N I c National Institute for
Hedalth ang Care Excellencea

Single Technology Appraisal

Empagliflozin for treating chronic heart
failure with reduced ejection fraction
[ID3826]

Committee Papers

© National Institute for Health and Care Excellence 2022. All rights reserved. See Notice of Rights. The content
in this publication is owned by multiple parties and may not be re-used without the permission of the relevant
copyright owner.



N I c National Institute for
Hedalth ang Care Excellencea

NATIONAL INSTITUTE FOR HEALTH AND CARE EXCELLENCE
SINGLE TECHNOLOGY APPRAISAL

Empagliflozin for treating chronic heart failure with reduced ejection fraction
[ID3826]

Contents:
The following documents are made available to consultees and commentators:

The final scope and final stakeholder list are available on the NICE website.

1. Company submission from Boehringer Ingelheim

2. Clarification questions and company responses

3. Patient group, professional group and NHS organisation submissions
from:

a. Cardiomyopathy UK
b. The British Society for Heart Failure

4. Evidence Review Group report prepared by BMJ Group

5. Evidence Review Group report — factual accuracy check

6. Technical engagement response from Boehringer Ingelheim

7. Technical engagement responses and statements from experts:
a. Nick Hartshorne-Evans — patient expert, nominated by Pumping

Marvellous Foundation

8. Technical engagement responses from consultees and commentators:
a. AstraZeneca

9. Evidence Review Group critique of company response to technical
engagement prepared by BMJ Group

Any information supplied to NICE which has been marked as confidential, has been
redacted. All personal information has also been redacted.

© National Institute for Health and Care Excellence 2022. All rights reserved. See Notice of Rights. The content
in this publication is owned by multiple parties and may not be re-used without the permission of the relevant
copyright owner.



NATIONAL INSTITUTE FOR HEALTH AND
CARE EXCELLENCE

Single technology appraisal

Empagliflozin for treating chronic heart failure
with reduced ejection fraction [ID3826]

Document B

Company evidence submission

29t June 2021
File name Version Contains Date
confidential
information
ID3826_Empagliflozin_Document | 7.0 Yes 29t June
B_v7.0_AIC_CIC.docx 2021

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 1 of 200



Contents

List of abbreviations ... e 9
B.1 Decision problem, description of the technology and clinical care
PAthWAY ... ————— 10
B.1.1 DecCiSion Problem ..........oi i 11
B.1.2 Description of the technology being appraised .................cevveeieiiieeeeennne. 19
B.1.3 Health condition and position of the technology in the treatment
(S22 11011 | PP 20
B.1.3.1 Overview of the disease for which the technology is indicated.. 20
B.1.4 Equality CONSIAerations ..............uueeiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeee e 44
B.2 Clinical effectiveness. ... 47
B.2.1 Identification and selection of relevant studies..............ccccoooiiiiiiiiiiinnnnn. 48
B.2.1.1 Clinical trials with empagliflozin 10 mg (Jardiance®).................. 48
B.2.1.2 Non-randomised clinical effectiveness studies........................... 52
B.2.2 List of relevant clinical effectiveness evidence...........cccccccevveiiiiiiiiiinnnnnnn. 52
B.2.3 Summary of methodology of the relevant clinical effectiveness
EVIAENCE ..oueeiiiei ettt aaaaas 55
B.2.3.1 Summary of methodology of the EMPEROR-Reduced trial
(NCTOB057977 )i 55
B.2.3.2 Demographics and baseline characteristics ..............cccccceeees 64
B.2.4 Statistical analysis and definition of study groups in the relevant clinical
effectiveness evidenCe............cooeiiiiii i 67
B.2.4.1 Statistical methods and analysis setS............ccccevviiiiiicieenn, 67
B.2.4.2 Participant flow in the relevant randomised controlled trials....... 69
B.2.5 Quality assessment of the relevant clinical effectiveness evidence ........ 70
B.2.6 Clinical effectiveness results of the relevant trials: EMPEROR-
ReAUCEA ... 71
B.2.6.1 Primary outcome: combined risk of cardiovascular death or
HHE 72
B.2.6.2 Secondary OUtCOMES............ueeiiiiiiiiiiiiice e 74
B.2.7 Subgroup @nalySes .......ccoeiiiiiiuiiiiiie e 85
B.2.8 Indirect and mixed treatment comparisons ...............uuiiiiieiiiiiieeiiiiinn. 88
B.2.8.1 Objective of the indirect comparison...........ccccccvvvviiiiiiiiiiiinnnnn. 89
B.2.8.2 Evidence base and comparators...........ccccocoiiiiiiiiiiiieeiiieeee, 91
B.2.8.3 Results of the Bucher ITCs and pooled meta-analysis.............. 92
B.2.8.4 Study heterogeneity...........cccvvviiiiiiiiiiiii 96
B.2.9 AdVEIrSE EVENTS .....ooeiiiiiiiiiiieeeeeeeeeeee ettt 107
B.2.100NQg0ING StUIES .....eeiiiiiiiiiiiiiiiieiee ettt 111
[ 2 I 0 0 To 1V (o o PP 111
B.2.12Interpretation of clinical effectiveness and safety evidence .................. 113
B.3 Cost-effectiveness.........couuiiiiiiiiiiiiiinisiss s 116
B.3.1 Published cost-effectiveness studies ..........cccoooveeiiiiiiiiiiiiiiien e 116
B.3.2 ECONOMIC @NAIYSIS .....eeviiiiiiiiiiiiiiiiiiieiiiitiietieeeeibeeeeeeeee e ee e e e eeeeeeeeeeeeees 122

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 2 of 200



B.3.2.1 Patient population.............ooouieiiiiiii 122

B.3.2.2 Model StruCture.............ooiiiiiiii e 124
B.3.2.3 Intervention technology and comparators............cccccoeeevennnnn.... 131
B.3.3 Clinical parameters and variables ..............ccooiiiiiiiiiiie e 132
B.3.3.1 Baseline characteristiCs..........cccooiviiiiiiiiiiiiiii e 133
B.3.3.2 Health state transition probabilities.............ccccoooviiiiiinnin. 133
B.3.3.3 MOrality......covviiiiiiiiiiiiiieeeeeeeeeeee e 135
B.3.3.4 Incidence of HHF ... 142
B.3.3.5 Composite renal outCome..........cccoeeevviiiiiiiiiiiieeieeeeeeee e, 143
B.3.3.6 Treatment discontinuation ..o 144
B.3.3.7 Adverse eventrates..........oooovuuiiiiiiiiiiie e 146
B.3.4 Measurement and valuation of health effects................cccoooeoiiinnnnin. 147
B.3.4.1 Health-related quality of life data from clinical trials................. 147
= I A |V F= T o] o] [ o R UOTR 149
B.3.4.3 Health-related quality of life studies...........ccccccvvvrin. 149
B.3.4.4 Adverse reacCtionsS...........ccoceeeiiiiiiiiiiiiiiee e 150
B.3.4.5 Composite renal endpoint disutility .............cccoeeeieeiriiiiiiiiin... 150
B.3.4.6 HRQoL experienced in each health state................................ 151
B.3.4.7 HRQoL over the course of the disease..........c.cccceeevvvvvvivnnnnnnn.. 151
B.3.4.8 Baseline HRQOL...........ccooviiiiiiiiiiiii 152
B.3.4.9 Adjusted health state utility values ............ccccco 152
B.3.4.10Summary of utility values..........ccccccvriiiii 152
B.3.5 Cost and healthcare resource use identification, measurement, and
(V2= |18 = 11T o RPN 154
B.3.5.2 Health state unit costs and resource use.............ccccceeeeveinnnnn.n. 157
B.3.5.3 Adverse reaction unit costs and resource use..............cccc....... 161
B.3.5.4 Miscellaneous unit costs and resource use..........cccccvvveunnnnnn.. 163
B.3.6 Summary of base-case analysis inputs and assumptions..................... 163
B.3.6.1 Summary of base-case analysis inputs .............ccccoeeevivinnienn.. 163
B.3.6.2 ASSUMPLIONS ....ciieiiiiiiiee e 168
B.3.7 Base-Case reSuUlts ........ccoooiiiiiiii e 171
B.3.7.1 Base-case incremental cost-effectiveness analysis results..... 171
B.3.8 Sensitivity analySes.........ooouiiiiiiiii e 171
B.3.8.1 Probabilistic sensitivity analysis...........ccccccoviin 172
B.3.8.2 Deterministic sensitivity analysis ........ccccccccei 175
B.3.8.3 Scenario analysis .............oouuiuiiiiiiiiiii e 178
B.3.8.4 Summary of sensitivity analyses results.............ccccccen. 182
B.3.9 Subgroup @nalysis .............uuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiieeeeee e 182

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 3 of 200



B.3.10Validation .........oooiiiioiiie s 183

B.3.10.1Validation of cost-effectiveness analysis ............cccccevvvvvnnnnnn... 183
B.3.11Interpretation and conclusions of economic evidence........................... 185
B.4 ReferencCes...... .ottt s e s r e e e e e e e e e nnn e 187

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 4 of 200



Tables and figures

Table 1. The decCision Problem ..........oooiiiiiiiii e 12
Table 2. Relative market share of dapagliflozin vs SoC for HF (May 2021) (5)........ 18
Table 3: Technology being appraiSed ..o 19
Table 4: ACCF/AHA stages of chronic heart failure ..............cccooevviiiiie i, 22
Table 5: NYHA functional classification based on severity of symptoms and

PRYSICAlI @CHIVILY ...t 23
Table 6: Causes and comorbidities of heart failure ...............oooooii 25
Table 7: Baseline characteristics in men from Scotland with cancer, heart failure

E= Yo [ o7 ] T g o] T I (1= 26
Table 8: Baseline characteristics in women from Scotland with cancer, heart

failure and comoOrbidities .........ooovviiiiiiiiiiii 27
Table 9. Overview of the studies comprising the EMPOWER clinical trial

programme for empaglifloZin.............ccoooiiiiiiii e 49
Table 10. Clinical effectiveness evidence: EMPEROR-Reduced trial ...................... 52
Table 11. Inclusion and exclusion criteria of the EMPEROR-Reduced trial ............. 57
Table 12. EMPEROR-Reduced trial drugs ... 60
Table 13. Pre-specified primary and secondary outcomes.............cccceeeeeeeeieieiinnnnnnn. 60
Table 14. Definitions of adjudicated endpoints............ooooioiiiiiiii, 62
Table 15. Demographic and baseline characteristics (mean) of randomised
participants in EMPEROR-Reduced trial.............ccoooiiiiiiii e 64
Table 16. Summary of statistical analysis in the EMPEROR-Reduced RCT ............ 67
Table 17. Results of the quality assessment of EMPEROR-Reduced ftrial............... 71
Table 18. Sensitivity analyses for the primary endpoint: time to the first event of
adjudicated CV death or HHF ... 73
Table 19. Sensitivity analyses for the key secondary endpoint: total HHF ............... 74
Table 20. Cox regression analysis of time to first renal event’, RS .......................... 77
Table 21. Summary of further exploratory secondary endpoints from EMPEROR-
RedUCEA STUAY ... e 82
Table 22.Summary of the trials used to carry out the indirect treatment

(o701 0 0] o¥=T £ 1=Te ] o FU R PP 90
Table 23. Summary of Bucher ITC results for empagliflozin plus SoC versus
dapagliflozin plus SoC (EMPEROR-Reduced vs DAPA-HF, ITT population)........... 93
Table 24. Standard of care received at baseline in EMPEROR-Reduced and

D N = | PP 97
Table 25. Summary of key inclusion/exclusion criteria.............coooeeiiiiieneeeieeeeinnn. 98
Table 26. Comparison of baseline characteristics of subjects enrolled in
EMPEROR-Reduced and DAPA-HF trialS ..........coouviiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeeeeeeee 99
Table 27. Availability of EMPEROR-Reduced primary and secondary endpoints

in DAPA-HF trial, ITT population ...........oooiiiiiiiiii e 100
Table 28. Identified treatment effect modifiers ............ccoooiieii 104

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 5 of 200



Table 29. Weighting assigned to patients in EMPEROR-Reduced to be

comparable to patients in DAPA-HF ... 105
Table 30. Overall summary of AEsinthe TS ..., 107
Table 31. Serious AEs with frequency >1% -exposure adjusted, in the TS............ 108
Table 32. Summary of AESIs and specific AES, TS ......ccooiiiiiiii e, 109
Table 33. Summary list of published UK cost-effectiveness studies ...................... 118
Table 34. Mean patient characteristics of the modelled cohort at model entry

based on EMPEROR-Reduced trial, ITT population ............cccceeeeiiiiiiiiiiiiiieeeeee, 123
Table 35. Features of the current and previous economic analysis ....................... 128
Table 36. Monthly KCCQ-CSS transition matriX............cccooeeeeiiiiiiiiiiiiiiiee e 135
Table 37. Goodness-of-fit statistics (AICc/BIC) for alternative parametric
distributions, all-cause mortality and CV mortality............ccccooeeiiiiiiiiiiiiiieee, 136
Table 38. Parameterisation of survival equations for CV and all-cause death, ITT
population of EMPEROR-Reduced trial, Weibull distribution (base-case).............. 138

Table 39. Risk equations for alternative parametric distributions of CV mortality
and all-cause mortality (KCCQ-based), ITT population of EMPEROR-Reduced

(SCENAIIO ANAIYSES) ..cevvviiiee e e et e e e e e e e e e e e e e e e e aaeanan 141
Table 40. Risk equation for hospitalisation for HF based on Poisson regression,

ITT population from EMPEROR-Reduced trial.............cooovviiiiiiiiiiie 143
Table 41: Clinical inputs composite renal endpoint .............ccoeeiiiiiiiiiiiiiiieeeeeee. 144
Table 42. Risk equation for treatment discontinuation from EMPEROR-Reduced

trial, exponential distribution..............ccoo i 145
Table 43. Risk equations for alternative parametric distributions of treatment
discontinuation, ITT population from EMPEROR-Reduced...............cccoeeeeiiiiinnnnnn. 145
Table 44. Rates of AEs in the modelled cohort ..., 146
Table 45. Health-related quality of life equation derived from EMPEROR-

T=To [ oT=To I (- | PP 148
Table 46. Disutility associated with the composite renal endpoint.......................... 151
Table 47. Summary of utility values for cost-effectiveness analysis....................... 153
Table 48: Technology and comparator unit COStS..........ccoovviiiiiiiiiiiiiiiieie e 156
Table 49. CV and renal events frequencies and management unit costs............... 159
Table 50. Disease management resource use and unit COStS.........cccceeeereeirreennnne. 160
Table 51: Adverse event management unit costs, event rate and frequencies of

(o 153 14T o 10 o] o SRR 162
Table 52. Summary of variables applied in the economic model ........................... 163
Table 53. Summary of key assumptions of the economic analysis ........................ 168
Table 54. Base-case analysis: deterministic results for empaglifozin as an add-

(o] o (oI} = gL F= o I o= | - RPN 171
Table 55. Base-case analysis: probabilistic results for empagliflozin as an add-

ON 1O STANAAIA CArE ... oo oottt e e e e eeeees 173
Table 56. Deterministic sensitivity analyses inputs and results..............ccccccoooeeeee. 175

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 6 of 200



Table 57. Scenario Analyses: ICERs for empagliflozin as add-on to standard

care compared to standard care alone...............ceeiiiiiiiiii i 180
Figure 1. Left ventricular chronic heart failure ............cccccciiiiiiii 22
Figure 2. Chronic heart failure diagnostic pathway ...........cccoovviiiiiii i, 34
Figure 3. Chronic heart failure NICE treatment pathway ...........ccccooeeiiiiiiiiiiiceeeen. 35
Figure 4: Empagliflozin in the HFrEF treatment pathway ..................cccei. 42
Figure 5. Design of EMPEROR-Reduced trial.............coooviiiiiiiiiiiiii 55
Figure 6. CONSORT diagram of patient flow in each stage of EMPREOR-

= To {1 o7 =To I o O PP 70

Figure 7. Estimated cumulative incidence function for time to the first event of
adjudicated CV death or HHF in all randomised patients (RS, randomised set) ...... 73

Figure 8. Mean cumulative function for occurrence of adjudicated HHF (first and

recurrent) iINThe RS ... e e e 74
Figure 9. Changes in the estimated glomerular filtration rate, based on the TS

and measurements up to one day after the last intake of study medication............. 75
Figure 10. Estimated cumulative incidence function for time to the first event of

the composite renal endpoint, RS ... 78
Figure 11. Estimated cumulative incidence function for time to the first

adjudicated HHF with all-cause mortality as a competing risk, RS........................... 78
Figure 12. Time to all-cause mortality, Kaplan-Meier estimate in RS........................ 79
Figure 13. Estimated cumulative incidence function for time to adjudicated CV

death, considering non-CV death as a competing risk- RS ............ccccooieiiiiiiiiiiinnnnnn. 80
Figure 14. Estimated cumulative incidence function for time to onset of DM in
patients with baseline pre-DM inthe RS ... 81
Figure 15. Mean cumulative function for occurrence of all-cause hospitalisation

(first and recurrent), RS ... ... . e 82

Figure 16. Primary outcome of EMPEROR-Reduced in pre-specified subgroups.... 86

Figure 17. Meta-analysis of EMPEROR-Redcuced and DAPA-HF trials (ITT
[oT0] o101 F= 11 T0] o | PSP P R UPPPPRPTRIRt 95

Figure 18. Subgroup analyses for the primary outcome (a composite of
hospitalisation for heart failure, an urgent visit resulting in intravenous therapy for
heart failure, or death from cardiovascular causes) in DAPA-HF ...........cccccceeei. 106

Figure 19. Model SChematiC ...........ooviiiiiiiiiiiiiiiiiiiiieee 126
Figure 20. Effect of empagliflozin vs placebo on mean KCCQ-CSS over time....... 135
Figure 21. Kaplan-Meier curves for all-cause mortality from EMPEROR-Reduced

and extrapolated survival curves (Weibull)............cccooiiiiis 137
Figure 22. Kaplan-Meier curves for CV mortality from EMPEROR-Reduced and

extrapolated survival curves (Weibull)............ccoiiiiiiiiiiie e 137
Figure 23. Alternative all-cause mortality survival curves (scenario analyses)....... 140
Figure 24. Alternative CV mortality survival curves (scenario analyses)................ 141

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 7 of 200



Figure 25. ICER convergence: base-case analysis...............cceeiiiiiiiiiiiiiiiiiieeeeeeenee. 173

Figure 26. Base-case analysis: cost-effectiveness scatterplot ...............ooovvveenennne. 174
Figure 27. Base-case analysis: cost-effectiveness acceptability curve .................. 174
Figure 28.Tornado diagrami............ii i e e e e e 178

Figure 29. Comparison of observed and model-predicted event rates in the ITT
population: CV death, all-cause death, and HHF rates per 100 patient years........ 184

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 8 of 200



List of abbreviations

Acronym Definition

ACCF American college of cardiology foundation
ACE Angiotensin-converting enzyme

ACEi Angiotensin-converting enzyme inhibitor
AE Adverse event

AESI Adverse event of special interest

Afib Atrial fibrillation

AHA American heart association

AlCc Akaike Information Criterion with a correction for finite sample size
ARB Angiotensin receptor blockers

ARNI Angiotensin receptor-neprilysin inhibitor

BB Beta-blocker

BIC Bayesian Information Criterion

BNP B-type natriuretic peptide

CEA Cost-effectiveness analysis

Cl Confidence interval

CKD Chronic kidney disease

CKD-EPI Chronic kidney disease - Epidemiology collaboration equation
CMR Cardiac magnetic resonance

COPD Chronic obstructive pulmonary disease
CPET Cardiopulmonary exercise test

CRM Cardio-renal-metabolic

CRS Cardiorenal syndrome

CSR Clinical study report

CT Computerized tomography

Ccv Cardiovascular

DM Diabetes mellitus

ECG Electrocardiogram

eGFR Estimated glomerular filtration rate

EF Ejection fraction

ESC European Society of Cardiology

EMA European medicines agency

EQ-5D EuroQol- 5 dimension

FCE Finished Consultant Episodes

GEE Generalised estimating equations

HbA1c Glycated haemoglobin

HFmEF Heart failure with mid-range ejection fraction
HFpEF Heart failure with preserved ejection fraction
HFrEF Heart failure with reduced ejection fraction

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 9 of 200




Acronym Definition

HHF Hospitalisation for heart failure

HR Hazard ratio

HRG Healthcare Resource Group

HRQoL Health-related quality of life

IHD Ischaemic heart disease

ITC Indirect treatment comparison

KCCQ Kansas City Cardiomyopathy Questionnaire
KCCQ-CSS Kansas City Cardiomyopathy Questionnaire clinical summary score
KCCQ-TSS Kansas City Cardiomyopathy Questionnaire total symptom score
KCCQ-OSS Kansas City Cardiomyopathy Questionnaire overall summary score
LLA Lower limb amputation

LVEF Left ventricular ejection fraction

MedDRA Medical dictionary for regulatory activities

Mi Myocardial infarction

MMRM Mixed model for repeated measures

MOA Mechanism of action

MRA Mineralocorticoid receptor antagonists

MRI Magnetic resonance imaging

MTD Maximum tolerated dose

NICE National institute for health and care excellence
NT-pro-BNP N-terminal pro hormone B-type natriuretic peptide
NYHA New York heart association

PT Preferred term

QoL Quality of life

RCT Randomised controlled trial

RS Randomised set

RWE Real world evidence

SAE Serious adverse event

SGLT1 Sodium-glucose co-transporter-1

SGLT2 Sodium-glucose co-transporter-2

SGLT2i Sodium-glucose co-transporter-2 inhibitor

SmPC Summary of medicinal product characteristics
SoC Standard of care

SoC System organ class

T2DM Type 2 diabetes mellitus

TS Treated set

UK United Kingdom

B.1 Decision problem, description of the technology and

clinical care pathway

Company evidence submission template for empagliflozin for treating chronic heart failure with

reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved

Page 10 of 200



B.1.1 Decision problem

The population defined in the Final Scope is an extension to the full marketing
authorisation of empagliflozin that was issued by the European Medicines Agency
(EMA) on 22 May 2014 (1). Currently, empagliflozin is indicated for the treatment of
adults with insufficiently controlled type 2 diabetes mellitus (T2DM) as an adjunct to
diet and exercise, to be used as a monotherapy when metformin is considered
inappropriate due to intolerance or in addition to other medicinal products for the
treatment of diabetes (1). Empagliflozin has also received a NICE recommendation
for this indication (2, 3).

This submission covers the extension to the empagliflozin indication to include the
treatment of adults with symptomatic heart failure (HF) and reduced ejection fraction
(HFrEF). The cost-effectiveness, comparative effectiveness, clinical efficacy, and
safety of empagliflozin versus standard care in adult patients with HFrEF are topics

which are specifically addressed in this submission.

The company submission differs from the final NICE scope with regards to the
comparators in the cost-effectiveness analysis, but is consistent with the evidence
considered for decision making in the dapagliflozin appraisal ID1656 published on 24
December 2020 (4), as outlined in Table 1.
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Table 1. The decision problem

Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from the final NICE scope

Population

Adults for the treatment of symptomatic

chronic heart failure with reduced
ejection fraction

Same

Not applicable

Intervention

Empagliflozin in combination with
standard care (including diuretics,

treatment with an ACE inhibitor, ARBs,
mineralocorticoid receptor antagonist,

beta-blockers, cardiac devices and
sacubitril valsartan)

Same

Not applicable

Comparator(s)

¢ Individually optimised standard
care without empagliflozin.
Standard care is defined as:

o ACE inhibitors in combination

with beta-blockers, and/or
mineralocorticoid receptor
antagonists

0 ARBs in combination with beta-

blockers, and/or
mineralocorticoid receptor
antagonists

0 Sacubitril valsartan in

combination with beta-blockers,

and/or mineralocorticoid
receptor antagonists

e Dapagliflozin as an add-on to
standard care

Same, however dapagliflozin
does not reflect current standard
of care and is not a relevant
comparator.

The evidence for empagliflozin vs
standard treatment with ACEi,
ARBs, sacubitril/valsartan is the
most relevant for the committee to
consider. This is because a
maijority of eligible patients in the
UK receive at least one of these
products.

Comparative analyses of
empagliflozin vs dapagliflozin are
provided in B.2.8 upon the
request of the ERG and NICE
Technical team; however these
are secondary. This is consistent

The estimated prescribing of dapaglifiozin is i in
MQT May 2021 for patients with HF only. In the HF
only population, it is prescribed ] times less often
than sacubitril valsartan (Table 2), a product
considered as SoC but prescribed less frequently than
ACEi and ARBs(5).

The NICE dapagliflozin resource impact template
estimated that 75% of HFrEF patients optimised on
standard care with either ACE/ARBS, or
sacubitril/valsartan and with an eGFR >30mL/min per
1.73m? will receive dapagliflozin by 2025. In 2021,
2022, 2023, 2024, the uptake is estimated to be 20%,
35%, 50%, and 60%, respectively (6). The resource
impact template only considers patients with HFrEF
only and not those with comorbid T2DM. There is
limited empirical evidence to support these estimates.
Given the market share in MQT May 2021 was [l
(8), it's unlikely that 20% of eligible HFrEF only patients
would receive dapagliflozin by the end of 2021.
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Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from the final NICE scope

with the perspective of UK
clinicians we have consulted.

Future use of treatment is speculative. We can only
reflect the care pathway used today in the submission.
This is consistent with NICE guidance and committee
discussion in TA398 (Section 4.18) where a specific
future scenario was proposed by the manufacturer but
rejected by the committee (7).

It is clear from the data presented above that
prescribing of dapagliflozin is not SoC at the time of
submission, there is minimal scope for displacement,
and hence we do not regard this comparator of primary
relevance to the decision problem.

Direct economic evidence for empagliflozin vs
dapagliflozin is not informative. More important is
patient and prescriber choice. As the key clinical
efficacy outcomes for empagliflozin and dapagliflozin
are comparable, the cost-effectiveness of SGLT2i vs
SoC and is the most relevant economic evidence to
consider, consistent with (8) 5.1.14 of the NICE Guide
to Methods 2013. This is described in B.3.8.3.

The outcome measures to be
considered include:

Outcomes
e symptoms of heart failure

¢ hospitalisation for heart failure
e all-cause hospitalisation

e mortality

e cardiovascular mortality

e kidney function

e adverse effects of treatment

Same

Not applicable
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Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from the final NICE scope

e health-related quality of life

Economic
analysis

The reference case stipulates that the
cost-effectiveness of treatments should
be expressed in terms of incremental
cost per quality-adjusted life year.

If the technology is likely to provide
similar or greater health benefits at
similar or lower cost than technologies
recommended in published NICE
technology appraisal guidance for the
same indication, a cost-comparison
may be carried out.

The reference case stipulates that the
time horizon for estimating clinical and
cost-effectiveness should be
sufficiently long to reflect any
differences in costs or outcomes
between the technologies being
compared.

Costs will be considered from an NHS
and Personal Social Services
perspective.

The availability of any commercial
arrangements for the intervention,
comparator and subsequent treatment
technologies will be considered.

Same

Not applicable
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Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from the final NICE scope

The cost of background therapies,
such as diuretics for people with
oedema, should also be included in
cost-effectiveness analyses.

Subgroups to be

Not included in the draft scope

No subgroups were considered

Not applicable

considerations
including issues
related to equity
or equality

primary and secondary care could
reduce the inequality in access to
heart failure care in the UK

considered separately in the economic
analysis
Special Not included in the draft scope Broad prescribing of SGLT2is in The socio-economic inequalities in CV disease present

a major and persistent UK public health challenge. The
UK-based population studies demonstrate that socio-
economic deprivation is a strong risk factor for the
development of HF and adverse HF outcomes (9, 10).
Individuals in the lowest socio-economic group are 1.61
times more likely to experience incident HF than the
most affluent individuals and do so, on average, at a
3.5 years younger age with a greater comorbidity
burden at time of HF symptom onset (9).
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Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from the final NICE scope

Socio-economic status has an impact on access to
secondary care in the UK, and subsequently access to
HF treatments. Moscelli et al. reported a statistically
significant difference in waiting times across socio-
economic groups for patients who attend the same
hospital: patients living in more income deprived areas
waited longer (35% difference, or 43 days) than
patients who lived in less deprived areas. As well as
waiting longer, coronary heart disease patients in a
lower socio-economic class were admitted to hospital
less often than those in a higher class (11). McCartney
et al. reported on a prospective study of 7049 men and
8353 women in the west of Scotland followed up for 37
years. The likelihood of a hospital admission for
cardiovascular disease was 21% higher for female
patients in highest socio-economic class than patients
in lowest class. Those patients in class IV and V also
stayed 25% longer in hospital (589 vs. 736 bed
day/1000 person years, respectively) (12).

These studies indicate that if patients in lower socio-
economic classes utilise secondary care less often,
their opportunity to access HF medications would also
be lower if they are solely prescribed in secondary
care.
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Final scope issued by NICE

Decision problem addressed in
the company submission

Rationale if different from the final NICE scope

Bl support the UK Government’s and NICE'’s
commitment to the reduction of health inequalities,
reiterated in the recent NICE five-year strategy
publication (13, 14). Principle 9 of NICE's Social Value
Judgments states that due regard must be given to
reducing inequalities. It states that equality should be
considered in relation to the 9 protected characteristics
in the Equality Act 2010 (age, disability, gender
reassignment, race, religion or belief, sex, sexual
orientation, marriage and civil partnership, pregnancy
and maternity) and socio-demographic factors (14).
Further the COVID-19 Marmot review aims to reduce
the widened gap in health inequalities and build a fairer
society post pandemic.(15) Broad prescribing of
SGLT2i across primary and secondary care can
support the reduction in disparity in access to HF care
across socio-economic groups within the UK. Only
permitting a cardiologist to initiate a SGLT2i would
likely widen the gap in health inequalities and lead to a
delay in prescribing due to the limited resource in
secondary care.
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Table 2. Relative market share of dapaﬁliflozin vs SoC for HF iMai 2021i i5i

June 2020 to Aug 2020 Sep to Nov 2020 Dec 2020 to Feb 2021 Mar to May 2021
T2DM+HF | | I I
England population HF only - - - -
TOTAL | | I I

Market share

ACE (%) T2DM+HF | | I I
HF only I I [ [
ARE (%) T2DM+HF | | I I
HF only I I [ [
MRAS T2DM+HF | | I I
HF only | | I I
Beto-blocker (% T2DM+HF | | I I
eta-blocker (%) HF only - - - -
Sacubitril valsartan, n | T2DM+HF I || || |
(%) HF only | | I I
Dapagliflozin, n (%) T2DM+HF - - - -
pag ’ HF only I I [ [
Empagliflozin, n (%) T2DM+HF - - - -
pag Y U HE only I I I I

a. The IQVIA LPD data estimates the percentage market share for all HF patient receiving an individual treatment and makes no distinction on whether they are symptomized, optimised or type
(HFrEF, HFpEF or HFmEF). The study samples from 150 eligible GP practices and extrapolates nationally (UK). The estimates presented here are for the England population which represents
84.4% of the total UK population.

b. The definition of HF used for the IQVIA LPD study is broad and includes HF of any type with and without T2DM. The QOF code used for HF were G58 [heart failure], G5y4, G1yz1 [rheumatic left
ventricular failure], 662f [NYHA 1], 662g [NYHA II], 662h (NYHA I11], 662i [NYHA V]

c. A narrow definition of HF, consistent with the dapagliflozin marketing authorisation, might lead to a biased sample as QOF codes are sometimes missing or patients are miss-classified

d. The IQVIA Hospital Pharmacy Audit (HPA), a secondary care database, indicates that prescribing of dapagliflozin is predominantly in the community. Of the packs of dapagliflozin sold in Feb
2021, - % were dispensed in a community compared to - % in a hospital pharmacy. This indicates that the IQVIA LPD data is a representative sample and reflects our best available
evidence on the market share of dapagliflozin.
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B.1.2 Description of the technology being appraised

o Empagliflozin is an orally bioavailable, selective sodium-glucose co-transporter-2 inhibitor
(SGLT2i) which has cardioprotective effects and improves heart failure-related outcomes
(16, 17).

Empagliflozin’s mechanism of action, marketing authorisation, indication, mode of
administration and list price are summarised in Table 3. Appendix C includes the draft

summary of product characteristics (SmPC) for empagliflozin.

Table 3: Technology being appraised

UK approved name and brand Empagliflozin (Jardiance®)
name

Mechanism of action Empaglifloz_in is an _orally bioavailable, reversible, highly potent

and selective inhibitor of SGLT2 (16). Through SGLT2
inhibition, empagliflozin simultaneously reduces renal
reabsorption of glucose and sodium in the proximal tubules of
the kidney and leads to increased urinary excretion of glucose
and moderate natriuresis. The molecular bases of
empagliflozin’s cardioprotective and nephroprotective effects
are unknown, but accumulating evidence suggests several
distinct mechanisms are involved, including:

e osmotic diuresis and natriuresis resulting in lowering
of arterial pressure and stiffness and improvement in
ventricular loading

e improved myocardial and renal metabolism via switch
to ketone bodies as the energy source

e prevention of adverse cardiac remodelling through
inhibition of inflammation, fibrosis, and cardiomyocyte
cell death

e direct inhibition of the Na+/H+ exchanger in
myocardium, leading to reduction or reversal of
cardiac injury, fibrosis, and systolic dysfunction

e prevention of ischemia/reperfusion injury through
decrease in calmodulin kinase Il activity (17, 18).

Marketing authorisation/ Empagliflozin currently holds the EMA marketing authorisation
CE mark status and is recommended by NICE for the treatment of type 2
diabetes mellitus as a monotherapy (25 May 2016) or as a
combination therapy with insulin or other antidiabetic drugs (25
March 2015) (1-3).

On 20 May 2021, the Committee for Medicinal Products for
Human Use (CHMP) adopted a positive opinion recommending
a change to the terms of the marketing authorisation for the
medicinal product Jardiance.
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A submission was also made to the MHRA, via the reliance
route, on [l A UK MHRA Marketing Authorisation for
HFrEF is expected w/c - The draft SmPC is provided in
Appendix C.

Indications and any
restriction(s) as described in
the summary of product
characteristics (SmPC)

Indication relevant to this submission: Empagliflozin is
indicated in adults for the treatment of symptomatic chronic
heart failure with reduced ejection fraction.

Other indications: Empagliflozin is indicated for the treatment
of adults with insufficiently controlled type 2 diabetes mellitus
as an adjunct to diet and exercise
e as monotherapy when metformin is considered
inappropriate due to intolerance
e in addition to other medicinal products for the treatment
of diabetes (19)

Method of administration and
dosage

10 mg oral empagliflozin once daily

Additional tests or
investigations

None

List price and average cost of a
course of treatment

List price of a pack of 28 tablets (10mg) is £36.59. This
equates to a cost of £1.31 per tablet per day for each patient.

Patient access scheme
(if applicable)

None

Abbreviations: CHMP, Committee for Medicinal

Products for Human use; EF, ejection fraction; EMA, European Medicines

Agency; HF, heart failure; SGLT2i, sodium-glucose co-transporter 2 inhibitors.

B.1.3 Health condition and position of the technology in the

treatment pathway

B.1.3.1 Overview of the disease for which the technology is indicated

e Heart failure is a complex clinical syndrome caused by structural and/or functional

abnormalities of the myocardium resulting in the impairment of ventricular filling and

ejection of blood (20, 21).
e Heart failure is classified base

preserved or mid-range ejectio

d on left ventricular ejection fraction as HF with reduced,
n fraction (HFrEF, HFpEF and HFmEF) (20, 22).

e Clinicians categorise heart failure according to the severity of the disease, structural

changes, and symptoms using the two most common classification systems (American

College of Cardiology Foundation (ACCF)/American Heart Association (AHA) and New

York Heart Association (NYHA

)) (20, 22, 23).

B.1.3.1.1 Disease overview
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Clinical presentation and aetiology of heart failure

Heart failure (HF) is a complex clinical syndrome caused by structural and/or functional
cardiac abnormality that results in reduced cardiac output and/or elevated intracardiac
pressure, impairing the ability of the heart to function adequately and act as a pump
to support physiological circulation (20, 21). Heart failure is characterised by a range
of symptoms including breathlessness, fatigue, poor exercise tolerance, ankle swelling
and peripheral oedema, however none are specific to HF (21). Signs of congestion,
such as jugular venous distention, gallop rhythm and displaced apical impulse, are
more specific to HF and indicative of higher risk of adverse outcome although harder
to detect (20, 21). Heart failure results from injury to the myocardium caused by a wide
range of pathologies including ischaemic heart disease, congenital heart defects,
hypertension, and non-cardiovascular systemic diseases such as diabetes and severe
lung disease (24). More than two-thirds of all cases of HF can be attributed to
ischaemic heart disease, hypertension (25), obesity, chronic obstructive pulmonary
disease (COPD) and rheumatic heart disease (24, 25). Less common aetiologies
include cardiomyopathies, valvular disease, myocarditis, infections, systemic toxins,

and cardiotoxic drugs (24).

Classification

Heart failure can be classified into acute and chronic in nature (20, 26). Acute HF (not
relevant to the decision problem) is a life threatening condition, with a rapid onset of
HF symptoms, typically leading to urgent hospital admissions (20, 27). Chronic HF
(relevant to the decision problem) refers to patients who have had HF diagnosis for at
least three months and can be categorised into left or right ventricular failure (28). Most
patients have a systolic dysfunction caused by the left ventricle failing to pump blood
efficiently. Failure of the left ventricle can also lead to right ventricular dysfunction by
multiple mechanisms including myocardial ischemia involving both ventricles,
increased pulmonary venous and arterial pressure, and reduced right ventricular
coronary perfusion due to decreased systolic blood pressure (29). Based on the
measurement of the left ventricular ejection fraction (LVEF), HF can be subcategorised

into HF with preserved (HFpEF), mid-range (HFmrEF) and reduced ejection fraction
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(HFrEF) as described in Figure 1. The focus of this submission is on the population
with symptomatic HFrEF (20).

Figure 1. Left ventricular chronic heart failure

&

HF with reduced EF: LVEF <40%

HFrEF

* Occurs due to loss of systolic function

« Myocardial injury (e.g. myocardial infarction) [
causes LV remodelling, with dilatation and
impaired confractility

Stretched and
dilated chambers
(dilated heart)

HF with preserved EF: LVEF 250% and
elevated natriuretic peptides

&

» More challenging to diagnose than HFrEF
* Heterogeneous pathophysiclogy
e g. hypertension, diabetes, obesity
* Characterised by endothelial dysfunction,
arterial stiffening and LV abnormalities

Typically stiffened and
thickened chambers
(hypertrophied heart)

Abbreviations: EF, ejection fraction; HF, heart failure; HFmEF, heart failure with mid-range ejection fraction; HFpEF, heart
failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LV, left ventricular; LVEF, left
ventricular ejection fraction.

Reference: (20, 22, 28, 30, 31)

Appears to resemble HFpEF with the key
exceptional characteristic of ischaemia, in
which it resembles HFrEF

HF with mid-range EF: LVEF 40-49%

Furthermore, clinicians often classify HF based on structural changes and symptom
severity by using either the American College of Cardiology Foundation
(ACCF)/American Heart Association (AHA) stages of heart failure or the New York
Heart Association (NYHA) classification or a combination of both (20, 22) (Table 4 and
Table 5). The NYHA classification is commonly used as a method for functional
classification in patients with HF, in clinical practice and as an entry criterion and/or
outcome measure in clinical trials. Although reflective of the natural course of HF, the
patient’s class assignment is performed by a clinician and relies on clinician’s
subjective interpretation of patient’s functional capacity. Since concordance between
cardiologists assigning NYHA classes can be as low as 54%, the validity of NYHA
class as an outcome in clinical trials is disputed (32). This is a key reason why the
economic model based on health states defined by NYHA is not presented in this

submission.

Table 4: ACCF/AHA stages of chronic heart failure
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Stage Description

A At. high-risk for heart failure but without structural heart disease or symptoms of heart
failure

B Structural heart disease but without signs or symptoms of heart failure

C Structural heart disease with prior or current symptoms of heart failure

D Refractory heart failure requiring specialised interventions

Abbreviations: ACCF, American College of Cardiology Foundation; AHA, American Heart Association
Reference: (22)

Table 5: NYHA functional classification based on severity of symptoms and
physical activity

Classification | Description

No limitation of physical activity. Ordinary physical activity does not cause
Class | :

symptoms of heart failure

Slight limitation of physical activity. Comfortable at rest, but ordinary physical
Class Il > . .

activity results in symptoms of heart failure

Marked limitation of physical activity. Comfortable at rest, but less than ordinary
Class llI L .

activity causes symptoms of heart failure

Unable to carry on any physical activity without symptoms of heart failure, or
Class IV .

symptoms of heart failure at rest

Abbreviation: NYHA, New York Heart Association
Reference: (20)

B.1.3.1.2 Epidemiology

o Population growth, aging, and rising burden of diabetes and obesity are driving the
increasing global prevalence of HF (9).

o In the UK, 920,000 people are estimated to live with HF and 200,000 people are newly
diagnosed with HF each year (33-36).

o Heart failure patients have a higher proportion of comorbidities compared to cancer
patients, with coronary heart disease (47.8%-61.1%) and hypertension (45.7%-54.6%) the

most common comorbidities amongst men and women diagnosed with HF (17, 37-39).

Prevalence and incidence

Heart failure is a growing public health problem driven by increase in population size
and age (9). Approximately 64.3 million people worldwide are estimated to have HF
(36). Based on 2014 data, there are more than 920,000 people with HF in the UK (9)
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and, of those, approximately 550,000 are on their General Practitioner's (GP) HF
register (33). From 2002 to 2014, the prevalence of HF in the UK increased by 23%
(9). In 2017, the prevalence of HF diagnosed in primary care was 2% and 5.9% among
those aged 65-74 years and those older than 75 years respectively, with a higher
estimated prevalence in men (7.5%) compared to woman (4.8%) in the over 75 year
olds (33). The Quality Outcomes Framework estimates the prevalence of HFrEF to be
1.2% (2019/2020) (40). Recent retrospective studies indicate that HFrEF comprises
64% to 83% of the total HF caseload in the UK and is therefore more common than
HFpEF or HFmEF (41, 42).

The number of newly diagnosed HF cases in the UK has increased by 12% in the
period from 2002 to 2014 and there is no indication that the trend is slowing down (9).
Between 176,000 and 200,000 people are newly diagnosed with HF each year in the
UK, with the average age of diagnosis between 72 and 77 years (9, 33, 43). The age
standardised incidence of HF is higher in men than in women (incidence rate ratio
1.52, 95% CI 1.50-1.54), with men also younger at diagnosis than women (mean age
74.0 years vs 79.4 years) (9). There has been a year-on-year increase in the incidence
of HF since 2015. A recent UK RWE study (PULSE) reported that the incidence of
diagnosed HF increased from 4.10 per 1000 person years in 2015 to 4.85 per 1000
person years in 2019 (43).

Prioritising the improvement of outcomes for HF patients is just as important as for
other common conditions with a high burden of disease. The prevalence and incidence
of HF in the UK is similar to the four most common causes of cancer combined (breast,
prostate, lung and bowel) or COPD (9, 44). Between 2015 and 2017, Cancer Research
UK reported the number of aggregated new cases for the four aforementioned cancers
to be over 183,000 (45). Similarly, around 1.2 million people in the UK have COPD
and approximately 115,000 people are newly diagnosed with COPD each year (44).
The burden of HF is similar to cancer or COPD, indicating an urgent need to improve

outcomes for HF patients at scale.
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Comorbidities

The cardiorenal syndrome (CRS) encompasses a spectrum of disorders of the heart
and kidneys whereby the physiological interdependence of the two organs leads to
their simultaneous, accelerated decline in a negative feedback cycle (46). Metabolic
disturbances associated with diabetes can also lead to the pathogenesis of the CRS
by causing biochemical, functional and morphological abnormalities of the heart and
kidney (47). HF patients therefore often suffer from renal or metabolic comorbidities
due to the overlapping risk factors for these conditions (48). Nearly half of all HF
patients have moderate to severe kidney dysfunction which increases the risk of
hospitalisation or death compared to HF alone (10, 49, 50). Furthermore, nearly one-
third have comorbid T2DM, also known to increase the risk of hospital admissions and
cardiovascular (CV) death (10, 51). The onset of T2DM increases the risk of HF by
two-fold in men and five-fold in women (52). Other comorbidities occurring with a high
frequency in HF patients include ischaemic heart disease (IHD), hypertension, atrial
fibrillation and diabetes (Table 6) (41).

Table 6: Causes and comorbidities of heart failure

Medical History HFrEF (%)
IHD 46

Atrial fibrillation (from electrocardiogram (ECG)) 41

Valve disease 27
Hypertension 52
Diabetes 34

COPD 18
Asthma 9

Abbreviations: COPD, chronic obstructive pulmonary disease; ECG, Electrocardiogram; IHD, Ischaemic heart disease
Reference: (41)

The burden of comorbidities is much higher for HF compared to other common
conditions, such as cancer. A retrospective Scottish study conducted between 2002
and 2011 on adults with HF and four of the most common cancers showed that 94.5%

of HF patients had comorbidities compared to 62%-80% of patients with a cancer
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diagnosis (Table 7 and Table 8) (37). The data reported in the tables below further

demonstrate the significant burden of HF disease to patients and the NHS.

Table 7: Baseline characteristics in men from Scotland with cancer, heart
failure and comorbidities

Prostate Lung Colorectal Bladder Heart
cancer cancer cancer cancer failure
Cases, n 6,795 4,693 4,239 2,082 10,309
Heart failure, n (%) 95 (1.4%) | 97 (2.1%) | 81 (1.9%) 41 (2.0%) -
Cancer, n (%) - - - - 226 (2.2%)
No comorbidity, n 1,949 1,116 o 499 o
(%) (28.7%) (23.8%) 1,278 (30.1%) (24.6%) 562 (5.5%)
. o 2,614 1,515 o 801 4,711
Hypertension, n (%) | 3g 50,y | 32.3%) | 1996 (37.7%) | (39 50 (45.7%)
Asthma, n (%) 491 (7.2%) | 355 (7.6%) | 286 (6.7%) 124 (6.1%) | 788 (7.6%)
C_oronary ht:art 1,3030 ‘I,0910 817 (19.3%) 488 . 6,295o
disease, n (%) (19.2%) (23.2%) (24.1%) (61.1%)
. 688 562 314 2,234
[}) 0, )
Diabetes, n (%) (10.1%) | (12.0%) | S11(144%) | 45 50 (21.7%)
1,241 237 1,707
o o) ) 1) )

COPD, n (%) 611 (9.0%) (26.4%) 390 (9.2%) (11.7%) (16.6%)
Stroke or TIA, n (%) | 321 (4.7%) | 445 (9.5%) | 245 (5.8%) 112 (5.5%) | 754 (7.3%)
. o o 563 o 261 4,448
Previous MI, n (%) 657 (9.7%) (12.0%) 442 (10.4%) (12.9%) (43.1%)

Chronic kidney o 473 o 220 1,560
disease, n (%) 550 (8.1%) | (10.19) | 381(9.0%) (10.8%) (15.1%)

Atrial fibrillation, n
(%)

238 (3.5%)

168 (3.6%)

162 (3.8%)

106 (5.2%)

552 (5.4%)

PVD, n (%)

388 (5.7%)

285 (6.1%)

250 (5.9%)

115 (5.7%)

2,519
(24.4%)

Abbreviations: COPD, chronic obstructive pulmonary disease; M,

transient ischaemic attack
Reference: (37)
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Table 8: Baseline characteristics in women from Scotland with cancer, heart
failure and comorbidities

Breast Colorectal L Ovarian Heart
ung cancer .
cancer cancer cancer failure
Cases, n 10,760 3,610 3,859 1,234 9,131
Heart failure, n (%) | 85(0.8%) | 43 (1.2%) 61 (1.6%) 15 (1.2%) | -
Cancer, n (%) - - - - 364 (4.0%)
No comorbidity, n | 4 115 10,24 0 465 0
(%) (38.2%) (28.4%) 769 (19.9%) | 3779,) | 900 (5:5%)
(30.3%) (40.2%) (37.6%) (29.5%) (54.6%)
Asthma, n (%) 945 (8.8%) | 296 (8.2%) | 386 (10.0%) | 95 (7.7%) ?1205 .
Coronary heart . . . . 4,367
disease, n (%) 839 (7.8%) | 499 (13.8%) | 718 (18.6%) | 108 (8.8%) (47.8%)
Diabetes, n (%) 0 0 0 o 1,708
; 786 (7.3%) | 425 (11.8%) | 421 (10.9%) | 89 (7.2%) (18.7%)
COPD, n (% 0 0 1,118 . 1,455
(%) 583 (5.4%) | 275 (7.6%) (29.0%) 74 (6.0%) (15.9%)
Stroke or TIA, n (%) 0 0 0 0 1,404
N (%) | 445 (4.1%) | 237 (6.6%) | 382 (9.9%) 58 (4.7%) (15.4%)
Previous MI, n (%) 0 0 0 o 2,665
; 305 (2.8%) | 207 (5.7%) | 292 (7.6%) 48 (3.9%) (29.2%)
Chronic kidney o . . o 0
disease, n (%) 265 (2.5%) | 179 (5.0%) | 228 (5.9%) 37 (3.0%) | 722 (7.9%)
Atrial fibrillation, n 2370
(%) 316 (2.9%) | 158 (4.4%) | 161 (4.2%) 25 (2.0%) (26.0%)
PVD, n (%) 238 (2.2%) | 130 (3.6%) | 274 (7.1%) 30 (2.4%) | 740 (8.1%)

Abbreviations: COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; PVD, peripheral vascular disease; TI,

transient ischaemic attack
Reference: (37)

Risk factors for disease

Risk factors associated with chronic heart failure can be modifiable (e.g. diet and
exercise) or non-modifiable (e.g. age, gender, and comorbidities). Coronary heart

disease, diabetes and age are strongly associated with increased risk of HF (10).
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Hypertension, smoking, male gender, elevated body-mass index, diet and poor

physical activity are also contributing to the pathogenesis of HF (53-55).

B.1.3.1.3 Disease burden

e Heart failure is a debilitating condition which substantially impacts patients’ quality of life
and disrupts work and lifestyle habits (20, 35, 56).

¢ In the UK, HF mortality ranges between 14.4%-26% at one year, 48.5%-68.1% at five
years and 66%-75.5% at ten years (37, 39, 57-59). Comorbidities (CKD, diabetes, lung
disease) and repeated HF hospitalisations are associated with even poorer long-term
outcomes (37, 39, 57, 58).

Symptomatic burden

Heart failure patients experience debilitating symptoms including breathlessness,
orthopnoea, paroxysmal nocturnal dyspnoea, reduced exercise tolerance, fatigue and
ankle swelling (20, 56). Healthcare professionals describe HFrEF patients as highly
symptomatic, with more severe breathlessness on exertion, with chronic fluid overload
and pulmonary hypertension compared to other types of HF (35). The
interdependencies within the CRM system lead to accelerated progression of CKD
and HF and increase the symptomatic burden of HF patients (60). Furthermore, most
HFrEF patients receive suboptimal daily doses of current treatments due to side
effects and reduced tolerability associated with comorbidities (e.g. asthma and renal
dysfunction) (61, 62). There is therefore a remaining need for new disease modifying
HFrEF treatments.

Morbidity and mortality

The prognosis of HF remains poor, with the burden of HF in the UK similar in
magnitude to that of the four most common cancers combined (9, 37, 39). Estimates
for 1 and 5-year HF mortality in the UK are variable, but range between 14.4%-26%
for 1-year and 48.5%-68.1% for 5-year post-diagnosis (37, 39, 57, 58). Notably, the
10-year mortality in the UK for HF was estimated at 75.5% in one UK study (57), with
the mortality risk for HFrEF patients in another UK study reported to increase by an

additional 37% from the reference control population (29%) equating to a 2.4 fold
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excess loss of life in (59). Additionally, a further UK retrospective study of 241 people
(200 with HFrEF and 41 with HFpEF) indicated that 32% of HFrEF patients died within

1-year of hospital admission (42).

Evidence suggests that HF mortality in the UK may be higher compared to a European
RWE study and Norwegian and global study (63-65). These studies reported a 1-year
mortality rate range of 6.4%-20% in chronic HF patients, a 5-year mortality of 45% in
chronic HF patients, and a 1-year all-cause mortality and 5-year all-cause mortality
range of 6.8%-8% and 33.5%-35% in HFrEF patients respectively (43, 63-65).

The overall prognosis of HF patients is exacerbated when patients have other
comorbidities, such as CKD and diabetes (66-68). A UK national study reported that
in patients who have both HF and CKD, hospitalisation and mortality rates increased
by 11% and 17% respectively, compared to HF patients who do not have CKD (68).
Furthermore, HF patients with diabetes showed a higher mortality rate of 34%
compared to those without diabetes with a mortality rate of 22% from either a

cardiovascular death or HF hospitalisation (67).

Healthcare system burden

Heart failure is the most common cause of hospitalisation in those over 65 years (37,
69-72). In general, it has been reported that repeat HF hospitalisations are known to
be a strong predictor of mortality (72). A UK retrospective study reported a hospital
readmission rate of 27% in the 12 months after discharge for HFrEF patients, and
another study reported approximately 20%-30% of HF patients having a hospital
readmission within 30 days, rising to 50% at the 6-month time point (42, 73). Higher
rates of hospitalisation for heart failure (HHF) are observed in HF patients with
diabetes, where the readmission rate is nearly double compared to those without
diabetes (74-76). Furthermore, current HF treatments that reach suboptimal dosage
also contribute to the increased risk of HF-related hospitalisations and mortality (61,
77). Therefore, there is an unmet need for new HFrEF treatments to lower

hospitalisation rates and reduce mortality.
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The morbidity and mortality burden of HF in the UK impedes the provision of holistic
care, a key priority in the NHS Long-Term Plan. With every subsequent hospitalisation
for HF, the risk of having an unplanned death increases and the opportunity to die with
dignity reduces. The choice on how to die is taken away from the patient. One study
reported that 71.5% of HF patients who had an unplanned readmission or death within
30 days of index discharge, experienced at least one emergency attendance in the 6
months prior, which was higher than those patients who did not have a readmission
(83, 84).

B.1.3.1.4 Economic burden

e Inthe UK in 2012, the direct and indirect costs of HF amounted to £2.0 billion and £888
million, respectively (23, 78-80).

e HFrEF patients who have T2DM have higher hospitalisation rates and longer length of
stays, and the burden is substantial amongst HF patients with CRM-related comorbidities
(81, 82).

There is a substantial economic burden of HF in the UK, where it is estimated to
annually account for 2% of the National Health Service (NHS) budget, with 60%-70%
of the costs related to hospitalisations (23, 80). Heart failure patients accounted for 1
million inpatient bed days (representing 2% of all NHS inpatient bed days and 5% of
all emergency medical hospital admissions) with an average length of stay of 6 to 9
days and a three month readmission rate of 25% (23). Additionally, patients with
HFrEF and T2DM have higher hospitalisation rates and longer length of stays
compared to those without T2DM (81). Notably, in HF patients the burden of CRM-
related conditions is substantial in terms of the cost burden and all-cause hospital
admissions and this is further amplified in the T2DM population (82). In 2012, it was
estimated that the direct and indirect costs of HF amounted to ~£2.0 billion and £888

million, respectively (23, 78, 79).

Inpatient care or critical care account for more than 90% of health care costs during
the last three months of a HF patient’s life (85). Informal care costs can also rise with
increasing hospitalisations and caregivers burden also significantly impacts both

leisure time and productivity as caregiving responsibilities result in 28 hours per week
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of time commitment (86-88). Furthermore, there is a high proportion of patients in the
UK with underdiagnosed or undertreated chronic HF, which is associated with high
costs and increased risk of death (89). The substantial economic burden indicates a
need to reduce HF hospitalisation costs given that this is a dominating contributor

towards total HF costs in the UK.

B.1.3.1.5 Humanistic burden

e Heart failure has a substantial impact on patient’s and carer’s quality of life affecting their
social, emotional and psychological well-being (35).

e Patients with HFrEF are known to have significantly lower QoL than patients with HFmEF
and HFpEF (90).

Heart failure has a significant impact on patient’s physical and emotional well-being.
Often, the Kansas City Cardiomyopathy Questionnaire (KCCQ) is used to quantify
humanistic burden in HF patients (on a scale between 0 and 100), since it is an
established patient-reported measure of health status, is valid, reliable, sensitive,
specific and responsive to HF quality of life (91, 92). The KCCQ domains quantify the
patient’s perception of their health status including HF symptoms (frequency and
burden), physical and social limitation and QoL, with higher scores indicating better
health status, lower symptom burden and better HRQoL (91, 92). This compares to
the NYHA classification which is a physician’s interpretation of patient’'s symptoms,
and can often lead to biased assessments, whereas the KCCQ is a more robust,
patient-centric questionnaire and is likely to be used more commonly in clinical trials

given the sound KCCQ psychometric properties (32, 91, 92).

Physical well-being of HF patients was reported in several UK studies, where patients
experienced a range of symptoms including breathlessness, reduced sleep quality,
frailty, cognitive/psychomotor impairment, respiratory symptoms and chest pain (20,
56, 93). One UK study reported a continuous quality of life difference in chronic HF
patients compared to those without HF, where on average a 16% reduction in physical
activity was observed (93). The impact of heart failure on emotional well-being is

significant. Patients have often reported feeling overwhelmed, frustrated, limited and
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worried, particularly around the caring for their children/spouses and the impact it has

on their self-confidence (35).

Equally, carer’s health as a result of carer’s responsibilities were also significantly
impacted by stress (35%), moderate to severe anxiety/depression (32%), emotional
strain (33%), physical (33%) or mental (31%) tiredness and pain/discomfort (29%)
(88). The substantial reduction in patient’s physical and emotional well-being are even
associated with a higher risk of mortality (56, 90, 93-97). Quality of life and risk of

mortality are further impacted when patients are hospitalised with HF (97).

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved
Page 32 of 200



B.1.3.1 Clinical pathway of care

B.1.3.1.1 Current standard of care

e The National Clinical Guideline 106 (NG106) recommends a sequential approach to
management of chronic HF, ACEi or ARBs in combination with a BB comprising the first
line of treatment that can be prescribed and monitored in primary care or by HF
specialists (34).

e Specialist treatments for HFrEF patients who remain symptomatic on standard care
(sacubitril valsartan, ivabradine, hydralazine and nitrate, and digoxin) serve a limited
population in clinical practice (34).

e Although NG106 aims to standardise provision of HF services, the quality of HF care
varies with regards to diagnosis, follow-up, tools to quantify HF symptom severity,
patients’ well-being and rehabilitation programmes (23, 35, 39, 80).

¢ In clinical practice, a large proportion of patients do not receive the guideline-
recommended doses of standard treatment because of comorbidities and side effects.
In the UK, the average doses of ACEi/ARB and BB received by HF patients comprise
just 48% and 40% of the recommended dose, respectively, which are associated with
greater risk of death and/or HHF (61, 62, 77).

e Inthe UK, HF care pathways are variable and optimisation of current treatments can be
considerably longer than recommended (20, 34). Restrictions on prescribing of
SGLT2is risk exacerbating this trend and widening the gap in health inequalities.

¢ Continued use of evidence-based guidelines in conjunction with long-term prevention
programmes, multidisciplinary care (e.g. GPs with specialist interest and nursing
specialists in primary care) and interventions to control cardiometabolic risk factors are

required to improve HF outcomes (23, 39, 80).

NICE clinical treatment pathway

The diagnosis of HF is multifactorial and encompasses detailed clinical history,
physical examinations, electrocardiograms (ECG), stress tests, chest x-rays, coronary
angiograms, cardiac computerized tomography (CT) scans, magnetic resonance
imaging (MRI), myocardial biopsies and laboratory tests. Given the uncertainties that
are intrinsic to a clear diagnosis of HF on physical examination alone, and the outcome
for patients left undiagnosed, the NICE and ESC guidelines recommend testing of
serum N-terminal pro-B-type natriuretic peptide (NT-pro-BNP) in people with
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suspected heart failure as essential diagnostic tool (Figure 2) (20, 34). The NT-pro-
BNP level however cannot differentiate between HFrEF and HFpEF. Transthoracic
echocardiography is required for confirmatory diagnosis and to inform classification of

HF, which in turn, guides the management of the condition (20, 34).

Figure 2. Chronic heart failure diagnostic pathway

Chronic heart failure: diagnosis NICE eigrlingtivefor

Heaifh and Care Excellence
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heart failure examination
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peak flow or spirometry
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{© NICE 2018, All rights reserved. Subject to Notice of rights ichronic heart failure The guideline also covers management_ See the original guidance at wie nice org uk/guidance/NG106

Abbreviations: ECG, electrocardiogram, NT-pro-BNP, N-terminal prohormone brain natriuretic peptide.
Source: NICE guideline NG106 (34)

Following HFrEF diagnosis, the main goals of the treatment are improvement in
prognosis, physical functioning, and symptom burden. The NICE guideline for HFrEF
management recommends a sequential approach, with available pharmacotherapies

divided into the first line and the specialist treatments (Figure 3) (34).
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Figure 3. Chronic heart failure NICE treatment pathway

*Measure serum sodium and potassium and assess renal function before and after starting and after each dose increment. If
estimated glomerular filtration rate (eGFR) is 30 to 45 ml/min/1.73m?, consider lower doses or slower titration of ACEi or ARBs,
MRASs, sacubitril valsartan and digoxin.

Abbreviations: ACEi angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor-blocker; BB, beta-blocker; MRA,
mineralocorticoid receptor antagonist.

Source: Adapted from NICE guideline NG106, 2018 (34)

First line treatments are the most relevant comparators to consider for this appraisal.
The first line treatment comprises an angiotensin-converting enzyme inhibitor (ACEi)
(or angiotensin receptor-blocker (ARB) if intolerant to ACEi) and a beta-blocker (BB)
(34). Diuretics are also used routinely in the first line treatment to provide symptomatic
relief, particularly in the presence of oedema, but without direct evidence of survival
benefit. If symptoms continue, mineralocorticoid receptor antagonists (MRA) can be
added to the ACEi or ARB if there is no evidence of hyperkalemia (34). Health care
professionals are advised to reach the target dose for each drug class before
prescribing another drug class. Although general practitioners can prescribe and titrate
ACEIi/ARB to their maximum tolerated dose (MTD), in clinical practice, the setting for
initiation and up-titration of first line treatments varies depending on geographic region
and advice from a HF specialist is often sought due to limited confidence among
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general practitioners’ (34, 35). A HF specialist could be a cardiologist, HF nurse or
pharmacist. The MRA initiation is commonly carried out by a HF specialist owing to

the risk of hyperkalemia, hypertension, or renal impairment (34, 35).

Specialist treatments are considered when symptoms persist after dose optimisation
of standard of care (SoC) therapy with ACEi/ARB, BB and/or MRA combination, and
require supervision of a HF specialist with access to a multidisciplinary team during
initiation and optimisation. Figure 3 outlines the available specialist treatments, which

include:

e Sacubitril valsartan (Entresto®) as an alternative to ACEi or ARB in patients with
continuing NYHA class Il-IV symptoms and LVEF < 35%

e Addition of ivabradine to the SoC for patients in sinus rhythm with a heart rate =
75 beats per minute and LVEF < 35%

e Addition of hydralazine and nitrate especially in patients of African-Caribbean
descent with moderate to severe HF, or in patients who can tolerate neither an
ACEi nor an ARB

e Digoxin in patients with worsening or severe HFrEF with sinus rhythm and

reduced renal function.

For patients who have HFrEF and CKD (eGFR <45ml/min/1.73m?), lower doses and/or
slower titration of ACEi or ARBs, MRAs and digoxin should be considered. The NICE
recommendations for HFrEF diagnosis and treatment are consistent with guidelines
of the European Society of Cardiology (ESC) (20, 34).

Clinical practice and heart failure services

Evidence suggests that the treatments for HF patients recommended in the clinical
guidelines have been widely adopted in the UK clinical practice (20, 34). A high
proportion of HFrEF patients in the UK have been reported to receive ACEI/ARB (70-
85%) and BB (89%) in the National Heart Failure Audit, and other retrospective studies
have confirmed this trend (ACEi/ARB, 81.0%; BB, 73.1%) (41, 43, 98). The treatment
rates with MRA (27.0%), digoxin (15.3%), ivabradine (3.0%) and hydralazine/nitrate
(0.6%) were considerably lower, in line with their more restrictive eligibility criteria and

contraindications (MRA, ivabradine, hydralazine/nitrate) and less certainty regarding
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health benefits (digoxin) (43). The low uptake of ivabradine, hydralazine/nitrate and
digoxin, which are often used to treat comorbid conditions common in HF population
(stable angina pectoris, hypertension and dysrhythmias, respectively) rather than HF
per se, suggests that these treatments are not relevant for the broad population of
HFrEF patients in which empagliflozin in indicated (43). This is consistent with the
NICE technology appraisal for dapagliflozin (TA679), where clinical experts fed back
that ivabradine, hydralazine and nitrate, and digoxin are used in a specialist setting

only and were not relevant comparators for dapagliflozin (6).

Current first line SoC treatments are non-curative and often require gradual up-titration
to the achieve guideline-recommended dose associated with the optimal clinical
benefit (34). Health care professionals are advised to up-titrate each drug class to its
recommended dose before prescribing another drug class (34). However, in clinical
practice across Europe, most HFrEF patients receive suboptimal daily doses of
ACEi/ARBs and BBs: after up-titration in patients with new onset or worsening
symptoms of existing HFrEF, only 22% reached the recommended dose of ACEi/ARB
and 12% reached the target BB dose (61, 62, 77). Advanced age, low heart rate and
comorbidities such as asthma and hypotension were the main predictors of lower than
target dose of BB, while female gender, lower BMI and renal impairment were the main
reasons behind suboptimal ACEiI/ARB doses (61, 62, 77). Crucially, reaching less than
50% of the target ACEI/ARB and/or BB dose is associated with a higher risk of
mortality and combined endpoint of death or HHF compared to those reaching 100%
of the recommended dose (ACEi dose 1-49%: combined HR 1.23, 95% CI 1.09-1.36;
BB dose 1-49%: combined HR, 1.27, 95% CI 1.15-1.39). Furthermore, many patients
receiving suboptimal doses of SoC who remain symptomatic are ineligible for MRAs
or sacubitril valsartan due to declining renal function and/or CKD, which limits their

treatment options (35).

There are also inconsistencies between the guidelines and clinical practice in HF
service settings (e.g. hospital-based, community-based, hospital and community-
based or hospital with community work) (34, 39). Optimal management of chronic HF
requires optimisation of pharmacological treatment, nursing support and treatment of
comorbidities and should be delivered by a multidisciplinary team (MDT) (34, 39).
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Ideally, the MDT should integrate the community and hospital care, and consist of a
consultant cardiologist, a specialist heart failure nurse, GP, pharmacist,
physiotherapist, palliative care, psychologist, occupational therapist and
administrators (38). The objective of the heart failure MDT is to ensure patients receive
continuous, individualised care, which is responsive to their changing needs when

transitioning between primary and secondary care (38).

In the UK clinical practice, however, the structure and provision of HF care varies
considerably by geographic location and is not always consistent with the current
guidelines (34, 39). Variation has been observed in access to natriuretic peptide
testing for diagnosis and monitoring, use of validated tools to quantify the severity of
symptoms and monitor quality of life and in the availability and uptake of rehabilitation
programmes (39, 99). Although the availability of echocardiography services for HF
diagnosis is generally high, limited knowledge of the interpretation of results in primary
care results in frequent referral to specialist HF clinics and delays in diagnosis.
Importantly, the variability in service provision has an adverse impact on the follow-up
and monitoring of pharmacological management (39, 99). A substantial proportion of
GPs do not routinely initiate diuretics (23%), ACEi (22%) or BBs (38%) for HF with left
ventricular systolic dysfunction for reasons that include challenge of managing renal
comorbidities and side effects of the HF polypharmacy, with the added burden of dose

titration and monitoring (93).

A recent Clinical Practice Research Datalink (CPRD) study identified that eight out of
ten HF cases in England are diagnosed after emergency hospital admission for acute
HF symptoms, while fewer than a quarter of those with HF symptoms recorded in
primary care follow the recommended clinical pathway for investigation and specialist
referral (100, 101). This divergence of practice from the guideline has serious
implications for HF outcomes given a significantly higher risk of all-cause mortality in
the hospital-diagnosed compared with the community-diagnosed HF patients (HR
1-55, 95% CI, 1-53 - 1-58) (102). Furthermore, only half of HF patients in the UK are
reviewed within the target two weeks from the initiation of change of medication due

to capacity and staffing limitations (39). Hence, dose optimisation of current treatments
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can take six months or longer (NICE recommends six weeks), resulting in a delayed
mortality and morbidity benefit from the SoC (101, 103). Significant unmet need in
chronic HF therefore stems from suboptimal implementation of the clinical guideline,
in particular in relation to access to a HF consultant and specialist nurses (35, 39).
COVID-19 has severely impacted delivery of care and patients are less likely to seek
medical care for any HF symptoms they experience (B.1.4), (15). COVID-19 has
exacerbated pre-existing health inequalities, as patients in a lower socioeconomic
group were less likely to seek medical attention in secondary care before the
pandemic. The impact is significant. HF is also a risk factor for COVID-19 (104, 105).
Additionally, HF patients with a lower socio-economic status were already more likely
to have worse CV outcomes than those with a higher socio-economic status. Patients
with chronic heart failure were 17% more likely to die of COVID-19 than those who did
not(106).

B.1.3.1.2 Unmet need

Patients with chronic HF continue to experience high mortality and morbidity, high
symptom burden, reduced functional capacity and poor QoL.

Most HFrEF patients are on suboptimal doses of ACEis, ARBs and BBs due to
comorbidities and tolerability issues, as well as delays in dosing optimisation in
secondary care, which contributes to their poor prognosis (66, 81).

Concurrent improvements in the timely diagnosis of HFrEF and the existing treatment
paradigm (i.e. simultaneous sequencing and dose optimisation of available therapies)
remain the key priorities in delivery of HF care.

Improving the existing treatment paradigm will take time and there remains a
significant residual risk associated with HFrEF. There is an urgent need for disease-
modifying therapies that are available across primary and secondary care that have
an immediate impact on patient prognosis and QoL without dose-limiting side effects.

This will be important for post COVID-19 recovery.

As mentioned in B.1.3.1.2, chronic HF affects around 1 million people in the UK, of
which up to two-thirds are estimated to have HFrEF (9, 107). More than half of all HF

patients die within five years from diagnosis, with cardiovascular disease as the most
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common cause of death (57). The prevalence and severity of HF and HFrEF at onset
are expected to increase in the next decade due to an aging population, overall
population growth and the rising risk of diabetes mellitus, obesity and CKD, the known
risk factors for HF (10).

The mortality and morbidity of HF remain high due to a number of factors, including
late diagnosis that most often occurs after emergency admission for acute HF
symptoms, delays in optimisation of pharmacological therapy, widening socio-
economic inequalities and variation in access to HF care depending on location (9, 39,
100, 103). Further, with each subsequent hospitalisation, the risk of an unplanned
death increases, reducing the opportunity for a patient to choose how they want to die
(B.1.3.1.3) (9, 39, 100, 103). Significant divergence of clinical practice from the NICE
guideline leads to poorer outcomes, as patients diagnosed after hospitalisation have
significantly higher all-cause mortality compared to the community-diagnosed group,
and those whose treatment pathway does not, at least partially, adhere to the
guideline, have an increased risk of HHF (101, 102). In 2018/19, there were more than
100,000 hospital admissions for HF in the UK, an increase of almost a third compared
to 2013/14 (102, 108).

Although the existing HFrEF treatments, ACEiI/ARBs, BBs, MRA and sacubitril
valsartan, are associated with reduced mortality, many patients do not receive the
recommended doses of treatment due to age and comorbidities, particularly
hypotension, renal impairment and asthma, and are at a greater risk of death and/or
HHF than those receiving the target doses of ACEi/ARB and BB (61, 62, 77). The
failure to achieve recommended dosing is also partly attributable to adverse events
associated with current therapies (e.g. hypotension, renal function decline, and
hyperkalemia) as well as the duration of time required to up-titrate to MTD (= 6
months), with patients less likely to adhere to lengthy treatment process without the
immediate clinical improvement (61, 62, 77, 103). Furthermore, the safety profile of
sacubitril valsartan limits its dose or precludes its prescribing in a large subset of
HFrEF patients with hypotension, electrolyte imbalance or comorbid CKD (40). Other

specialist HFrEF treatments, ivabradine, hydralazine with nitrate, and digoxin are
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rarely prescribed in clinical practice and are primarily used to treat comorbid conditions

common in HF population such as angina and arrythmias (6, 43).

Concurrent improvements in the timely diagnosis of HFrEF and the existing treatment
paradigm (i.e. simultaneous sequencing and dose optimisation of available therapies)
remain the key priorities in delivery of HF care. Greater involvement of GPs with
specialist interest (GPwSI) and specialist nurses in primary care, who are
knowledgeable in diagnosis and management of HF could support these
improvements. The GPwSI could upskill GPs and specialist nurses to facilitate earlier
diagnosis, initiation and monitoring of HF treatments that reduce risk of emergency

hospitalisation and thus reduce the healthcare burden of HF (111, 112).

Optimisation of the existing treatment paradigm will take time and there remains a
significant residual risk associated with HFrEF. Thus, there is an urgent need for
disease-modifying therapies that are available across primary and secondary care that
have an immediate impact on patient prognosis and QoL without dose-limiting side

effects. This will be important for post COVID-19 recovery.

B.1.3.1.3 Positioning of empagliflozin in the UK treatment pathway

¢ Empagliflozin as an add-on to SoC leads to a significant reduction in the risk of CV
death or HHF, and a sustained improvement in renal outcomes and HRQoL compared
to SoC alone (109).

e As empagliflozin requires no dose adjustment, it could be initiated in primary care,
reducing capacity burden in secondary care (112-114); a major cause of delay in
optimising patients’ SoC treatment according to NG106.

e With broad prescribing of empagliflozin across primary and secondary care, there is an
opportunity to maximise outcomes for HF patients immediately.

e Broad prescribing of empagliflozin across primary and secondary care reduces the risk
of widening the gap in health inequalities seen in HF patients as a result of COVID-19
(B.1.4).

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved
Page 41 of 200



Based on the population studied in the pivotal phase Ill study EMPEROR-Reduced,
the optimal positioning for empagliflozin in the NICE pathway is as an add-on to ACEi
or ARBs plus BB, and/or MRA therapy for HFrEF patients with or without comorbidities,
who continue to be symptomatic while receiving stable, but not necessarily optimised
doses of SoC (Figure 4).

Figure 4: Empagliflozin in the HFrEF treatment pathway

Proposed
. positioning of
ST empagliflozin

reduced ejection
fraction

*Measure serum sodium and potassium, and assess renal function before and after starting and after each dose increment. If
eGFR is 30 to 45 ml/min/1.73m?, consider lower doses or slower titration of ACEi or ARBs, MRAs, sacubitril valsartan and digoxin.
Abbreviations: ACEi angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor-blocker; BB, beta-blocker; MRA,
mineralocorticoid receptor antagonist

Source: Adapted from NICE guideline NG106, 2018 (34)

The preferred positioning for empagliflozin (in light green box) is in primary care in recently diagnosed symptomatic patients who
receive SoC (e.g. ACE, BB, ARB), but not necessarily with optimised dosing

In this positioning, the relevant comparators for empagliflozin are:
¢ Individualised standard care defined as

o ACEi in combination with a BB, and/or MRA

o ARB in combination with a BB, and/or MRA

o0 Sacubitril valsartan in combination with BB, and/or MRA
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This is consistent with the perspective of UK clinicians Bl have consulted. Further, a

majority of HFrEF patients in the UK receive at least one of these products (Table 2).

Evidence for the comparison against individualised standard care stems from
EMPEROR-Reduced trial, which showed empagliflozin to be an effective add-on to
first line therapies, regardless of the dose used for these therapies (B.2) (109, 110).
The composite primary outcome in EMPEROR-Reduced showed that 19.4% of
patients receiving empagliflozin plus SoC vs. 24.7% receiving SoC alone experienced
either a HHF or CV death event (ITT, HR 0.75, 95%CI, 0.65 - 0.86, p<0.001) (109).
Empagliflozin plus SoC also demonstrated an improvement in kidney outcomes. A
composite renal outcome (chronic dialysis or renal transplantation or a profound,
sustained reduction in the eGFR) occurred in 30 patients (1.6%) in the empagliflozin
plus SoC and in 58 patients (3.1%) in the SoC alone group (ITT, HR 0.50; 95% CI,
0.32 - 0.77). Empagliflozin has an established safety profile, requires no dose
adjustment and thus no additional clinical time is needed to optimise a patient’s
treatment (109). Empaglifizoin has demonstrated improvement in HF-related
outcomes across a broad range of populations including the presence or absence of
T2DM and/or CKD, use of sacubitril valsartan at empagliflozin initiation, baseline

health status as measured by KCCQ, younger or older age (109, 111-113).

Comparative analyses of empagliflozin vs dapaglflozin are provided in B.2.8 upon the
request of the ERG and NICE Technical team; however these are secondary. It is clear
from Table 2 that prescribing of dapagliflozin is not SoC at the time of submission,
there is minimal scope for displacement, and hence we do not regard this comparator

of primary relevance to the decision problem.

A NICE recommendation for empagliflozin in HFrEF will likely have a positive impact
on the existing pathway. General practitioners’ experience with prescribing SGLT2i in
T2DM and there being no requirement for dose adjustment should facilitate initiation
of empagliflozin in HFrEF patients within primary care (114). A recently proposed
algorithm for sequencing of HFrEF treatments suggests early initiation of a BB and an
SGLT2i with stable HFrEF and normal fluid balance, in parallel with referral for

specialist treatments, could maximise prevention of deaths and HHF by avoiding

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved
Page 43 of 200



delays caused by sequential prescribing after dose optimisation of previous regimen
((103, 115)).

B.1.4 Equality considerations

Socio-economic inequalities in CV disease present a major and persistent UK public
health challenge. The UK-based population studies demonstrate that socio-economic
deprivation is a strong risk factor for the development of HF and adverse HF outcomes
(9, 10). Individuals in the lowest socio-economic group are 1.61 times more likely to
experience incident HF than the most affluent individuals and do so, on average, at a
3.5 years younger age with a greater comorbidity burden at time of HF symptom onset
(9). Furthermore, the socio-economic status is associated with a diverging trend in HF
outcomes in England, whereby patients from the most deprived group have a
significantly higher risk of all-cause (HR, 1.17; 95% CI,1.14-1.21) and CV mortality
(HR, 1.18; 95% CI, 1.14-1.23) than the most affluent ones (102).

Since the early 2000s, the socio-economic gradient in HF incidence and outcomes

has been widening:

e The mean age at diagnosis increased by 2.45 years (95% ClI, 1.58-3.32) among
the most affluent but tended to decrease among the most deprived (9).
e The annual risk in HHF has increased by 1.6% (95% ClI, 0.6-2.6) for the most

deprived compared to a stable risk for the most affluent group (102).

The inequality in access to specialist care in the UK may be one of the drivers of the
observed trends in HF. After controlling for need, richer individuals tend to consume
more public and private specialist visits, but not family physician visits, than those from
a lower socio-economic class, and experience significantly shorter waiting times for a
coronary revascularisation procedure at the same public hospital (11, 116). The
prominent role of a secondary care specialist in all aspects of HF care (including
diagnosis, management, and initiation of new medicines) that can only be accessed
upon referral from a GP, could therefore be contributing to the observed socio-

economic disparities in clinical characteristics and outcomes of HF (34).
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The choice of setting for empagliflozin initiation in primary care or under specialist
supervision is thus a highly pertinent public health issue. Broad prescribing of
empagliflozin across primary and secondary care can support the reduction in disparity
in access to HF care across socio-economic groups within the UK, given that
empagliflozin significantly improves CV and renal outcomes of HFrEF patients in an
early, sustained manner and prevents hospitalisations for HF compared to SoC (109,
113). Itis the only HFrEF treatment that can simultaneously provide cardiac, renal and
glucose-lowering benefits to the large subset of patients with comorbid diabetes and/or
severe renal impairment (€GFR 20 to 30 mL/min/1.73m?), which are more likely to
coexist in the most deprived patients (10). Limiting initiation of empagliflozin to
secondary care specialists could lead to a delayed and/or lower uptake of
empagliflozin among the most socioeconomically disadvantaged groups as they
consume fewer specialist visits and present to health care providers at a later stage of
illness (116). Delayed exposure to the benefits of SGLT2 inhibition may in turn widen

the existing divide in HF outcomes between socio-economic classes in England.

The current COVID-19 pandemic may further reinforce this trend through significant
disruption in the provision of all types of cardiology services including outpatient and
community HF services (117). Patterns of past care suggest that the elderly and those
living in deprived areas are most likely to be disproportionately affected by increased
waiting times for cardiology appointments (11, 118). With a condition that has a 1-year
mortality of approximately 24% and is the leading cause of hospital readmissions, a
long wait for a HF specialist appointment may have grave consequences for

socioeconomically disadvantaged HF patients in England (57).

In this health technology appraisal, equity of access to empagliflozin among HFrEF
patients from all socio-demographic groups is an important consideration. A
recommendation by NICE that facilitates broad prescribing of empagliflozin across
primary and secondary care and its classification as “green” on local/regional
formularies would support this objective. This in turn will support the overarching goal
of reducing inequity in access to care for HFrEF patients, in line with NICE’s Social
Value Judgments, pillar 3 of NICE’s new 5-year strategy (13, 14) and the conclusions
from the Marmot COVID-19 Build Back Fairer review(15).
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B.2 Clinical effectiveness

e EMPEROR-Reduced was an event-driven, double-blind RCT which enrolled 3730 patients
with moderate to severe HFrEF (LVEF<40%, NYHA II-1V) randomly assigned to receive
empagliflozin (N=1863) or placebo (N=1867) in addition to all appropriate treatments for HF

¢ After a median follow-up of 16 months, empagliflozin significantly reduced the risk of death
from CV causes or hospitalisation for HF compared to placebo (HR, 0.75; 95%CI,0.65-0.86;
p<0.001)

e Empagliflozin was superior to placebo with respect to key secondary endpoints:

o It led to a significant reduction in the total number of hospitalisations for HF (HR,0.70;
95% ClI, 0.58-0.85; p<0.001) vs placebo

0 The rate of the decline in the estimated GFR was slower in empagliflozin group
compared to placebo group over the duration of the double-blind treatment period
(between group difference, 1.73ml/min/1.73m? per year; 95%Cl, 1.10-2.37; p<0.001)

e Empagliflozin was also superior to placebo in several exploratory endpoints:

0 Reduced risk of an adverse renal outcome (composite of chronic dialysis, renal
transplantation or a profound, sustained reduction in eGFR) (HR, 0.50; 95%CI, 0.32-
0.77)

0 Reduced occurrence of all-cause hospitalisation (HR, 0.85; 95%Cl, 0.75-0.95)

o0 Improvement in QoL score on KCCQ at 52 weeks (HR, 1.7; 95%Cl, 0.5-3.0)

¢ The impact of empagliflozin on exploratory endpoints CV mortality and all-cause mortality was
numerically favourable but not statistically significant (HR, 0.92; 95%Cl, 0.75 - 1.12) and HR,
0.92; 95% ClI, 0.77-1.10)

e The HF and renal benefits of empagliflozin were consistent across subgroups of HFrEF
patients defined by age, gender, use of neprilysin inhibitor, presence or absence of diabetes
and/or CKD

¢ In diabetic patients, the effect of empagliflozin effectively negated the deleterious effect of
diabetes on the risk of adverse CV and renal outcomes

e Empagliflozin improves CV and renal outcomes of HFrEF patients including those with an
estimated eGFR of 20 ml/min/1.73m?
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B.2.1 Identification and selection of relevant studies

A systematic literature review (SLR) was conducted to identify from the published
literature randomised controlled trial (RCT) evidence on the efficacy and safety of
empagliflozin and relevant comparators in patients with chronic HF (NYHA class II-1V)
with reduced LVEF. Full details of the process and methods used to identify and select
the clinical evidence relevant to the technology being appraised are described in

Appendix D.

Searches of Medline® and Embase® (via Embase.com), Medline in-Process® (via
PubMed.com) and the Cochrane Library were performed on 14 May 2020, and
subsequently updated on 8 October 2020. The search of electronic databases was
supplemented with a desk search of conference proceedings, last conducted on 12
October 2020.

The eligible studies encompassed all RCTs evaluating efficacy of pharmacological
interventions used in the treatment of adults (age = 18 years) with chronic HFrEF. The
search strategy was designed to be broad and to encompass all interventions that
currently comprise the SoC, as well as recently approved interventions and
investigational agents for the management of chronic HF (eligibility criteria are shown
in Table 6 in Appendix D). All studies meeting the pre-specified PICOS eligibility
criteria were retained; only studies of empagliflozin and interventions likely to be
compared to empagliflozin were extracted in full [i.e. studies of SGLT2 inhibitors and
ARNi (sacubitril valsartan)].

The EMPEROR-Reduced trial compared empagliflozin with the NHS SoC, and is
therefore the primary source of clinical evidence in the economic model. The SLR
identified six citations describing the design and outcomes of the pivotal trial of
empagliflozin in HFrEF, EMPEROR-Reduced (109, 119-123). A full list of studies that

were included and excluded during the SLR is provided in Appendix D.

B.2.1.1 Clinical trials with empagliflozin 10 mg (Jardiance®)
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Empagliflozin is being investigated in the EMPOWER clinical trial programme. The

most comprehensive development programme for an SGL2T inhibitor to date,

EMPOWER is comprised of nine clinical trials and a real world evidence study that

have been designed to evaluate the impact of empagliflozin on cardiovascular and

renal outcomes of patients across the spectrum of CRM disorders (Table 9).

Furthermore, the aim of the programme is to advance the scientific understanding of

the pathophysiology of cardiorenal interactions and enable a holistic management of

the interconnected CRM organ system.

Table 9. Overview of the studies comprising the EMPOWER clinical trial
programme for empagliflozin

Study
name

Study
identifier

Main
objective

Status

Relevant for this appraisal & reason

EMPEROR-
Reduced

NCT03057977
(124)

Efficacy &
safety of
empagliflozin
in prevention
of CV death
and
hospitalisation
due to HF in
adults with
chronic HFrEF
with or without
T2DM

Completed

Yes; meets the PICO criteria as
defined in the decision problem

EMPEROR-
Preserved

NCT03057951
(125)

Efficacy &
safety of
empagliflozin
in prevention
of CV death
and
hospitalisation
due to HF in
adults with
chronic
HFpEF with or
without T2DM

Ongoing

No; population not relevant for the
decision problem

EMPERIAL-
Reduced

NCT03448419
(126)

Effect of
empagliflozin
on functional
ability and
PROs in
adults with
chronic HFrEF
with or without
T2DM

Completed

No; primary outcome not relevant for
the decision problem; QoL secondary
endpoint measured using PROs not
recommended by the NICE reference
case (85)
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Study
name

Study
identifier

Main
objective

Status

Relevant for this appraisal & reason

EMPERIAL-
Preserved

NCT03448406
(127)

Effect of
empagliflozin
on functional
ability and
PROs in
adults with
chronic
HFpEF with or
without T2DM

Completed

No; population not relevant for the
decision problem

EMPA-REG
OUTCOME

NCT01131676
(128)

Efficacy &
safety of
empagliflozin
in prevention
of major
adverse CV
events,
including CV
death, in
adults with
T2DM and
established
CV disease

Completed

No; population not relevant for the
decision problem

EMPULSE

NCT04157751
(129)

Efficacy of
empagliflozin
in improving
clinical and
PRO
outcomes in
adults
hospitalised
for acute HF

Ongoing

No; population not relevant for the
decision problem

EMPA-
KIDNEY

NCT03594110
(130)

Effect of
empagliflozin
on
progression of
kidney
disease and
the
occurrence of
CV death

in patients

with pre-
existing CKD

Ongoing

No; population not relevant for the
decision problem

EMPA-
VISION

NCT03332212
(131)

Effects on
cardiac
physiology
and
metabolism in
patients with
HF

Completed

No; the study outcomes not relevant
for the decision problem
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Study
name

Study
identifier

Main
objective

Status

Relevant for this appraisal & reason

EMPACT-
Mi

NCT04509674
(132)

Efficacy of
empagliflozin

Ongoing

No; population not relevant for the
decision problem

in improving
outcomes and
preventing HF
in adults
hospitalised
with an acute
Mi

EMPRISE NCT03363464

(133)

EUPAS20677
(134)

Real world
comparative
effectiveness,
safety,
healthcare
resource
utilisation and
costs of
empagliflozin
versus DPP-4
inhibitors in
T2DM in
routine clinical
care

Ongoing No; population not relevant for the

decision problem

Abbreviations: CKD, chronic kidney disease; CV, cardiovascular; HF, heart failure; HFrEF, heart failure with reduced ejection
fraction; HFpEF, heart failure with preserved ejection fraction; MI, myocardial infarction; PROs, patient-reported outcomes; T2DM,
type 2 diabetes mellitus

Of the studies listed in Table 9, the EMPEROR-Reduced trial provides the main
evidence base for clinical efficacy and safety of empagliflozin in the population of HF

patients with reduced left ventricular ejection fraction (LVEF < 40%).

EMPEROR-Reduced (NCT03057977) was an international phase lll trial from the
EMPOWER programme that investigated the effect of empagliflozin versus placebo in
addition to guideline-recommended therapy on the combined risk of CV death and
HHF in approximately 3,730 patients with chronic HF and reduced LVEF (LVEF <
40%), with or without diabetes. It also evaluated the effects of empagliflozin on
recurrent hospitalisation events, renal function, CV death, all-cause mortality, and
change in KCCQ clinical summary score (124). The rational for the design of
EMPEROR-Reduced was that the data from EMPA-REG OUTCOME was not
sufficient to demonstrate efficacy of empagliflozin in patients with chronic HF,
especially those at increased risk of an outcome event. EMPEROR-Reduced trial was
therefore enriched for patients with a markedly reduced ejection fraction and increased
levels of natriuretic peptides as specified in the inclusion criteria
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Table 11). The trial enrolled patients from nine UK sites, increasing its relevance to
the NHS clinical practice. External validity of the trial is strengthened by the protocol
requirement for patients to receive background HF treatment as per local guidelines.
The generalisability of the trial results to the NHS clinical practice is discussed further
in sections B.2.7, B.2.12, and B.3.2. Its outcomes provide the key clinical and QoL
inputs for the economic model of empagliflozin in HFrEF. Design and methodology of
EMPEROR-Reduced are described in section Table 10.

B.2.1.2 Non-randomised clinical effectiveness studies

Evidence from PULSE, a retrospective observational study of the burden of HF,
including HFrEF, in England, was used to characterise patients seen in the NHS
clinical practice and validate the long-term outcome predictions of the HFrEF cost-
utility model for patients treated with the SoC against the real world outcomes. Patients
with a diagnosis of HF recorded in the UK Clinical Practice Research Datalink (CPRD)
or Hospital Episode Statistics (HES) database between 1 January 2015 and 31
December 2019 were eligible for inclusion in the PULSE study (43). Based on the
availability of evidence of EF classification in CPRD records, the cohort was split into
rEF, pEF and “unknown EF” subpopulations. The study objectives were to determine
the incidence and prevalence of HF and HFrEF in England, estimate rates of HF- and
HFrEF-related hospitalisation, CV and all-cause mortality, and evaluate resource
utilisation over the study period. The outcomes of the PULSE study are therefore
relevant to the decision problem considered in the cost-utility analysis of empagliflozin
(Section B.3.2).

B.2.2 List of relevant clinical effectiveness evidence

The clinical evidence on empagliflozin as an addition to SoC in the treatment of chronic
HFrEF consists of one phase Il trial, EMPEROR-Reduced (Table 10). This pivotal trial
was the main source of clinical efficacy evidence in the cost-utility model described in

section B.3.

Table 10. Clinical effectiveness evidence: EMPEROR-Reduced trial

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 52 of 200



Study EMPEROR-Reduced (NCT03057977) (124)
Primary sources | Packer et al 2020 (109); Butler et al 2021 (120)

Additional EMPEROR-Reduced CSR (135)
sources

e Phase lll, randomised, double-blind, placebo-controlled trial with

Study design parallel assignment

e The trial was event-driven and all randomised patients remained
in the trial until the defined number of adjudicated primary
endpoint events had been reached

Population Adults with chronic HF NYHA class II-IV and reduced EF (LVEF <
40%) who have been diagnosed at least 3 months before screening,
with or without DM

e N=3730
e Age = 18 years

e Baseline natriuretic peptide levels higher than a pre-specified
concentration depending on the baseline EF (see Section
B.2.3.1.2)

e Appropriate dose of medical therapy for HF consistent with local
and international guidelines, stable for at least one week prior to
screening and during the screening period until randomisation
(between 4 to 28 days)

Intervention(s) Empagliflozin PO 10 mg once daily in addition to SoC (which could
include treatment with an ACEi, ARB, mineralocorticoid receptor
antagonist, beta-blocker and/or sacubitril valsartan)

Comparator(s) Placebo plus appropriate background medical therapy for HF

Does trial
support
application for Yes
marketing
authorisation?

Is trial used in
the economic Yes
model?
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Study EMPEROR-Reduced (NCT03057977) (124)
Reported The outcomes relevant for the decision problem include:
::;;ci)frizzsi nthe |°® ]:I(')i:’nl_e' Fto first adjudicated CV death or adjudicated hospitalisation
decision
problem e Occurrence of adjudicated hospitalisation for HF
e Decline in renal function
e Time to first occurrence of chronic dialysis, renal transplant or
sustained reduction of eGFR
¢ Time to first adjudicated hospitalisation for HF
e Cardiovascular mortality
e All-cause mortality
e Occurrence of all-cause hospitalisation
e Adverse effects of treatment
e Patient-reported outcome measured by KCCQ
e Health-related quality of life measured by EQ-5D-5L
All other e New onset of atrial fibrillation
reported e Adjudicated MI (fatal or non-fatal)
outcomes e Adjudicated stroke (fatal or non-fatal)
e Adjudicated TIA
¢ Incidence of acute renal failure
e Change from baseline in systolic blood pressure over time
e Change from baseline in diastolic blood pressure
¢ Change from baseline in pulse rate over time
e Change from baseline in HbA1c over time

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin Il receptor blockers; CSR, clinical study report;
CV, cardiovascular; DM, diabetes mellitus; EF, ejection fraction; EQ-5D, EuroQol five dimensions questionnaire; HbA1c, glycated
haemoglobin; HF, heart failure; eGFR, estimated glomerular filtration rate; KCCQ, Kansas City Cardiomyopathy Questionnaire;
LVEF, left ventricular ejection fraction; NYHA, New York Heart Association classification; MI, myocardial infarction; PO, per os;
SoC, standard of care; TIA, transient ischaemic attack.
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B.2.3 Summary of methodology of the relevant clinical

effectiveness evidence

B.2.3.1 Summary of methodology of the EMPEROR-Reduced trial
(NCT03057977)

EMPEROR-Reduced was an international phase Il study designed to evaluate the
long-term efficacy and safety of empagliflozin versus placebo in addition to guideline-
directed medical therapy in patients with symptomatic HFrEF (LVEF <40%) (121). The
trial had a double-blind, placebo-controlled, randomised design with parallel

assignment of participants in 1:1 ratio to one of the two treatment arms:

e Empagliflozin, 10 mg PO once daily in addition to SoC (a guideline-directed
medical therapy with ACEi/ARB or ARNI, beta-blockers and mineralocorticoid
receptor antagonists), or

e Placebo PO once daily in addition to the SoC.

The trial design is illustrated in Figure 5. Following a screening period lasting 4-28
days, patients who fulfilled all eligibility criteria were randomised to receive placebo or

empagliflozin daily in addition to their usual therapy for HF.

Figure 5. Design of EMPEROR-Reduced trial

Empagliflozin 10 mg daily \

Screening period Added to all Post-treatment period

appropriate therapy | == —————— - -
for heart failure of 30 days

Placebo

P ————— » Primary endpoint:
Median follow-up = 20 months ~Cardiovascular death
or hospitalization for

heart failure
Source: Adapted from Packer et al, 2019 (121). Anticipated median follow-up was 20 months. At the time of database lock on 14
July 2020, the median duration of follow-up was 16 months.

of up to 28 days

Randomization

End of treatment
assessment
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Randomisation was performed using a permuted block design with a computer

pseudo-random number generator and was stratified by:

e geographical region (North America, Latin America, Europe, Asia or “Other”),

e history of diabetes (diabetes, pre-diabetes and no diabetes), and

e estimated glomerular filtration rate [eGFR by the Chronic Kidney Disease -
Epidemiology Collaboration Equation (CKD-EPI) equation] at screening <60 or =
60mL/min/1.73 m>.

Following randomisation, all appropriate treatments for HF or other medical conditions
were initiated and individualised at the discretion of each subject’s physician. Patients

were evaluated periodically at pre-specified study visits.

The primary objective of the EMPEROR-Reduced was to compare the time to first
event of adjudicated CV death or adjudicated HHF among patients taking
empagliflozin relative to those taking placebo in addition to their standard cardio-renal-
metabolic therapy. The trial also evaluated the effects of empagliflozin on recurrent

HHF, renal function, cardiovascular death, all-cause mortality, and QoL.

EMPEROR-reduced was an event-driven trial and all randomised patients remained
in the study until the defined number of adjudicated primary endpoint events were
reached. As such, EMPEROR-Reduced was appropriately designed to determine if
the addition of empagliflozin can improve outcomes of HFrEF relative to current
approaches that have established benefits in the treatment of chronic HF with reduced
ejection fraction. Aspects of the trial methodology are described in more detail below
in accordance with the CONSORT statement (136).

B.2.3.1.1 Changes to trial design

The description of EMPEROR-Reduced methodology outlined in this submission is
based on the revised study protocol number c09098452-04 which was issued on 20

November 2019 and incorporates Global Amendment 3.0.
B.2.3.1.2 Eligibility criteria for study participants
Adult patients with HFrEF (LVEF < 40%) diagnosed at least 3 months before screening

and in the functional NYHA class IlI-IV were eligible for enrolment in EMPEROR-
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Reduced. The intent of the trial was to recruit HFrEF patients whose expected event
rate for the combined risk of CV death and HHF was at least 15% per year. The trial
protocol therefore required that baseline levels of N-terminal prohormone B-type
natriuretic peptide (NT-pro-BNP) exceed pre-defined levels which varied depending

on the EF, as described in
Table 11.

Table 11. Inclusion and exclusion criteria of the EMPEROR-Reduced trial

Inclusion e Males and females aged = 18 years of age

criteria e Patients with chronic HF diagnosed for at least 3 months before Visit 1
(screening), and currently in HF NYHA class II-IV

e Chronic HF with reduced EF defined as LVEF < 40% per local reading

e In addition to LVEF<40%, patient must have at least one of the
following (analysed at the Central Laboratory at screening):

o |IfEF is <30%, elevated [NT-pro-BNP] 2600 pg/mL in patients
without AF OR 21200 pg/mL in patients with AF

o If EF is 231 to £35%, elevated [NT-pro-BNP] 21000 pg/mL in
patients without AF OR 22000 pg/mL in patients with AF

o Ifthe EF is 236 to <40%, elevated [NT-pro-BNP] 22500 pg/mL in
patients without AF OR =5000 pg/mL in patients with AF

o For EF <40% and documented HHF within 12 months prior to
screening, elevated [NT-pro-BNP] 2600 pg/mL in patients without
AF and 21200 pg/mL in patients with AF

e Appropriate dose of medical therapy for HF (such as ACEi, ARB, beta-
blocker, oral diuretics, MRA, ARNI, ivabradine) consistent with
prevailing local and international CV guidelines, stable for at least 1
week prior to Visit 1 (screening visit) and during screening period until
Visit 2 (randomisation visit). The dose of diuretics must be stable for
only one week prior to Visit 2 to control symptoms.

e Appropriate use of medical devices such as cardioverter-defibrillator
(ICD) or a cardiac resynchronisation therapy (CRT) consistent with
prevailing local or international CV guidelines.

e Body-Mass Index (BMI) < 45 kg/m? at Visit 1 (screening).

e CV diseases or treatments that increase the unpredictability of or
change the patients’ clinical course, independent of HF

Exclusion

criteria

0 Myocardial infarction (increase in cardiac enzymes in combination
with symptoms of ishemia or new ishemic ECG changes), CABG
or other major CV surgery, stroke or transient ischaemic attack in
past 90 days

0 Heart transplant recipient or listed for heart transplant. Currently
implanted left ventricular assist device (LVAD)
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o Cardiomyopathy based on infiltrative diseases (amyloidosis),
accumulation diseases (haemochromatosis, Fabry disease),
muscular dystrophies, cardiomyopathy with reversible causes (e.g.
stress cardiomyopathy), hypertrophic obstructive cardiomyopathy
or known pericardial constriction

o Diagnosis of peripartum cardiomyopathy or cardiomyopathy
induced by chemotherapy within 12 months

0 Any severe (obstructive or regurgitant) valvular heart disease
expected to lead to surgery during the trial period

0 Acute decompensated heart failure requiring intravenous diuretics,
vasodilators, inotropic agents or mechanical support within 1 week
of screening and during the screening period prior to
randomisation

o ICD or cardiac resynchronisation therapy within 3 months prior to
screening or if there is an intent to implant either device for 3
months following screening

e Untreated or undertreated CV conditions that might influence the
course of HF or tolerability of the study medications

o Atrial fibrillation or atrial flutter with a resting heart rate >110 bpm,
documented by ECG at screening

0 Untreated ventricular arrhythmia with syncope in a patient without
an ICD within 3 months prior to screening

o0 Symptomatic bradycardia or second or third-degree heart block
without a pacemaker after adjustment of beta-blocker therapy, if
appropriate

o0 Systolic blood pressure 2180mmHg at randomisation. If systolic
blood pressure is 151-179mmHg, the patient should be receiving
23 anti-hypertensive drugs

0 Symptomatic hypotension and/or a systolic blood pressure
<100mmHg at screening or at randomisation

e Significant comorbidities that might influence the clinical course
independent of HF

o Chronic PD requiring home oxygen, oral corticosteroid therapy or
hospitalisation for exacerbation within 12 months, significant
chronic PD or primary pulmonary arterial hypertension

o0 Acute or chronic liver disease, defined by serum levels of
transaminase or alkaline phosphatase more than three times the
upper limit of normal at screening

o Impaired renal function, defined as eGFR <20mL/min/1.73m?
(CKD-EPI) or requiring dialysis at the time of screening

o Haemoglobin <9 g/dL at screening

0 Major surgery performed within 90 days prior to screening or major
scheduled elective surgery (e.g. hip replacement) within 90 days
after screening
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o0 Gl surgery or Gl disorder that could interfere with medication
absorption

o0 Any documented active or suspected malignancy or history of
malignancy within 2 years prior to screening, except appropriately
treated basal cell carcinoma of the skin, in situ carcinoma of
uterine cervix or low risk prostate cancer

o0 Presence of any other disease with a life expectancy of <1 year (in
the opinion of the investigator)

¢ Any condition that might jeopardise patient safety, limit the patient’s
participation in the trial or undermine the interpretation of trial data

0 Current use or prior use of a SGLT2i or combined inhibitor of
SGLT1 and SGLT2 within 12 weeks prior to screening or
randomisation

o0 Discontinuation of a SGLT2i or combined inhibitor of SGLT1 and
SGLT2 for the purposes of study enrolment is not permitted

o Known allergy or hypersensitivity to any SGLT2is
o History of ketoacidosis

o Patients who must or wish to continue the intake of restricted
medications or any drug considered likely to interfere with the safe
conduct of the trial

o Currently enrolled in another investigational device or drug study
or are less than 30 days since the completion of a trial of another
investigational device or drug. Any patient receiving any
investigational treatment other than the study medications for this
trial

0 Chronic alcohol or drug abuse or any condition that, in the
investigator’s opinion, will make the patient unlikely to fulfil the trial
requirements or complete the trial

0 Women who are pregnant or are nursing or who plan to become
pregnant while in the trial

0 Any other clinical condition that would jeopardise patient safety
while participating in this trial or may prevent the subject from
adhering to the trial protocol

Abbreviations: AF, atrial fibrillation; bpm, beats per minute; CABG, coronary artery bypass grafting; CKD-EPI, Chronic Kidney
Disease Epidemiology Collaboration equation; CV, cardiovascular; ECG electrocardiogram; EF, ejection fraction; eGFR,
estimated glomerular filtration rate;Gl, gastrointestinal; ICD, implantable cardioverter-defibrillator; HF, heart failure; LVEF, left
ventricular ejection fraction; NYHA, New York Heart Association classification; NT-pro-BNP, N-terminal prohormone B-type
natriuretic peptide; PD, pulmonary disease; SGLT, sodium-glucose co-transporter; SGLT2i, sodium-glucose co-transporter 2
inhibitor.

B.2.3.1.3 Study locations

Patient enrolment (N=3730) started on 6 March 2017 in university hospitals, specialist
cardiovascular clinics and clinical research centres across 520 locations in 20
countries (US, Argentina, Australia, Belgium, Brazil, Canada, China, Czech Republic,

France, Germany, Hungary, India, Italy, Japan, Republic of Korea, Mexico,
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Netherlands, Poland, Spain, and the UK). The study completion date was 28 May
2020.

B.2.3.1.4 Trial drugs and concomitant medications

Study interventions are summarised in Table 12. At any time during the treatment
period the investigator could adjust and optimise HF background therapy according to
local and international guidelines. If additional therapy was necessary during the
treatment period, it could be given at the discretion of the investigator. Disallowed
concomitant medications included any SGLT2 inhibitors or combined SGLT-1 and 2

inhibitors, except the blinded trial medication.

Table 12. EMPEROR-Reduced trial drugs

Drug Dose Frequency of Route of Duration
administration | administration
Empagliflozin, film 10 mg Until the
coated tablet necessary
number of events

: Once daily Oral were obser\(ed to

Placebo matching evaluate efficacy

empagliflozin, film - for the primary

coated tablet composite

endpoint

B.2.3.1.5 Pre-specified primary and secondary outcomes of EMPEROR-
Reduced

The endpoints relevant for the decision problem are summarised in Table 13. The

definitions of adjudicated CV endpoints are summarised in Table 14.

Table 13. Pre-specified primary and secondary outcomes

Primary endpoint Definition NICE scope/
economic model?
Combined risk of Time to first event analysis of the Per NICE scope; not
CV death or combined risk of adjudicated CV death | included in the
hospitalisation for or adjudicated HHF economic model as a
HF (HHF) composite outcome
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Key secondary
endpoints

Definition

NICE scope/economic
model?

Total HHF (first and
recurrent)

Occurrence of adjudicated HHF (first
and recurrent)

Per NICE scope;
included in the
economic model

Rate of renal
function decline

eGFR (CKD-EPI)cr slope of change
from baseline

Per NICE scope; not
included in the
economic model

Other secondary
endpoints

Definition

NICE scope/economic
model?

Risk of composite
renal endpoint
(chronic dialysis,
renal transplant or
renal insufficiency)

Time to first event in the composite
renal endpoint: occurrence of chronic
dialysist or renal transplant or
sustained' reduction$ in eGFR (CKD-
EPI)cr from baseline of 2 40% or

e sustained eGFR (CKD-EPI)cr <15
mL/min/1.73 m? for patients with
baseline eGFR 230 mL/min/1.73 m?
or

e sustained eGFR (CKD-EPl)cr <10
mL/min/1.73 m? for patients with
baseline eGFR <30 mL/min/1.73 m?

Per NICE scope;
included in the
economic model

Risk of first HHF

Time to first adjudicated HHF

Per NICE scope; not
included in the
economic model

Risk of CV death

Time to adjudicated CV death

Per NICE scope;
included in the
economic model

Risk of death

Time to all-cause mortality

Per NICE scope;
included in the
economic model

Risk of diabetes
mellitus

Time to onset of DM defined as

HbA1c 26.5% or as diagnosed by the
Investigator in patients with pre-DM
(defined as no history of DM and no
HbA1c 26.5% before treatment, and a
pre-treatment HbA1c value of 2 5.7% to
<6.5%)

Not in scope; not
cluded in the economic
analysis

Change in KCCQ
clinical summary
score

Change from baseline in the KCCQ
clinical summary score (HF symptoms
and physical limitations domains) at
week 52

Per NICE scope;
included in the
economic model
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Risk of all-cause
hospitalisation

Occurrence of all-cause hospitalisation
(first and recurrent)

Per NICE scope; not
included in the
economic model

Further endpoints Definition NICE scope/economic
model?

Risk of atrial New onset of atrial fibrillation Not in scope; not

fibrillation included in the

economic model

Risk of myocardial
infarction

Adjudicated myocardial infarction (fatal
or non-fatal)

Not in scope; not
included in the
economic model

Risk of stroke

Adjudicated stroke (fatal or non-fatal)

Not in scope; not
included in the
economic model

Safety

Adverse events, adverse events of
special interest, and specific adverse
events

Per NICE scope;
included in the
economic model

Abbreviations: CV, cardiovascular; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration equation; DM, diabetes
mellitus; eGFR, estimated glomerular filtration rate; HbA1c, haemoglobin A1c; HF, heart failure; HHF, hospitalisation for heart
failure; KCCQ, Kansas City Cardiomyopathy Questionnaire
TChronic dialysis was defined as dialysis with a frequency of twice per week or more for at least 90 days

{[Sustained was determined by two or more consecutive post-baseline central laboratory measurements separated by at least
30 days (the first to last of the consecutive eGFR values)
§Reduction in eGFR (CKD-EPIl)cr was defined as reduction in eGFR from baseline of 240%, eGFR <15 mL/min/1.73m? for
patients with baseline eGFR 230 mL/min/1.73m?, or eGFR <10 mL/min/1.73m? for patients with baseline eGFR

<30mL/min/1.73m?

Table 14. Definitions of adjudicated endpoints

Endpoint

Definition'

HHF

0]

HHF endpoint must meet the following criteria:

¢ Adjudicated primary diagnosis is admission to hospital for HF

¢ Length of stay in hospital extends for 212 hours (emergency room visit for
212 hours with IV therapy is considered equivalent to admission to
hospital)

e The patient exhibits documented new or worsening symptoms due to HF
on presentation, including at least one of the following:

Dyspnoea (dyspnoea with exertion, dyspnoea at rest, orthopnoea,

paroxysmal nocturnal dyspnoea)
Decreased exercise tolerance

Fatigue

Other symptoms of worsened end-organ perfusion (dizziness,
confusion, or volume overload such as weight gain or lower extremity

swelling)
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Endpoint | Definition'

¢ Objective evidence of new or worsening HF consisting of at least two
physical examination findings or one physical examination finding and at
least one laboratory criterion, including:

o0 Physical examination findings considered to be due to HF:
- Peripheral oedema
- Increasing abdominal distension or ascites
- Pulmonary rales/crackles/crepitations
- Increased jugular venous pressure and/or hepatojugular reflux
- S3gallop
- Clinically significant rapid weight gain related to fluid retention

o Laboratory evidence of new or worsening HF, if obtained within 24
hours of presentation, including:

- Increased BNP/NT pro-BNP concentrations consistent with
decompensation of HF

- Radiological evidence of pulmonary congestion

- Non-invasive evidence of clinically significant left- or right- sided
ventricular filling pressure or low cardiac output, or

- Invasive diagnostic evidence with right heart catheterisation
showing a pulmonary capillary wedge pressure 218 mmHg,
central venous pressure =212 mmHg, or a cardiac index <2.2
L/min/L?

o The patient receives initiation or intensification of treatment for HF,
including at least one of the following:

0 Augmentation in oral diuretic therapy

o IV diuretic or vasoactive agent (e.g. inotrope, vasopressor, or
vasodilator)

0 Mechanical or surgical intervention (circulatory support with intra-
aortic balloon pump, ventricular assist device, extracorporeal
membrane oxygenation, total artificial heart or fluid removal with
ultrafiltration, hemofiltration, dialysis)

CV death | CV death includes the following categories:

e Death due to MI, a procedure to treat Ml or elective coronary procedure
to treat myocardial ischemia

e Death due to clinically worsening signs and symptoms of HF including
cardiogenic shock and pulmonary edema

e Death due to stroke, CV procedures, CV haemorrhage or other CV
causes (e.g. pulmonary embolism or peripheral arterial disease)

e Sudden cardiac death, including:

o Death withessed and occurring without new or worsening symptoms
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Endpoint | Definition'

o Death witnessed within 60 minutes of the onset of new or worsening
cardiac symptoms

o Death witnessed and attributed to an identified arrhythmia or
unwitnessed but found on implantable cardioverter-defibrillator review

o0 Death after unsuccessful resuscitation from cardiac arrest or
successfully resuscitated from cardiac arrest without identification of a
specific cardiac or non-cardiac aetiology

o0 Unwitnessed death in a subject seen alive and clinically stable <72
hours prior to being found dead without any evidence supporting a
specific non-cardiovascular cause of death

Abbreviations: CV, cardiovascular; HF, heart failure; HHF, hospitalisation for heart failure; BNP, B-type natriuretic peptide; NT
pro-BNP, N-terminal pro-B- type natriuretic peptide; MI, myocardial infarction
AIl CV endpoint definitions were modifications of the guideline recommendations by Hicks et al 2014 (137).

B.2.3.2 Demographics and baseline characteristics

Patients in the empagliflozin and the placebo group were well balanced with respect
to demographic and clinical characteristics at baseline (Table 15). Overall, a quarter
of patients had HF NYHA class IlI-IV, 73% had LVEF of 30% or less, 79% had a NT
pro-BNP level of at least 1000 pg/ml, 48% had an estimated GFR of less than 60 ml
per minute per 1.73 m? and nearly 20% were receiving an angiotensin receptor-

neprilysin inhibitor.

Table 15. Demographic and baseline characteristics (mean) of randomised
participants in EMPEROR-Reduced trial

Baseline characteristic* Empagliflozin 10 mg Placebo

Number of subjects 1863 1867
Age (years), mean (SD) 67.2+10.8 66.5+11.2
Female sex, No (%) 437 (23.5) 456 (24.4)

Race, No (%)?

White 1325 (71.1) 1304 (69.8)

Black 123 (6.6) 134 (7.2)

Asian 337 (18.1) 335(17.9)
Other or missing 78 (4.2) 94 (5.0)
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Baseline characteristic* Empagliflozin 10 mg Placebo
Region, No (%)
North America 212 (11.4) 213 (11.4)
Latin America 641 (34.4) 645 (34.5)
Europe 676 (36.3) 677 (36.3)
Asia 248 (13.3) 245 (13.1)
Other 86 (4.6) 87 (4.7)
NYHA functional class, No (%)
! 1399 (75.1) 1401 (75.0)
[} 455 (24.4) 455 (24.4)
v 9 (0.5) 11 (0.6)
2‘;:{;2;3;3 indext (kg/m?), 28.045.5 27.8453
:-Iseg)rt rate (beats/min), mean 71.0411.7 7154118
SBP (mm Hg), mean (SD) 122.6+15.9 121.4+15.4
DBP (mm Hg), mean (SD) 74.0 (11.0) 73.7 (10.6)
Left ventricular ejection fraction
Mean (SD) 27.746.0 27.216.1
Value of < 30%, No (%) 1337 (71.8) 1392 (74.6)

NT pro-BNP

Median (IQR) (pg/ml)

1887 (1077-3429)

1926 (1153-3525)

Value of 21000 pg/ml, No/total
No (%)

1463/1862 (78.6)

1488/1866 (79.7)

Cause of heart failure, No (%)

Ischaemic

983 (52.8)

946 (50.7)

Nonischaemic

880 (47.2)

921 (49.3)
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(ml/min/1.73 m?)

Baseline characteristic* Empagliflozin 10 mg Placebo
Cardiovascular history, No (%)
Hospitalisation for HF in £12 577 (31.0) 574 (30.7)
months
Atrial fibrillation 664 (35.6) 705 (37.8)
Diabetes mellitus 927 (49.8) 929 (49.8)
Hypertension 1349 (72.4) 1349 (72.3)
Estimated glomerular filtration rate
Wean (SD) 61.8 +21.7 62.2+21.5

Value of <60 ml/min/1.73 m?,
No/total No (%)

893/1862 (48.0)

906/1866 (48.6)

UACR (mg/ml), N (%)

therapyll

Normal (<30) 1038 (55.7) 1040 (55.7)
Microalbuminuria (30 to <300) 608 (32.6) 628 (33.6)
Macroalbuminuria (>300) 207 (11.1) 189 (10.1)
Heart failure medication, No (%)
Renin-angiotensin inhibitor§
Without neprilysin
T 1314 (70.5) 1286 (68.9)
inhibitor
With neprilysin
T 340 (18.3) 387 (20.7)
inhibitor
Mineralocorticoid receptor
antagonist 1306 (70.1) 1355 (72.6)
Beta-blocker 1765 (94.7) 1768 (94.7)
Device therapy, No (%)
Implantable cardioverter-
defibrillatory] 578 (31.0) 593 (31.8)
Cardiac resynchronisation 220 (11.8) 222 (11.9)
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Baseline characteristic* Empagliflozin 10 mg Placebo

Diabetes status

Without diabetes, N (%) 936 (50.2) 938 (50.2)
Without d;?:;;f:s‘,’m% 304 (16.3) 302 (16.2)
With pre-diabetes, N (%) 632 (33.9) 636 (34.1)
With diabetes, N (%) 927 (49.8) 929 (49.8)
T2DM, N (%) 927 (49.8) 929 (49.8)

T1DM, N (%) 0 0

Abbreviations: DBP, diastolic blood pressure; HF, heart failure; IQR, interquartile range; No, number; NT pro-BNP, N-terminal
prohormone of brain natriuretic peptide; NYHA, New York Heart Association; SBP, systolic blood pressure; SD, standard
deviation; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; UACR, urine albumin-to-creatinine ratio.

* Plus-minus values are means + SD. Percentages may not total 100 because of rounding.

T Race was reported by the patients. Those who identified with more than one race or with no race were classified as “other”.

I The body-mass index is the weight in kilograms divided by the square of the height in meters.

§ Inhibitors of the renin—angiotensin system include angiotensin converting enzyme inhibitors and angiotensin receptor blockers.
9l This category includes all the patients with an implantable cardioverter-defibrillator regardless of the presence or absence of
cardiac resynchronisation therapy.

I This category includes all the patients who were receiving cardiac resynchronisation therapy regardless of the presence or
absence of a defibrillator.

B.2.4 Statistical analysis and definition of study groups in the

relevant clinical effectiveness evidence

The statistical analysis methods and definitions of study groups used in the pivotal
EMPEROR-Reduced trial are described in Table 16.

B.2.4.1 Statistical methods and analysis sets

Table 16. Summary of statistical analysis in the EMPEROR-Reduced RCT

Study name
(number) EMPEROR-Reduced (NCT03057977)
Research There is no difference between the efficacy of empagliflozin and efficacy

hypothesis of placebo in reducing the combined risk of CV death and HHF

o Screened Set (SCR): All patients screened for the trial, with
informed consent given and who completed at least one screening
procedure at Visit 1

¢ Randomised set (RS): All randomised patients, whether
treated or not

Analysis sets

o Treated set (TS): All patients who were dispensed study medication
and were documented to have taken at least one dose of
investigational treatment
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Study name
(number)

EMPEROR-Reduced (NCT03057977)

o Treated Set-Follow-up (TS-FU): All patients in the TS for whom a
follow-up visit was performed (i.e. values of planned assessments:
KCCQ, EQ-5D, vital signs or lab data reported) between 23 and 45
days after last intake of study medication. The TS-FU did not include
patients for whom no planned measurements were taken, which
happened in case of telephone FU visits. Patients with intake of open
label SGLT2 inhibitor between their EOT and FU visit were also
excluded from the TS-FU set

Statistical
analysis for
primary
endpoint

The primary and key secondary endpoints were tested in the following
hierarchical order:

o Time to first event of adjudicated CV death or adjudicated HHF
e Occurrence of adjudicated HHF (first and recurrent)
o eGFR (CKD-EPI)cr slope of change from baseline

For each of these confirmatory endpoints, superiority of empagliflozin
over placebo was evaluated with a two-sided test. The overall type |
error rate for the trial was preserved at a = 0.05. Due to the amount of a
spent on the interim analysis, the remaining two-sided a level for the final
analysis was 0.0496.

The primary analysis was a Cox PH regression with factors treatment,
geographical region, diabetes status at baseline, age, gender, LVEF,
and baseline eGFR (CKD-EPI)cr. Following the ITT principle, the primary
analysis was based on RS using all data up to the end of the planned
treatment period (i.e. excluding events and time at risk after the protocol-
specified treatment discontinuation for patients who completed the
treatment period but including the data after end of treatment for patients
not completing the treatment phase as planned). Patients without a
specific endpoint event were censored at the last date the patient was
known to be event free or at the end of the planned treatment period,
whichever was earlier. When violation of the PH assumption was
observed, groups of patients for which the proportionality assumption
held were identified, and a stratified Cox regression was performed.

Statistical
analysis
for key
secondary
endpoints

o Occurrence of adjudicated HHF (first and recurrent) was
analysed by a joint frailty model that accounted for the dependence
between recurrent HHF and CV death. The primary analysis included
all data until completion of the planned treatment phase, including
the data after end of treatment for patients not completing the
treatment phase as planned. The model included the same
covariates used for the analysis of the primary endpoint. The joint
model provided two distinct HRs:

o HRyuur associated with the effect of treatment on the recurrent
event rate of HHF

0 HRcwp, the hazard ratio for CV death.

¢ Slope in change from baseline of eGFR (CKD-EPl)cr was
analysed by a random coefficient model allowing for random
intercept and random slope per patient, with the same factors used
for the primary endpoint and the additional factors time, treatment-
by-time and baseline eGFR (CKD-EPI)cr-by-time interaction as linear
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Study name

EMPEROR-Reduced (NCT03057977)

(number)
covariates. The model included all on-treatment change from
baseline. This endpoint was tested with a two-sided a of 0.001.
Statistical ¢ Time to event endpoints: as analysis of primary endpoint
analysis of ¢ Recurrent event endpoints: as analysis of the first key secondary
exploratory endpoint
endpoints ¢ Continuous endpoints: mixed model repeated measure analysis

(MMRM)
Categorial endpoints: descriptive

Sample size &

Sample size calculation was based on the number of events needed to

withdrawals

power detect a 20% difference in risk of a primary endpoint event with 90%

calculation power for a two-sided test with a=0.05. Achieving that treatment effect
size required 841 primary endpoint events. Assuming a =15% event rate
per year in the placebo arm, a recruitment period of 18 months and a
follow-up period of 20 months, 2,850 patients needed to be randomised
to receive empagliflozin or placebo in 1:1 manner.

Data ¢ Handling of drop-outs or missing data:

management, o For patients without primary event and lost to follow-up before

patient trial completion, the treatment specific incidence rates for

empagliflozin and placebo for retrieved drop-outs were used to
impute the primary events in a multiple imputations framework.
The primary model was applied to the imputed datasets.

o0 There was no imputation of data for safety analyses.

0 For endpoints of KCCQ scores in case of patients who die, a
score of 0 was imputed at all subsequent scheduled visits where
the score would have been assessed.

0 Missing covariates in multivariate Cox regression models and for
recurrent event analyses were imputed using the overall
population median of the corresponding variable for continuous
covariates and the most frequent category for categorical
covariates. No imputation was done for covariates included in
treatment by subgroup interaction terms.

Subjects could have been instructed to permanently
discontinue study drug only after discussion with
investigator if:

o eligibility criteria were violated
0 inthe case of an AE
o if the patient failed to comply with the protocol

o if any restricted treatment was given during the trial

Source: Packer et al 2019 (121); EMPEROR-Reduced CSR (135)

Abbreviations: AE, adverse event; Cl, confidence interval; CV, cardiovascular; CVD, cardiovascular death; (CKD-EPI)cr, Chronic
Kidney Disease Epidemiology Collaboration equation based on creatinine measurement; CPRD, Clinical Practice Research
Datalink; DM, diabetes mellitus; EF, ejection fraction; EOT, end of treatment; EQ-5D, EuroQol 5 dimensions instrument; FU,
follow-up; HES, Hospital Episode Statistics; HHF, hospitalisation for heart failure; HF, heart failure; HFrEF, heart failure with
reduced ejection fraction; HR, hazard ratio; eGFR, estimated glomerular filtration rate; ITT, intention to treat; KCCQ, Kansas City
Cardiomyopathy Questionnaire; LVEF, left ventricular ejection fraction; MMRM, mixed model repeated measure analysis; PH,
proportional hazards; RS, randomised set; SCR, screened set; SGLT2, sodium-glucose co-transporter 2; SoC, standard of care;

TS, treated set; TS-FU, treated set with follow-up.
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B.2.4.2 Participant flow in the relevant randomised controlled trials

Participant flow in EMPREROR-Reduced is shown in Figure 6.

Figure 6. CONSORT diagram of patient flow in each stage of EMPREOR-
Reduced RCT

7220 patients screened for eligibility
Not randomized
‘ Not eligible (3314)
Withdrawal of consent (80)
Adverse event (21)
Lost to follow-up (19)
Other reasans (56)

3730 were randomized

|
l l

1863 assigned 1867 assigned
to empagliflozin to placebo :
Median follow-up
| 16 months
Drug discontinued Drug discontinued
MNonfatal adverse event (158) Nonfatal adverse event (167)
Request by patient (92) Request by patient (124) Final vital status
Other reasons (53) Other reasons (44) known in 99.4%
l (all but 21 patients)
Incomplete follow-up for Incomplete follow-up for
primary end point in 22 primary end point in 20

Note: Incomplete follow-up for the primary end point refers to incomplete information on either vital status or hospitalisation until
the planned end of the treatment period for those patients who had not experienced an adjudicated primary outcome. The 21
patients with unknown vital status at the end of the trial included eleven on empagliflozin and ten on placebo. Three patients with
missing vital status at the end of the trial experienced an adjudicated HHF and are not considered to have incomplete follow-up
for the primary endpoint.

B.2.5 Quality assessment of the relevant clinical effectiveness

evidence

A summary of the quality assessment of EMPEROR-Reduced, a parallel group RCT,
is shown in
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Table 17. The complete quality assessment is provided in Appendix D.

Table 17. Results of the quality assessment of EMPEROR-Reduced trial

EMPEROR-Reduced
(NCT03057977)

Was randomisation carried out
appropriately?

Yes. Randomisation was performed by using a
permuted block design with a computer pseudo-
random number generator.

Was the concealment of
treatment allocation adequate?

Yes. An Interactive Response Technology System
(voice response or web response) was used to
determine treatment assignment.

Were the groups similar at the
outset of the study in terms of
prognostic factors?

Yes. Demographic and patient characteristics were
well balanced between the two treatment groups at
baseline, and randomisation was stratified by
geographical region, diabetes status and eGFR at
screening.

Were the care providers,
participants and outcome
assessors blind to the treatment
allocation?

Yes. This was a double-blind study. An Endpoint
Adjudication Committee evaluated all reported and
potential clinical events in a manner blinded to the
treatment assignment.

Were there any unexpected
imbalances in drop-outs between
groups? If so, were they
explained or adjusted for?

No. Proportion of patients who discontinued study

treatment was low and well balanced between the two

treatment groups.

Is there any evidence to suggest
that the authors measured more
outcomes than they reported?

No. All outcomes specified in the study protocol were
reported in the clinical study report.

Did the analysis include an
intention to treat analysis? If so,
was this appropriate and were
appropriate methods used to
account for missing data?

Yes. Efficacy analysis were performed in the
randomised set.
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B.2.6 Clinical effectiveness results of the relevant trials:
EMPEROR-Reduced

As described in sections that follow, the null hypotheses for the primary and the two
key secondary endpoints of the EMPEROR-Reduced trial were rejected in a
hierarchical testing procedure. Results of the trial demonstrate that empagliflozin is
superior to placebo in improving HF outcomes in patients with symptomatically stable
HFrEF (LVEF <40%) on baseline guideline-directed medical therapy, irrespective of
diabetes status. Benefit is primarily driven by a reduction in HHF. Addition of
empagliflozin to standard care is also associated with a slower rate of decline in the
estimated glomerular filtration rate (eGFR) in comparison to placebo, resulting in a

lower risk of serious renal outcomes (109).

Importantly, during the trial period, benefits were observed in patients receiving
standard care with any of the currently recommended drugs for HF, including sacubitril
valsartan. Even patients with severe left ventricular dysfunction, with or without

diabetes, appeared to benefit from addition of empagliflozin to their standard care.

Results of the pre-specified efficacy outcomes that are within the scope of the decision
problem are described in sections B.2.6.1 to B.2.6.2 . Pre-specified subgroup analysis

of the trial data used in the economic model is described in Appendix E.
B.2.6.1 Primary outcome: combined risk of cardiovascular death or HHF

Over a median follow-up of 16 months, the primary composite outcome of CV death
or HHF occurred in a lower proportion of patients in the empagliflozin group (361 of
1863 patients, 19.4%) than in the placebo group (462 of 1867 patients, 24.7%). The
separation of the estimated cumulative incidence of CV death or first HHF curves,
considering non-CV death as a competing risk, started shortly after randomisation and
was maintained throughout the trial period (Figure 7). Cox regression of data for all
randomised patients adjusted for age, baseline eGFR (CKD-EPI)cr, region, gender,
treatment, baseline diabetes status and LVEF, revealed that the risk of CV death or
HHF was significantly reduced with empagliflozin compared with placebo (HR, 0.75;
95% Cl, 0.65 to 0.86; p<0.0001).
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Figure 7. Estimated cumulative incidence function for time to the first event of
adjudicated CV death or HHF in all randomised patients (RS, randomised set)
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e

Estimated cumulative incidence function (%)
\

Placebo (N=1867)

Empagliflozin 10 mg (N=1863)
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Days since randomization

Source: EMPEROR-Reduced CSR, Figure 11.1.1.1:1 (135)

During the trial period, lasting from the start of enrolment in April 2017 until the final

follow-up data collection for the double-blind treatment period on 29 April 2020, the

number of patients who needed to be treated with empagliflozin to prevent one primary
event was 19 (95% ClI, 13 to 37).

Several sensitivity analyses of the primary endpoint were performed to consider

competing risks and to account for missing follow-up data in 42 patients who

discontinued trial prematurely. The results were consistent with the results of the

primary analysis, with HRs being numerically similar (Table 18).

Table 18. Sensitivity analyses for the primary endpoint: time to the first event

of adjudicated CV death or HHF

Sensitivity analyses in RS

Hazard ratio (95% confidence interval)

Multiple imputation analysis addressing
incomplete data for primary endpoint*, RS

0.75 (0.66-0.87)

Results unadjusted for covariates, RS

0.75 (0.66-0.86)

Sub-distribution hazard ratio adjusted for
non-CV death as a competing risk in RS
(Fine-Gray model)§

0.75 (0.66-0.86)
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Source: Packer et al 2020 (109).

Abbreviations: CV, cardiovascular; HHF, hospitalisation for heart failure; RS, randomised set.

*Imputations were performed for 42 patients with incomplete data (20 placebo, 22 empagliflozin). Treatment specific incidence
rates for empagliflozin and placebo for patients who discontinued study medication with available follow-up data were used to
impute the primary events in a multiple imputations framework via sampling from an exponential distribution. One hundred
imputations were performed and evaluated by the primary model. Log hazard ratios were summarised by Rubin’s rules (138).

§Fine and Gray, 1999 (139).

B.2.6.2 Secondary outcomes
B.2.6.2.1 Hospitalisation for heart failure (first and recurrent)

The total number of hospitalisations for HF was lower in the empagliflozin group than
in the placebo group with 388 events and 553 events, respectively. The mean
cumulative incidence of HHF in the empaglifiozin and placebo groups started to
diverge shortly after randomisation and continued to segregate further over the course
of the trial (

Figure 8). Primary analysis using joint frailty model with CV death as a competing risk
demonstrated that the risk of recurrent HHF was significantly reduced with
empagliflozin relative to placebo (HR, 0.70; 95%CI, 0.58 to 0.85, p<0.001). The hazard
of recurrent HHF was positively correlated to that of CV death, as indicated by a frailty

exponent greater than zero (data not shown).

The results of the sensitivity analyses were consistent with the results of the primary

analysis for the occurrence of adjudicated HHF (first and recurrent) (Table 19).

Table 19. Sensitivity analyses for the key secondary endpoint: total HHF

Sensitivity analyses Hazard ratio (95% confidence interval)

Results unadjusted for covariates, RS 0.69 (0.57-0.84)

Using joint frailty model* with all-cause
mortality instead of CV death as a 0.70 (0.58-0.85)
competing risk, RS

Treated patients while on-treatment + 30
days, TS

Source: EMPEROR-Reduced CSR, Figure 11.1.2.1.2:1 (135)

Abbreviations: CV, cardiovascular; HF, heart failure; RS, randomised set; TS, treated set.
*Joint frailty model by Rogers et al. 2016 (140).

T Indicates post-hoc analysis.

0.69 (0.56-0.85)

Figure 8. Mean cumulative function for occurrence of adjudicated HHF (first
and recurrent) in the RS
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Source: EMPEROR-Reduced CSR, Figure 11.1.2.1.1:1 (135)

B.2.6.2.2 Deterioration of renal function

The other key secondary endpoint in the hierarchical testing procedure was mean
slope of change in eGFR [mL/min/1.73 m?] from baseline. Estimation of GFR was
based on serum creatinine (cr) Chronic Kidney Disease Epidemiology Collaboration
equation [(CKD-EPIl)cr] (141).

The primary analysis included only “on-treatment” data from the treated set (TS) and
measurements up to one day after the last intake of study medication. In the
empagliflozin group, the estimated slope was -0.55 + 0.23 mL/min/1.73m? per year. In
the placebo group, eGFR declined more steeply over the duration of the treatment
period, with an estimated slope of -2.278 + 0.23 mL/min/1.73m? per year. The
estimated between-group difference in mean slope was 1.73 mL/min/1.73m? per year
(95% ClI, 1.10 — 2.37; p<0.001) (

Figure 9). In the randomised set, the adjusted mean eGFR change from baseline to

follow-up was 3.3 (95%ClI, 1.8-4.8) for empagliflozin versus placebo.

Figure 9. Changes in the estimated glomerular filtration rate, based on the TS
and measurements up to one day after the last intake of study medication
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Between-group difference in slope,
1.73 ml per min per 1.73 m? per yr;
95% Cl, 1.10-2.37

Adjusted Mean Change from Baseline
in eGFR (ml/min/1.73m?)

P<0.001
8-
_9 T T T T T T T 1
Base- 4 12 32 52 76 100 124
line Week
No. at Risk
Placebo 1792 1765 1683 1500 1146 745 343 76
Empagliflozin 1799 1782 1720 1554 1166 753 356 80

Source: Packer et al 2020 (109)

Note: Graph shows the adjusted mean changes from baseline in the eGFR as calculated using the Chronic Kidney Disease
Epidemiology Collaboration equation. The bars indicate the standard error. The on-treatment data were analysed with a mixed
model for repeated measures (MMRM). Age and baseline eGFR were included as linear covariates, while sex, region, baseline
LVEF, baseline diabetes status, last projected visit based on dates of randomisation and trial closure, baseline eGFR according
to visit, and visit according to treatment interactions were included as fixed effects. TS, treated set.

Thus, when measurements of renal function were compared at the start and after the
discontinuation of empagliflozin and placebo, the eGFR declined significantly more in
the placebo group than in the empagliflozin group, leading to increased risk of serious
renal outcomes, as described in more detail in section B.2.6.2.3. The initial dip in eGFR
seen at the start of the treatment with empagliflozin represents a reversible functional
change in intrarenal haemodynamics commonly observed with SGLT2is and is not

associated with an excess risk of investigator-reported acute kidney injury (111).
B.2.6.2.3 Time to composite renal outcome

Time to the first event in the composite renal endpoint, comprising chronic dialysis,
renal transplant or sustained reduction in eGFR (CKD-EPI)cr is shown in Figure 10.
The composite renal endpoint occurred in 30 patients (1.6%) in the empagliflozin
group and 58 patients (3.1%) in the placebo group, with the sustained reduction in
eGFR from baseline of 240% being the first recorded renal event in most patients
(Table 20). The risk of the composite renal endpoint was halved with empagliflozin
compared to placebo (HR, 0.50; 95%CI, 0.32 - 0.77; nominal p = 0.002). Addition of
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empagliflozin has therefore demonstrated a large, clinically meaningful benefit in

preventing serious renal outcomes in HFrEF patients compared to SoC alone.

Table 20. Cox regression analysis of time to first renal event', RS

Time to composite renal outcome* | Placebo (N=1867) Empagliflozin (N=1863)
Patients with the composite renal [ ] [
endpoint, N (%)
Sustained eGFR reduction [ [
240% as the first event
Sustained eGFR <15 mL/min/1.73 [ [
m? (baseline 230)
or <10 mL/min/1.73 m? (baseline
<30) as the first event
Chronic dialysis as the 15t event ] ]
Renal transplant as the 1st [ I
event
Incidence rate per 100 years at risk ] ]

Hazard ratio vs. placebo (95% CI),

. 0.50 (0.32 - 0.77)
composite renal outcome

Nominal p-value 0.0019

Source: EMPEROR-Reduced CSR, Table 11.1.2.6:1 (135)

Abbreviations: eGFR, estimated glomerular filtration rate; Cl, confidence interval; RS, randomised set.

*The composite renal endpoint was comprised of chronic dialysis (with a frequency of twice per week or more for at least 90
days), renal transplant, sustained reduction in eGFR from baseline of 240%, sustained eGFR <15 mL/min/1.73m? for patients
with baseline eGFR 230 mL/min/1.73m?, or sustained eGFR <10 mL/min/1.73m? for patients with baseline eGFR
<30mL/min/1.73m?. Sustained was determined by two or more consecutive post-baseline central laboratory measurements
separated by at least 30 days (the first to last of the consecutive eGFR values).

f[Cox regression model included covariates age, baseline eGFR (CKD-EPI)cr, region, baseline diabetes status, sex, baseline
LVEF, and treatment.
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Figure 10. Estimated cumulative incidence function for time to the first event
of the composite renal endpoint, RS
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Source: EMPEROR-Reduced CSR, Figure 11.1.2.6.1:1 (135)
Note: RS, randomised set.

B.2.6.2.4 Time to first adjudicated hospitalisation for heart failure

Over the duration of the trial, fewer patients experienced the event of first adjudicated
HHF in the empaglifiozin group (Il %) compared to placebo group (Jl] The
estimated cumulative incidence of first adjudicated HHF, considering all-cause
mortality as a competing risk, started to diverge between empagliflozin and placebo
groups shortly after randomisation and continued to separate over the course of the
trial (Figure 11). The risk of adjudicated HHF was significantly reduced with
empagliflozin treatment versus placebo (HR, ||, [} as determined by the Cox
regression model adjusted for age, baseline eGFR (CKD-EPI)cr, region, baseline
diabetes status, gender, baseline LVEF, and treatment.

Figure 11. Estimated cumulative incidence function for time to the first
adjudicated HHF with all-cause mortality as a competing risk, RS

Source: EMPEROR-Reduced CSR, Figure 11.1.2.3.1:1 (135)
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B.2.6.2.5 All-cause mortality

The Kaplan-Meier estimate of time to all-cause mortality in the randomised set is

shown in

Figure 12. Death from any cause occurred in 249 patients (13.4%) in the empagliflozin

group and 266 patients (14.2%) in the placebo group. Cox regression of time to all-

cause mortality data for all randomised patients showed that the risk of death from any

cause was 8% lower with empagliflozin than with placebo (HR 0.92, 95% CI 0.77-

1.10), although the difference did not reach statistical significance (p=0.35).

Figure 12. Time to all-cause mortality, Kaplan-Meier estimate in RS
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Note: RS, randomised set.

B.2.6.2.6 Cardiovascular mortality

Most of the deaths recorded during the study were due to CV causes, such as sudden
cardiac death or HF death. Adjudicated CV death occurred in 187 patients (10.0%) in
the empagliflozin group and 202 patients (10.8%) in the placebo group. The risk of CV
death was 8% lower with empagliflozin relative to placebo (HR, 0.92; 95%Cl, 0.75 -
1.12), a difference that did not reach statistical significance (p=0.41). The cumulative
incidence of adjudicated CV death in randomised patients, considering non-CV death

as a competing risk, is shown in Figure 13.

Figure 13. Estimated cumulative incidence function for time to adjudicated CV
death, considering non-CV death as a competing risk- RS
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Source: EMPEROR-Reduced CSR, Figure 11.1.2.4.2:1 (135)
Note: RS, randomised set.
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B.2.6.2.7 Time to onset of diabetes mellitus (DM) in patients with pre-DM

The onset of DM in patients with pre-DM occurred in 71 of 632 patients in the
empagliflozin group (11.2%) and 80 of 636 patients (12.6%) in the placebo group. The
observed reduction in risk of onset of DM with empagliflozin compared to placebo (HR,
0.86; 95%CI, 0.62-1.19) was not statistically significant. The estimated cumulative
incidence of time to onset of DM in patients with pre-DM, considering all-cause
mortality as a competing risk, started to diverge after approximately 8 months, and

continued to separate over the remainder of the trial (Figure 14).

Figure 14. Estimated cumulative incidence function for time to onset of DM in
patients with baseline pre-DM in the RS
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Source: EMPEROR-Reduced CSR, Figure 11.1.2.8.1:1 (135); Note: RS, randomised set.

B.2.6.2.8 First and recurrent all-cause hospitalisation

All-cause hospitalisation occurred in ) of patients in the empagliflozin group and
-) in the placebo group. The total number of hospitalisation events was lower in the
empagliflozin group (1364) than in the placebo group (1570). Analysis of this endpoint
using a joint frailty model that accounts for the dependence between recurrent all-
cause hospitalisation and all-cause mortality demonstrated that the risk of recurrent
all-cause hospitalisation was reduced with empagliflozin treatment compared to
placebo (). The mean cumulative incidence curves of all-cause hospitalisation in

empagliflozin and placebo groups diverged soon after randomisation and maintained
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their separation throughout the study (Figure 15). Cox regression showed 18%
reduction in risk of first all-cause hospitalisation with empagliflozin compared to
placebo (HR, 0.82; 95%CI, 0.74 - 0.90; p<0.0001).

Figure 15. Mean cumulative function for occurrence of all-cause
hospitalisation (first and recurrent), RS

Source: EMPEROR-Reduced CSR, Figure 11.1.2.5.1:1 (135)
Note: RS, randomised set

B.2.6.2.9 Further secondary clinical endpoints

Results of further exploratory secondary endpoints from EMPEROR-Reduced trial,
including measurement of health status by Kansas City Cardiomyopathy
Questionnaire (KCCQ), are presented in Table 21. The change in KCCQ-CSS over
time is reported in Figure 20.

Table 21. Summary of further exploratory secondary endpoints from
EMPEROR-Reduced study

Endpoint Placebo (N=1867) Empag\"iﬂ;’;g;)m mg
Time to adjudicated M (fatal or non-fatal), RS
Patients with M1, N (%) [ ] I

Incidence rate per 100 ] I
years at risk
HR vs placebo (95% Cl) I
Nominal p-value [ ]
Time to adjudicated stroke (fatal or non-fatal), RS

Patients with stroke, N (%) [ I
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Endpoint Placebo (N=1867) Empag"":'f;ég)m mg
Ischaemic ] I
Haemorrhagic ] ]
Unclassified [ [
Incidence rate per 100 years ] ]
at risk
HR vs placebo (95% Cl) I
Nominal p-value ]
Time to new onset of Afib, as ECG finding or as AE, RS
Patients without baseline or ] I
history of Afib"
Patients with new onset of ] ]
Afib, N (%)
Incidence rate per 100 years ] I
at risk
HR vs placebo (95% ClI) ]
Nominal p-value ]
Blood pressure changes from baseline to week 52 (mm Hg), RS
Systolic blood pressure | |
change (mm Hg)
Adjusted mean change from ]
baseline (95% ClI)
p-value ]
Diastolic blood pressure [ ] [ ]
change (mm Hg)
Adjusted mean change from [ ]
baseline (95% CI)
p-value [ ]
HbA1c (%) change from baseline at week 52, RS patients with diabetes
Adjusted mean change from ] ]
baseline
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Empagliflozin 10 mg

Endpoint Placebo (N=1867) (N=1863)

Absolute difference (95%Cl) [ ]

QoL measured by KCCQ at 52 weeks$, TS

Change in clinical summary ] |
score at 52 weeks

Adjusted mean change from
baseline (95% CI)

Nominal p-value

Change in overall summary | |
score at 52 weeks

Adjusted mean change from
baseline (95% ClI)

Nominal p-value

Change in total symptom [ ] [ ]
score at 52 weeks

Adjusted mean change from [ ]
baseline (95% CI)

Nominal p-value ]

Source: EMPEROR-Reduced CSR, Table 11.1.3.1:1, Table 15.2.4.2.1, Sections 11.1.2.7, 11.1.2.8.2 and 11.1.3.4 (135)

Abbreviations: AE, adverse event; Afib, atrial fibrillation; Cl, confidence interval; ECG, electrocardiogram; HbA1c, glycated
haemoglobin; HR, hazard ratio; KCCQ, Kansas City Cardiomyopathy Questionnaire; MI, myocardial infarction; QoL, quality of
life; RS, randomised set; TS, treated set.

Note: Plus-minus values are means + SE. Estimates of effect size for time to event endpoints (HR, 95% CI) were derived for the
randomised set using Cox regression model which included covariates age, baseline eGFR (CKD-EPI)cr, region, baseline
diabetes status, sex, baseline LVEF, and treatment. Continuous endpoints (blood pressure, KCCQ scores) were analysed using
mixed model for repeated measures (MMRM).

{Based on investigator-reported medical history or baseline ECG

§The clinical summary score on the Kansas City Cardiomyopathy Questionnaire ranges from 0 to 100, with higher scores
indicating a better quality of life. Analysis of PRO data with a MMRM was based on the treated set and using on-treatment
values only.

Frequency of myocardial infarction and stroke were similar between the two treatment
groups. New onset of atrial fibrillation was reported less frequently in the empagliflozin
group than the placebo group, although the difference did not reach statistical
significance since study was not powered to detect differences in exploratory
endpoints. There was no marked change in blood pressure in the empagliflozin group,
with a placebo-corrected adjusted mean change at week 52 from baseline of -0.7
mmHg (95%Cl, -1.8 to 0.4) for systolic and -0.1 mmHg (95% CI, -0.8 to 0.6) for

diastolic blood pressure.
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The change from baseline in health status was assessed by the Kansas City
Cardiomyopathy Questionnaire clinical summary score (KCCQ-CSS) at week 52. The
clinical summary score measures HF symptom frequency, symptom burden, and
physical limitations. Empagliflozin significantly improved KCCQ-CSS by 1.94, 1.35,
and 1.61 points compared to placebo at 3, 8, and 12 months, respectively (p< 0.05 for
all) (120). A similar improvement was also observed for the KCCQ total symptom score
(KCCQ-TSS) and overall summary score (KCCQ-OSS), which includes the quality of
life dimension. There were no relevant differences between the treatment groups with
regards to health-related quality of life (HRQoL) as assessed by the EQ-5D-5L

questionnaire.

B.2.7 Subgroup analyses

The pre-specified subgroup analyses for the efficacy endpoints of EMPEROR-

Reduced were:

e Diabetes at baseline (diabetic and non-diabetic patients) (Appendix E)

e Renal function at baseline (eGFR 260 mL/min/1.73 m?, < 60 mL/min/1.73 m?)
(Appendix E)

e Gender

e Race (White, Black/African-American, other including mixed race)

e BMI (<30 kg/m?and =30 kg/m?)

e Age (<65 years and = 65 years) (Appendix E)

e History of HHF in the last 12 months (Yes/No)

e Cause of HF (Ischaemic or non-ischaemic disease)

e NYHA at baseline (Il versus IlI/IV)

e Heart failure physiology (reflected in baseline LVEF and level of NT-pro-BNP)
(Appendix E)

e Baseline use of mineralocorticoid receptor antagonist

e Baseline use of angiotensin receptor-neprilysin inhibitors (Appendix E)

e Geographic region (Asia, Europe, Latin America, North America, and other)

e Baseline eGFR [290, 60 to <90, 45 to <60, 30 to <45, <30 ml/min/1.73 m?]

A post-hoc subgroup analysis according to KCCQ-CSS score at baseline (<62.5, 62.5-

85.4, 285.4) was also conducted. It is worth noting that subgroup analyses were not
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adjusted for multiple testing. Hence, the subgroup findings were subject to a greater

play of chance and were regarded as hypothesis generating (Appendix E).

The effect of empagliflozin on the combined risk of CV death or HHF was consistent
across most pre-specified subgroups, with the point estimate HR less than one in
subgroups based on age and gender, BMI, baseline therapies (ARNI/no ARNI;
MRA/no MRA), cause of HFrEF, history of HHF, presence or absence of diabetes or
impaired renal function (Figure 16). Of note, the consistent effect of empagliflozin in
patients with an eGFR lower than 60 ml/min per 1-73m? provides evidence of an
important reduction of CV death or HHF in this high-risk subgroup, including patients
with eGFR as low as 20 mI/min/1.73 m? (111).

Numerical differences were observed in the subgroup analyses by baseline NYHA
class and physiology of HF. Although the direction of the treatment effect remained
consistent, magnitude of the benefit was smaller in the subgroup with NYHA class IlI-
IV (more severe HF) versus NYHA class Il (less severe HF) at baseline. Subgroup
analyses by other measures of HF severity however did not support the same
directionality of effect since larger effect was seen in a higher severity subgroup (LVEF
< 30% and NT-pro-BNP < median) versus lower severity subgroup (LVEF>30%), while
no variation was seen across KCCQ-CSS tertiles (Appendix E) or NT-pro-BNP tertiles

(135). Furthermore, the point estimate HR remained less than one for each subgroup.

Figure 16. Primary outcome of EMPEROR-Reduced in pre-specified subgroups
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Subgroup Empagliflozin Placebo Hazard Ratio (95% Cl)
no. of patients with events /total no.

Overall 361/1863 4621867 a3 0.75 (0.65-0.86)
Baseline diabetes status

Diabetes 200927 265/929 = 0.72 (0.60-0.87)

Mo diabetes 161/936 197/938 = 0.78 (0.64-0.97)
Age

<65 yr 123/675 193,740 [— 0.71 (0.57-0.89)

=65 yr 233/1182 269/1127 = 0.78 (0.66-0.93)
Sex

Male 294/1426 353/1411 = 0.80 (0.68-0.93)

Female 67,437 109,456 —q 0.59 (0.44-0.80)
Race

White 2641325 289/1304 = 0.88 (0.75-1.04)

Black 24123 48/134 e 0.46 (0.28-0.75)

Asian 62/337 99/335 — 0.57 (0.41-0.78)

Other 5/51 14/63 } | 0.41 (0.15-1.14)
Baseline body-mass index

=30 226/1263 322/1300 |- 0.70 (0.59-0.83)

=30 135/600 140/567 =+ 0.85 (0.67-1.08)
Baseline eGFR (CKD-EP1)

=60 159,969 224960 = 0.67 (0.55-0.83)

=60 202/893 237/906 ——] 0.83 (0.69-1.00)
HF hospitalization in =12 mo

No 208/1286 285/1293 = 0.71 (0.60-0.85)

Yes 153577 177/574 — 0.79 (0.64-0.99)
Cause of heart failure

Ischemic 207/983 236/946 = 0.82 {0.68-0.99)

Monischemic 154880 226/921 =] 0.67 (0.55-0.82)
Baseline NYHA class

1] 220/1399 299,/1401 = 0.71 {0.59-0.84)

I or IV 141/464 163466 | 0.83 (0.66-1.04)
Heart failure physiclogy

LVEF =30% and NT-proBNP <median 80/699 115/724 —=— 0.70 (0.53-0.93)

LVEF =30% and NT-proBNP =median  169/631 249/661 = 0.65 (0.53-0.79)

LVEF =30% 108/526 97475 —— 0.99 (0.76-1.31)
Baseline use of MRA

No 118/557 132/512 —— 0.76 (0.59-0.97)

Yes 243/1306 3301355 = 0.75 (0.63-0.88)
Baseline use of ARNi

No 310/1523 369/1430 ] 0.77 (0.66-0.90)

Yes 51/340 93,387 p——q 0.64 (0.45-0.89)

0.l|25 O.IZS 0!5 10 2!0 4?(} SI_(}
Empagliflozin Better Placebo Better

Source: Packer et al 2020 (109)

Abbreviations: ARNi, angiotensin receptor-neprilysin inhibitor; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration;
HF, heart failure; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid
receptor antagonist; NT-pro-BNP, N-terminal prohormone of brain natriuretic peptide; NYHA, New York Heart Association.
Note: The size of the squares for the hazard ratios is proportional to the size of the subgroup. Interaction p values are nominal;
the subgroup analyses were not adjusted for multiple testing. The body-mass index is the weight in kilograms divided by the
square of the height in meters. Race was reported by the patients.

The use of data from Europe subgroup to assess generalisability is not appropriate
and could contribute to existing ethnic inequalities in health (142), contrary to the
NICE’s Social Value Judgments and the Equality Act 2010 (race is one of the
protected characteristics) (14). These data will not be reported separately in this
submission. The Europe subgroup of EMPEROR-Reduced was | white and
therefore not representative of the multi-ethnic UK population, which consists of 86%
white, 3.3% black, 7.5% Asian and 3.2% other (143). This difference is even wider in
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the metropolitan areas of the UK (44.9% white in London) (143). The ITT population
of EMPEROR-Reduced, which was 71% white, 6.6% black, 18.1% Asian and 4.2%
other (109) is more generalisable to the ethnically diverse UK population and is,
therefore, the population considered in the economic analysis. This is consistent with
the committee’s perspective in the dapagliflozin appraisal (TAG679) (4). Although the
ERG preferred the European subgroup of DAPA-HF trial for the base-case cost-
effectiveness analysis (CEA), the committee recognised that the European subgroup
was predominantly white, comprised less than half of the overall trial population and
may have an absolute risk of complications different to that of patients from the rest of
the world (4). The committee therefore concluded that data from the overall DAPA-HF

population were acceptable for decision making.

The use of ITT population for the CEA of empagliflozin in HFrEF is also the most
statistically robust approach since EMPEROR-Reduced was not powered to evaluate
the treatment effect in subgroups. With many subgroup analyses carried out without
adjusting the overall significance level of the trial, it is unclear if the results represent
spurious findings. Given that the results for the subgroups were generally consistent
with the confirmatory analyses, only the ITT population was considered in the
economic analysis. Results of the clinically relevant pre-specified subgroups can be

found in Appendix E.

B.2.8 Indirect and mixed treatment comparisons

o Evidence for empagliflozin vs standard treatment with ACEi, ARBs, BB, MRAs is the most

relevant for the committee to consider. A comparative analysis of empagliflozin vs dapagliflozin
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is presented here on the request of the ERG and NICE technical team at the Decision Problem
meeting; although there is limited evidence that dapagliflozin represents usual care. Its market
share is [l as of MQT May 2021 (B.1.1) (5). In the HF only population, it is prescribed il
times less often than sacubitril/valsartan (Table 2) (5). As future use of treatment are
speculative, we can only reflect the care pathway used today in this submission. Thus, it would
be inappropriate to place emphasis on this comparison for decision making.

e A Bucher indirect treatment comparison reported comparable efficacy of empagliflozin versus
dapagliflozin across key outcomes, using placebo as the common comparator arm.

e A Bucher comparison represents the best available evidence. The NICE Guide to Methods
2013 recommends a Bucher ITC unless there is evidence that population adjustment (i.e. a
match adjusted indirect comparison (MAIC)) would result in the removal of bias (144). Due to a
lack of overlap in the inclusion criteria for NT-proBNP and LVEF, there is limited evidence that
a MAIC would reduce bias. This conclusion was also reached in the dapagliflozin technology
appraisal for an indirect comparison of dapagliflozin vs sacubitril/valsartan (6). A Bucher ITC
was preferred by the committee over a MAIC despite the PARADIGM-HF trial being more
dissimilar to DAPA-HF than EMPEROR-Reduced.

e There are several implications for these analyses:

e The conclusion from the Bucher ITC that empagliflozin and dapagliflozin offer comparable
efficacy across key clinical outcomes for patients with HFrEF is consistent with feedback
from UK clinical experts.

e UK clinicians advised that they want to tailor treatment to individual patients; and would
value having more than one SGLT2i available (103, 145, 146) This would enable continuity
of care, use in patients with an eGFR 20 to 30 mL/min/1.73m?, and management of specific
AEs.

e As the key efficacy outcomes are comparable, the cost effectiveness of SGLT2i vs SoC is
the most relevant economic evidence to consider (B.3.7) and supports a scenario where
multiple SGLT2is are recommended for use. This utilizes a pooled meta-analysis by
Zannad et al 2020 (119). The pooled meta-analysis has a larger sample size, and thus the
ICER for SGLT2i vs SoC provides a more robust estimate of cost estimate than
empagliflozin vs SoC or dapagliflozin vs SoC alone. The cost effectiveness of SGLT2i vs
SoC is presented in B.3.7 and is consistent with Section 5.1.14 of the NICE Guide to
Methods 2013 (8). An economic comparison of empagliflozin vs dapagliflozin is not

presented as it will not support prescriber choice nor individualisation of care.

B.2.8.1 Objective of the indirect comparison

The evidence for empagliflozin vs standard treatment with ACEi, ARBs, BB, MRAs,
sacubitril/valsartan is the most relevant for the committee to consider as these
products represent the mainstay of treatment for HFrEF in the UK. As dapagliflozin is
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included in the Final Scope, analyses of the relative efficacy of empagliflozin and
dapagliflozin for HFrEF is presented here, however these are supplementary. In the
absence of a head-to-head trial, a Bucher ITC was performed to estimate the relative
efficacy of empagliflozin versus dapagliflozin in adult patients with symptomatic but
stable HFrEF using evidence from the EMPEROR-Reduced and DAPA-HF trials,
respectively (Table 22). These ITCs are supported by the results of a pooled meta-
analysis of SGLT2i vs SoC.

Rationale for analytical approach

A Bucher ITC represents the best available evidence. Technical Support Document
18 (TSD18) [(147)Pg 61 to 63] recommends a Bucher ITC unless there is evidence
that differences in the patient populations across trials might introduce bias and
effect the estimate of relative efficacy. When there are differences, alternatives such
as an MAIC should be considered if they can adequately remove bias. For this

comparison, a MAIC is not appropriate because:

e UK-based clinical experts have fed back that in clinical practice both
dapagliflozin and empagliflozin are considered comparable for the treatment
of HFrEF. It is biologically plausible that they are comparable given that they

belong to the same drug class.

e As a MAIC relies on their being sufficient overlap, it’s unlikely that population
adjustment would remove any bias arising from differences in the inclusion
criteria between EMPEROR-Reduced and DAPA-HF for LVEF and
NT-pro-BNP.

Table 22.Summary of the trials used to carry out the indirect treatment
comparison

| Trial reference | EMPEROR-Reduced | DAPA-HF |
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Intervention (N)

Empagliflozin (10 mg qd) +

Dapagliflozin (10 mg or 5 mg

SoC qd) + SoC
Comparator (N) Placebo + SoC Placebo + SoC
Study start completion | 2017-2020 2017-2019
(years)
Phase I 11
Method of blinding Double-blind Double-blind

Randomisation

1:1, stratified by geographical
region, history of diabetes
and eGFR

1:1, stratified by type Il
diabetes (with and without)

Study centres

Multicentre (Europe, North
America, Latin America,

Multicentre (Europe, North
America, Latin America, Asia

Primary composite

Asia, Other) Pacific)
The composite primary Time to the first occurrence of
endpoint for this trial was the | any of either CV death,

time to first event of
adjudicated CV
death or adjudicated HHF

hospitalisation for HF or an
urgent HF visit

Secondary outcomes

Key secondary outcomes:

e Occurrence of
adjudicated HHF (first
and recurrent)

e eGFR (CKD-EPI). slope
of change from baseline

Other secondary outcomes:

e Time to the first eventin
the composite renal
endpoint: chronic
dialysis, renal transplant,
or sustained reduction in
eGFR (CKD-EPI)cr

e Time to first adjudicated
HHF

e Time to the first occurrence

of CV death or
hospitalisation for HF

e Total number of (first and

recurrent) HF
hospitalisations and CV
death

¢ Change from baseline

measured at 8 months in
KCCQ overall summary
score

¢ Renal composite: 250%

sustained decline in eGFR,
reaching end-stage renal
disease or renal death

e Time to death from any

duration

e Time to adjudicated CV cause
death

e Time to all-cause
mortality

e Time to onset of T2DM in
patients with pre-T2DM

¢ Change from baseline in
KCCQ clinical summary
at week 52

e Occurrence of all-cause
hospitalisation (first and
recurrent)

Median follow-up 16 months 18.2 months

Abbreviations: N, number of participants; qd, once a day; SoC, standard of care.

B.2.8.2 Evidence base and comparators
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A clinical SLR was conducted to identify all relevant randomised controlled trial
evidence related to the treatment of HFrEF (Appendix D). The SLR identified a total of
45 studies from 356 publications, including three studies that reported outcomes with
empagliflozin (109, 119, 120) and four studies describing efficacy outcomes with
dapagliflozin (148-151). The final evidence base for the ITC considered the primary
studies for empagliflozin versus placebo as an add-on to SoC (EMPEROR-Reduced)
(109) and dapagliflozin versus placebo as an add-on to SoC (DAPA-HF) (150) which
were the pivotal phase Il trials informing evidence requirements for the regulatory

approval of these interventions (Table 22).
B.2.8.3 Results of the Bucher ITCs and pooled meta-analysis

The Bucher ITCs reported comparable efficacy of empagliflozin versus dapagliflozin,
using placebo as the common comparator arm. The strongest evidence on the
similarity of empagliflozin versus dapagliflozin comes from an ITC of the primary
composite endpoint (adjudicated CV death or HHF). When the DAPA-HF primary
composite was compared to the EMPEROR-Reduced primary composite, the HR was
not significant (Jflif)). The primary composite endpoints across EMPEROR-Reduced
and DAPA-HF were defined slightly differently (Table 22). Even when the outcome
was defined as per the EMPEROR-Reduced primary composite (time to first event of
adjudicated CV death or adjudicated HHF); comparable efficacy was observed (i)
(Table 23).

A trend for comparable efficacy was observed for key secondary outcomes, including
time to first HHF, total HHF and KCCQ; with HRs of approximately 1 and overlapping
confidence intervals (Table 23). The Bucher ITC of worsening renal function, as
defined in DAPA-HF, yielded the HR (and 95% CI) of 0.73 (0.34, 1.56), suggesting
that empagliflozin might be slightly more effective in reducing the hazard of worsening
renal function relative to dapagliflozin, although the confidence interval was wide and

contained the no difference value of 1.0.

The Bucher ITCs also showed comparable efficacy for both CV death and all-cause
mortality (HR [empagliflozin vs dapaglifiozin] [Jl| ), respectively) (Table 23). A
numerically lower death rate was observed for dapagliflozin than empagliflozin;
however, this should be interpreted in context. In EMPEROR-Reduced, both time to
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CV-death and all-cause mortality were included as a standalone secondary endpoint.
In DAPA-HF, neither of these were listed individually as a secondary or exploratory
endpoint. In both trials, the sample was not large enough to show a statistically
significant difference with sufficient power between intervention and placebo for these
outcomes individually. The sample size was based on a patient experiencing one of
the composite events for the primary composite, which included terminal and non-
terminal events. In EMPEROR-Reduced, 841 primary composite events and 2850
patients were needed to achieve a statistical power of 90% (assumptions: HR 0.8,
15% annual CV death event rate for placebo, 2-sided at a=0.05, 18 months accrual
and 20 months follow-up)(135). In the DAPA-HF trial, 844 primary composite events
and 4500 patients were needed to provide a statistical power of 90% (assumptions:
HR 0.8, 11% annual CV death event rate for placebo, 1-sided at a=0.01, 18 months
accrual and 24 months follow-up)(150).

A larger sample size, accrual and follow-up time increases the certainty that the point
estimate for an outcome is the true effect size in a population. Conversely, with a
smaller sample size, there is greater variability in the point estimate, and this is
observed in wider confidence intervals. Due to a smaller sample size, shorter accrual
and follow-up time in EMPEROR-Reduced than in DAPA-HF, there was greater
uncertainty in where the true effect size for CV death and all-cause mortality lay in the
population. This is evident in there being wider confidence intervals for the HR for CV
death being in EMPEROR-Reduced than DAPA-HF (EMPEROR-Reduced, 0.92
(0.75-1.12) versus DAPA-HF, 0.82 (0.69-0.98)) (109, 150). In a fixed effects pooled
meta-analysis of EMPEROR-Reduced and DAPA-HF with a combined sample size of
8,474, the variability in the CI reduced to 22% from 37% and 29% in EMPEROR-
Reduced and DAPA-HF, respectively (119). For the pooled analysis, the HR for CV
death for SGLT2i vs placebo for the ITT population was 0.86 (0.76-0.98); for all-cause
mortality it was 0.87 (0.77-0.98). This pooled analysis increased the certainty in the

estimate of the true effect size in the population (Table 23) (119).

Table 23. Summary of Bucher ITC results for empagliflozin plus SoC versus
dapagliflozin plus SoC (EMPEROR-Reduced vs DAPA-HF, ITT population)
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Endpoint: relative effect EMPEROR- DAPA-HF: Bucher ITC:
empagliflozin placebo? versus
versus placebo? dapagliflozin®
Time to first event of adjudicated 0.75 0.75 |
CV death or adjudicated HHF: HR ' X
(95% CI) ! (0.65, 0.86) (0.65, 0.85)
Time to first event of adjudicated [
CV death or adjudicated HHF
(EMPEROR-Reduced)
?rfe?fo first worsening of heart 0.75 0.74
[ irst wi i
failure (hospitalisation or an urgent (0.65, 0.86) (0.65, 0.85)
visit resulting in intravenous
therapy for heart failure) or CV
death (DAPA-HF) : HR (95% ClI)
Time to first adjudicated HHF: HR | 0.69 0.70 |
(95% ClI) (0.59, 0.81) (0.59, 0.83)
Time to adjudicated CV death: HR | 0.92 0.82 I
(95% CI) (0.75,1.12) (0.69, 0.98)
Time to all-cause mortality: HR 0.92 0.83 ]
(95% Cl) (0.77,1.1) (0.71, 0.97)
Occurrence of adjudicated HHF [
(first and recurrent) — analysed 0.70 0.71
using a joint frailty model: HR (0.58, 0.85) (0.61, 0.82)
(95% ClI)
Occurrence of adjudicated HHF [
(first and recurrent) — analysed 0.76 0.75
using a Lin-Wei-Yang-Ying model: | (0.65, 0.89) (0.65, 0.88)
RR (95% CI)
Worsening renal function (as 052 0.71 [
defined in DAPA-HF): HR (959 ' '
CT)'ne n JHR(99% 1520 0.92) (0.44, 1.16)
Change in KCCQ total symptom [
score at 8 months/7.4 months: MD | 1.6 (0.7) 2.8 (0.5)
(SE/95% CI)
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Figure 17. Meta-analysis of EMPEROR-Redcuced and DAPA-HF trials (ITT
population)

A Al-cause mortality

Numberwith event/number of patients (%) HR (95% C)
SGLTZ inhibitor Placebo
EMPEROR- Reduced 249/1863 (13-4%) 266/1867 (14-2%) —a—— 092 (077-1-10)
DAPA-HF 276/2373 (11-6%) 329/2371 (13-9%) i 0-83(071-0-97)
Total : 0-87 (0-77-0-98)
Test for overall treatment effect p=0-018 T T T ; ]
Test for heteragensity of effect p=0-39 025 050 075 1-00 125
B cCardiovascular death
Numberwith event/number of patients (%) HR (95% C)
SGLTZ inhibitor Placebo
EMPEROR- Reduced 187/1863 (10-0%) 202/1867 (10-8%) —— 0-92 (0-75-1-13)
DAPA-HF 12712373 (96%) 7T (11-5%) —— 0-82 (0-65-0-38)

Total e 086 (076-098)

Test for overall treatment effect p=0-027
Test for heterogensity of effect p=0-40 025 0-50 075 1-00 1.75

C First hospitalisation for heart failure or cardiovascular death

Numberwith event/number of patients (%) HR (35% )
SGLT2 inhibitor Placebo
EMPEROR-Reducad 3IEV1BE3 (19-4%) 462/1BE7 (247%) [ ] i 075 (0-65-0-86)
DAPA-HF 386/2373 (163%) SO33371 (21-2%) i 074 (0-65-0-85)
Total i 0-74 (0-68-0-82)
Test for overall treatment effect pc0-0001 T I . i !
Test for heterogensity of effect p=0-89 0-25 o050 75 1-00 135
D' First hospitalisation for heart failure
Numberwith event/number of patients (%) HR (95% C)
SGLTZ inhibitor Placebo
EMPEROR- Reduced 246/1863 (13-2%) 342/1867 (18-3%) e i 0-60 (0-50-0-81)
DAPA-HF 2302373 (97%) JH23I7L (13-4%) —— i 070 (0-50-0-83)
Total -* i 0-69{0-62-0.78)
Test for overall treatment effect pe0-0001 T T T ; ]
Test for heteragensity of effect p=0-90 0-25 o050 075 1.00 135
E First kidney outcome composite
Numberwith event/number of patients (%) HR (95% C)
SGLT2 inhibitor Placebo
EMPEROR- Reduced 18/1863 (1-0%) 33/1867 (1-8%) ] 0-52 (0-29-0-92)
DAPA-HF 28/3373 (1:2%) 007371 (1-6%) . 071 {0-44-116)

Total *- 0-62 (0-43-0-90)

Test for overall treatment effect p=0-013 T . !
Test for heteragensity of effect p=0-42 025 0-50 075 1-00 1.75

F Al (first and recurrent) hospitalisation for heart failure or cardiovascular death

Number with event/number of patients (%) RR (g5% )
SGLT2 inhibitor Placebo
EMPEROR- Reduced 5751863 (30-9%) 753/1867 (40-3%) —— ; 076 (0-65-0-89)
DAPA-HF 56712373 (23-9%) 742/2371 (31-3%) i 075 (0-65-0-83)
Total ; 075 (0-68-0-84)
Test for overall treatment effect pe0-0001 I , ; : !
Test for heterogensity of effect p=0-01 025 0-50 075 100 1.75
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B.2.8.4 Study heterogeneity

As stated in Section B.2.8.1, unless there is evidence of treatment effect modifiers, a
Bucher ITC is recommended by NICE. The Bucher ITC and pooled fixed effects meta-
analysis rely on the assumption of homogeneity. That is, there are no differences in
the distribution of patient populations between EMPEROR-Reduced and DAPA-HF
that impact the estimate of relative efficacy; i.e. no treatment effect modifiers. This
assumption allows the combination of their relative effects. If this assumption does not
hold, a population adjusted ITC (such as a MAIC) should be considered. Consistent
with the NICE Guide to Methods 2013 (Section 5.2.7 to 5.2.11) (8), an assessment of
heterogeneity and investigation into the impact of treatment effect modifiers has been

undertaken.
B.2.8.4.1 Trial design

Both studies were phase lll, multicentre, double-blind RCT, conducted over the same
period in similar geographical locations suggestive of consistent clinical practices
across both trials. Compared with those in DAPA-HF, patients enrolled in the
EMPEROR-Reduced were more likely to have been treated with ARNI at baseline
(20% vs. 11%) and to have received implantable defibrillator (32% vs. 26%) or
resynchronisation therapy (12% vs. 7%) (Table 24). Using the placebo arms of the
EMPEROR-Reduced and DAPA-HF as a common comparator assumes that all
treatments comprising SoC have equivalent efficacy and the differences in the
proportion of patients receiving each type of treatment have no impact on the relative
efficacy; i.e. background treatment is not an effect modifier. In a post-hoc analysis of
the DAPA-HF trial, Docherty et al. 2020 (152) found that the relative efficacy of
dapagliflozin versus placebo was consistent across the following yes/no subgroups:
diuretic, digoxin, MRA, sacubitril + valsartan, ivabradine, implanted cardioverter-
defibrillating device, and cardiac resynchronisation therapy. Similarly, there was no
significant difference in relative efficacy of empagliflozin versus placebo in patients
receiving or not receiving ARNI (112). The use of the placebo arm of EMPEROR-
Reduced and DAPA-HF as a common comparator in the Bucher ITC and for the fixed

effects pooled meta-analysis is justified.
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Table 24. Standard of care received at baseline in EMPEROR-Reduced and

DAPA-HF trials

EMPEROR-Reduced DAPA-HF

SoC at baseline
Empagliflozin Placebo Dapagliflozin Placebo

Diuretic 94.2% 95.9% 93.4% 93.5%
ACE inhibitor or

70.5% 68.9% 84.2% 82.4%
ARB
Sacubitril valsartan 18.3% 20.7% 10.5% 10.9%
Beta-blocker 94.7% 94.7% 96.0% 96.2%
MRA 70.1% 72.6% 71.5% 70.6%
Digitalis 15.2% 16.7% 18.8% 18.6%
Implantable cardioverter- o o o o
defibrillator 31.0% 31.8% 26.2% 26.1%
Cardiac resynchronisation 11.8% 11.9% 8.0% 6.9%
therapy

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; MRA, mineralocorticoid receptor

antagonist.

B.2.8.4.2 Inclusion and exclusion criteria

EMPEROR-Reduced and DAPA-HF included patients with chronic HFrEF and LVEF<
40% (although the timing of the measurements differed between these two studies)
(109, 150). In EMPEROR-Reduced, the NT-pro-BNP inclusion criteria differed
depending on the reduction in EF, prior HHF and whether the patient had atrial
fibrillation (varying from = 600 pg/ml to = 5,000 pg/ml). There were no specific cut-offs
in DAPA-HF (Table 25). Based on these differences the target population of

EMPEROR-Reduced included patients with mild, moderate and severe disease while

DAPA-HF included patients with mild to moderate disease.
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Table 25. Summary of key inclusion/exclusion criteria

EMPEROR-Reduced DAPA-HF
NYHA class l-1Iv [I-IV (present for at least 2
months)
Reduced EF < 40% (measured within 6 months prior | < 40% (within last 12 months
to Visit 1 or after study consent) prior to enrolment)
EF = 36% to < 40%: WO AF: = 600 pg/mL
WO AF: 2 2,500 pg/mL = 400 pg/ml if HHF within

previous 12 months
AF: =900 pg/mL

AF: = 5,000 pg/mL

EF = 31% to < 35%:
WO AF: = 1,000 pg/mL
AF: = 2,000 pg/mL

EF < 30%:
WO AF: 2 600 pg/mL
AF: 21,200 pg/mL

For EF < 40% and HHF within previous
12 months:

WO AF: = 600 pg/mL
AF: = 1,200 pg/mL

NT-pro-BNP

Prior HHF NA NA

Abbreviations: AF, atrial fibrillation; EF, ejection fraction; HF, heart failure; HHF, hospitalisation for heart failure; NT-pro-BNP, N-
terminal pro hormone B-type natriuretic peptide; NA, not applicable; NYHA, New York Heart Association; WO, without.

B.2.8.4.3Baseline characteristics

The baseline characteristics between EMPEROR-Reduced and DAPA-HF were
broadly comparable across several variables, including age, sex, region, prior
Ischaemic HF and atrial fibrillation. However, there were some differences. The
EMPEROR-Reduced trial was enriched with sicker patients compared to DAPA-HF,
based on LVEF and NT-pro-BNP. Baseline LVEF was lower for (27% vs 31%) and the
median NT-pro-BNP levels higher (~1900pg/mL vs 1430 pg/mL) in EMPEROR-
Reduced compared to DAPA-HF. However, fewer patients in EMPEROR-Reduced vs
DAPA-HF were hospitalised for HHF in the preceding 12 months (~31% vs 47%), and
numerically more patients in EMPEROR-Reduced were in NYHA class Il. Baseline
eGFR was lower in EMPEROR-Reduced (~61 ml/min/1.73m2) compared to DAPA-
HF (~66 ml/min/1.73m?) (Table 26).
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Table 26. Comparison of baseline characteristics of subjects enrolled in
EMPEROR-Reduced and DAPA-HF trials

(%)

EMPEROR-Reduced DAPA-HF
Troatment (N) Empagliflozin Placebo Dapaglifiozin | Placebo

(N = 1,863) (N = 1,867) (N=2373) | (N=2371)
Age, mean (SD) 67.2 (10.8) 66.5 (11.2) 66.2 (11.0) 66.5 (10.8)
Female sex, n (%) 437 (23.5) 456 (24.4) 564 (23.8) 545 (23.0)
North America, n (%) | 212 (11.4) 213 (11.4) 335 (14.1) 342 (14.4)
South/Latin America, n
) 641 (34.4) 645 (34.5) 401 (16.9) 416 (17.5)
Europe, n (%) 676 (36.3) 677 (36.3) 1,094 (46.1) | 1,060 (44.7)
Asia Pacific, n (%) 248 (13.3) 245 (13.1) 543 (22.9) 553 (23.3)
NYHA I, n (%) 0 0 0 0
NYHA I, n (%) 1399 (75.1) 1401 (75.0) 1,606 (67.7) | 1,597 (67.4)
NYHA 11, n (%) 455 (24.4) 455 (24.4) 747 (31.5) 751 (31.7)
NYHA IV, n (%) 9 (0.5) 11 (0.6) 20 (0.8) 23 (1.0)
LVEF — %, mean (SD) |27.7 (6.0) 27.2 (6.1) 31.2 (6.7) 30.9 (6.9)
NT-pro-BNP — pg/ml, | 1,887 1,926 1,428 1,446
median (IQR) (1077, 3429) (1153, 3525) | (857,2,655) | (857,2,641)
Ischaemic HF, n (%) | 983 (52.8) 946 (50.7) 1316 (55.5) | 1358 (57.3)
HHF, n (%) 5777(31.0) 5741(30.7) 1,124 (47.4) | 1,127 (47.5)
Atrial fibrillation, n (%) | 664 (35.6) 705 (37.8) 916 (38.6) 902 (38.0)
Diabetes mellitus, n 927 (49.8) 929 (49.8) 993 (41.8) 990 (41.8)
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EMPEROR-Reduced DAPA-HF

eGFR — ml/min/1.73m?

61.8 (21.7) 62.2 (21.5) 66.0 (19.6) 65.5 (19.3)
Mean (SD)

Abbreviations: AF, atrial fibrillation; eGFR, estimated glomerular filtration rate; HF, heart failure; HHF, hospitalisation for heart
failure; LVEF, left ventricular ejection fraction; NT-pro-BNP, N-terminal pro hormone B-type natriuretic peptide; NYHA, New York
Heart Association. Rows highlighted in pink describe baseline characteristic with significant variation between the two trials.

{in EMPEROR-Reduced, the number of HHF refers to the previous 12 months, while there was no time limit on prior HHF in
DAPA-HF.

B.2.8.4.4 Qutcomes

The outcomes included in EMPEROR-Reduced and DAPA-HF are summarised in
Table 27. There were differences in how the primary composite endpoint was defined

across trials (described in B.2.8.3) and key secondary endpoints.

The definition of the composite renal outcome in DAPA-HF (time to the first occurrence
of any of the components of the composite: =50% sustained decline in eGFR or
reaching end-stage renal disease (ESRD) or renal death’) was different to that in
EMPEROR-Reduced. Sufficient data was available to re-estimate the HR in
EMPEROR-Reduced based on the definition of this endpoint in DAPA-HF and
therefore a comparison for this endpoint was possible. The KCCQ total symptom score
was reported at different time points in the two trials. The analysis of patient-level data
from EMPEROR-Reduced allowed the comparison of change from baseline in KCCQ
total symptom score to be made at a similar time point in both trials, week 32 in
EMPEROR-Reduced and at 8 months (= 35 weeks) in DAPA-HF. The slope of change
in eGFR (CKD-EPI)cr from baseline, time to onset of DM, and occurrence of all-cause

hospitalisation (first and recurrent) were not reported in DAPA-HF.

Table 27. Availability of EMPEROR-Reduced primary and secondary endpoints
in DAPA-HF trial, ITT population

Primary/secondary endpoints in EMPEROR-Reduced DAPA-HF

Time to first event of adjudicated CV death or adjudicated HHF

v
in patients with HFrEF
Occurrence of adjudicated HHF (first and recurrent) v
eGFR (CKD-EPI)_ slope of change from baseline x

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 100 of 200



Primary/secondary endpoints in EMPEROR-Reduced DAPA-HF

Time to first occurrence of chronic dialysis or renal transplant

or sustained reduction of 2 40% eGFR x
(CKD-EPI) .

Time to first adjudicated HHF v
Time to adjudicated CV death v
Time to all-cause mortality v
Time to onset of DM x
Change from baseline in KCCQ-CSS at week 52 x#
Occurrence of all-cause hospitalisation (first and recurrent) x

Abbreviations: ARNI, angiotensin receptor neprilysin inhibitor; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration
equation; cr, creatinine; CV, cardiovascular; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HHF,
hospitalisation for heart failure; HFrEF, heart failure with reduced ejection fraction; ITT, intention to treat; KCCQ-CSS, Kansas
City Cardiomyopathy Questionnaire Clinical Summary Score.

ISimilar endpoint, time to the first occurrence of any of the components of the composite 250% sustained decline in eGFR or
reaching ESRD or renal death, was reported.

#Similar endpoint, change in total symptom score at 8 months, was reported.

B.2.8.4.5 Treatment effect modifiers

Bucher ITCs

Bucher ITCs represents the best available evidence to address the comparison
requested by NICE. There is limited evidence that alternative approaches, such as
MAICs, would adequately address any heterogeneity that might impact the estimate

of relative treatment effect.

Treatment effect modifiers were identified through exploration of differences in
treatment effect within pre-specified subgroup analysis, clinical validation and
patient-level data analysis for variables not already assessed in the EMPEROR-

Reduced clinical trial report.

Potential treatment effect modifiers for time to event outcomes are listed in Table 28.
These were race, NYHA, LVEF, NT-pro-BNP, and eGFR. Justification for their

inclusion is as follows:

e Race: There were numerical differences in HRs for white vs non-white patient
in a subgroup analysis of the primary composite endpoint (CV death or HHF)

in EMPEROR-Reduced. White patients displayed a more modest effect of
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empagliflozin vs SoC than other races; but all HR were below 1 (Figure 16)
(135).

e NYHA: A publication of subgroup analysis for the primary composite endpoint
for DAPA-HF noted that the effect of dapagliflozin was generally consistent
across pre-specified subgroups, although patients in NYHA Ill or IV appeared
to have less benefit (relative to the control arm) than those in class Il. All HRs
were still below 1, but NYHA 1I/IV group had wider confidence intervals with
the upper limit crossing 1 (Figure 18) (150). NYHA was therefore considered
for inclusion in the matching variables for the time to event outcomes.

e LVEF, NT-pro-BNP and eGFR: These variables were identified from
supplementary analyses of EMPEROR-Reduced patient-level data. Selection
was based upon, whether the effect of the interaction between treatments and
covariate had a p-value of less than 0.1 and whether the interaction term was
selected from a backwards selection process. The backwards selection
process started with a model that included interaction terms for all potential
treatment effect modifiers.

These were a targeted list of treatment effect modifier. A broader list of treatment effect
modifiers was considered, similar to a recent published MAIC analysis comparing
dapagliflozin and sacubitril/valsartan, however this list was narrowed down following
clinical input. A UK cardiologist confirmed that the identification of these five variables
as treatment effect modifiers made clinical sense and that the associated matching

categories were clinically meaningful.

The objective of a MAIC is to reduce bias by making adjustments to the study
populations at baseline. However, due to the lack of overlap between LVEF and NT-
pro-BNP, this is unlikely to be achieved for the comparison of empagliflozin vs
dapagliflozin. Baseline LVEF and NT-pro-BNP required the largest adjustment in
EMPEROR-Reduced to match the DAPA-HF population (Table 29). To match the
median values of baseline characteristics in DAPA-HF, patients in EMPEROR-
Reduced with a LVEF [} and those with a median NT-pro-BNP level of [Ji. Further,
the effective sample size for EMPEROR-Reduced would be reduced by [} for both
LVEF and NT-pro-BNP respectively. A small effective sample size indicates that the

weights applied for a MAIC are highly variable due to a lack of population overlap, and
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that the estimate might be unstable. The weighting for a MAIC was applied to LVEF
and NT-pro-BNP individually. However, in EMPEROR-Reduced, with an LVEF >32%
it is only possible to have a NT-pro-BNP >1000 pg/mL at baseline whereas a patient
in DAPA-HF could have a NT-pro-BNP >600 pg/mL. Since a lower NT-pro-BNP level
indicates better health; it’s likely that sicker patients in EMPEROR-Reduced are being
matched to healthier patients in DAPA-HF.

A Bucher ITC was preferred over a MAIC for the technology appraisal for dapagliflozin
(TAB79)(6) for a comparison comparing dapagliflozin plus SoC versus
sacubitril/valsartan plus SoC, even though the PARADIGM-HF trial was more
dissimilar to DAPA-HF than EMPEROR-Reduced. Unlike EMPEROR-Reduced,
PARADIGM-HF had a five to ten week run in period where patients received enalapril
followed by sacubitril valsartan prior to randomisation. The ERG noted that the use of
a MAIC was not fully justified. There was no evidence that a population adjustment

would result in the removal of bias.
Pooled fixed effect meta-analyses

The pooled meta-analysis reported by Zannad et al 2020(119) was a fixed effects
model. Like a Bucher ITC, a pooled fixed model assumes that there is limited
heterogeneity in the population and the confidence intervals are not adjusted.
Conversely, a random effects model adjusts for heterogeneity through repeated
sampling. A random effects model should be interpreted with caution. With only two
studies, the degrees of freedom to robustly estimate inter-study variability using a

Cochrane Q test is very limited. Thus, these tests should be interpreted with caution.
B.2.8.5 Implications of the indirect comparisons
There are several implications for these analyses:

e The conclusion from the Bucher ITC that empagliflozin and dapagliflozin offer
comparable efficacy across key outcomes for patients with HFrEF is consistent

with feedback from UK clinical experts.

¢ UK clinicians advised that they want to tailor treatment to individual patients; and
would value having more than one SGLT2i available. (145) (103, 146) This would
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enable continuity of care, use in patients with an eGFR 20 to 30 mL/min/1.73m?,

and management of specific AEs.

As the key efficacy outcomes are comparable, the cost-effectiveness of SGLT2i
vs SoC is the most relevant economic evidence to consider (0) and supports a
scenario where multiple SGLT2is are recommended for use. This utilises the
pooled meta-analysis by Zannad et al 2020(119). A pooled meta-analysis has a
larger sample size, thus the ICER for SGLT2i vs SoC provides a more robust
estimate of cost estimate than empagliflozin vs SoC or dapagliflozin vs SoC alone.
The cost-effectiveness of SGLT2i vs SoC is presented in B.3.8.3 and is consistent
with Section 5.1.14 of the NICE Guide to Methods 2013(8). An economic
comparison of empagliflozin vs dapagliflozin is not presented as it will not support

prescriber choice or individualisation of care.

Table 28. Identified treatment effect modifiers

Endpoint Identified treatment effect modifiers
included in the adjusted analyses
(categories matching on)

Time to first event of adjudicated CV death or Race (White vs non-White)
adjudicated HHF NYHA class (Il vs I1I/1V)

NT-pro-BNP (< median vs > median®)
LVEF (< median vs > median*)
eGFR (< 60, = 60 ml/min/1.73 m?)

Key: CV, cardiovascular; eGFR, estimated glomerular filtration rate; HHF, hospitalisation for heart

by BresMed; 3, DAPA-HF publication

failure; LVEF, left ventricular ejection fraction; N/A, not applicable; NT-pro-BNP, N-terminal
prohormone brain natriuretic peptide; NYHA, New York Heart Association; vs, versus; 1,
EMPEROR-Reduced clinical study report; 2, EMPEROR-Reduced exploratory analyses performed

Note: * median based on median reported for comparator trial.
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Table 29. Weighting assigned to patients in EMPEROR-Reduced to be
comparable to patients in DAPA-HF

Matching Summary of characteristics Weighting
variable EMPEROR- DAPA-HF | Prognosis in
REDUCED ITT ITT EMPEROR-
Reduced versus
DAPA-HF
Overall NA NA NA NA
Race
White 70% 70% Same No change
Not White 30% 30% No change
NYHA
I 75% 68% Less severe [
v 25% 32% [ ]
LVEF
< median (32) 79% 50% More severe [
> median (32) 21% 50% I
NT-pro-BNP
< median (1437) | 36% 50% More severe [
> median (1437) | 64% 50% [
eGFR
<60 48% 41% More severe [
2 60 52% 59% [ ]
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Figure 18. Subgroup analyses for the primary outcome (a composite of
hospitalisation for heart failure, an urgent visit resulting in intravenous therapy
for heart failure, or death from cardiovascular causes) in DAPA-HF

Dapaglificzin Placebo
Subgroup (N=2373) (N=2371) Hazard Ratio (95% Cl)
no. of patients/total mo.

All patients 386/2373 502/2371 — - 0.74 (0.65-0.85)
Age

=65 yr 1621032 196998 —a— 0.78 (0.63—0.95)

=65 yr 22471341 3061373 —. 0.72 [0.60-0.85)
Sex

Male 307/1809 4061826 —— 0.73 [0.63-0.83)

Female 79564 96/545 — s 0.79 (0.39-1.05)
Race

White 2751662 3481671 —a— 0.78 (0.65—0.91)

Black 26/122 327104 - L 0.62 [0.37-1.04)

Asian 78552 118564 -——— 0.64 [0.43—0.85)

Other 7§37 432
Geographic region

Asia 77543 1147553 -—— 0.65 [0.43-0.87)

Europe 153/1094 2181060 —a— 0.24 (0.65-1.01)

Morth America 54/335 73342 = 0.73 [0.51-1.03)

South America 62401 97 /416 T 0.64 [0.47-0.88)
MYHA class

Il 150/160& 2891597 —— 0.63 [0.52-0.73)

Hlor v 136/767 213774 — s 0.20 [0.74-1.09)
LVEF

=Median 222}1230 307 /1239 —— 0.70 [0.39-0.84)

>Median 164/1143 195/1132 — = 0.81 (0.65-0.93)
NT-proBMP

=Median 1001193 1551179 -l 0.63 (0.43-0.80)

=Median 286/1179 347 /1191 —.— 0.79 [0.63-0.92)
Hospitalization for heart failure

Tes 195/1124 2791127 — 0.67 [0.36—0.80)

No 1911249 2231244 —a— 0.84 (0.69-1.01)
MRA at baseline

Tes 2811696 3611674 —a— 0.74 [0.63-0.87)

Mo 105]677 1417837 —_— . 0.74 (0.57-0.95)
Type 2 diabetes at basaline

Yes 215/1075 2711064 —— 0.75 (0.63—0.90)

No 171/1298 2311307 —a— 0.73 [0.60-0.88)
Adtrial fibrillation or flutter on enrollment ECG

Yes 103/569 126/559 _ 0.2 (D.63-1.06)

Ne 2771804 3761812 —— 0.72 [0.el1-0.24)
Main cause of heart failure

Ischemic 223/131& 2831338 e — 0.77 [0.65-0.92)

Monischemic or unknown 1563/1057 7131013 P S 0.71 (0.58-0.87)
Body-mass index

<30 259/1537 320/1533 S 0.78 (0.66-0.92)

=30 1277834 182838 —a— 0.69 [0.35-0.85)
Baseline @GFR (mljmin/1.73m)

<60 131/962 254964 — 0.72 [0.39-0.85)

=60 135/1410 2481406 —_— . 0.76 [0.63-0.92)

{I!E D!E 1.0 1!2
Dapaglifiozin Batter  Placebo Better
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B.2.9 Adverse events

Median exposure to study medication was approximately 14 months in both treatment
groups, with 61% of patients treated for at least 1 year. Safety was assessed
descriptively based on adverse events (AEs), adverse events of special interest
(AESIs), and specific AEs.

A similar overall proportion of patients in the empagliflozin and placebo groups
reported at least one AE, most of which were of mild or moderate intensity (Table 30).
Proportions of patients experiencing severe AEs and AEs leading to premature
discontinuation of study medication were also similar between the two groups (Table
31).

Table 30. Overall summary of AEs in the TS

Category of AEs Placebo, N (%) Empagliflozin 10 mg, N (%)
Number of patients in the TS, N (%) 1863 (100.0) 1863 (100.0)
Patients with any AEs
Mild
Moderate
Severe

Investigator-defined

drug-related AEs

AEs leading to discontinuation

of study medication

Serious AEs

Serious AEs

Resulting in death

Life threatening

Persistent or significant
disability/incapacity

Requires or prolongs hospitalisation

Congenital anomaly or birth defect

Other medically important serious event|
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Source: EMPEROR-Reduced CSR, Table 15.3.1.1 (135)

Abbreviations: AE, adverse event; TS, treated set.

Note: Percentages calculated using total number of patients per treatment as the denominator. A patient may be counted in more
than one seriousness criterion.

{[Other medically important serious event was defined as any important medical event (when based upon appropriate medical
judgment) which might jeopardise the patient and might require medical or surgical intervention to prevent one of the other serious
outcomes included in the definition of serious adverse events shown in the table above. Examples of such events could be
intensive treatment in an emergency room or at home for allergic bronchospasm, blood dyscrasias, or convulsions that do not
result in hospitalisation or development of dependency or abuse.

The overall frequency of serious AEs (SAEs) was lower in the empagliflozin group
than in the placebo group, consistent with the efficacy analyses of all-cause
hospitalisations (Table 31). The most frequent SAEs were cardiac disorders,
pneumonia and acute kidney injury. All other SAEs were reported in less than 3.0% of

patients per treatment group.

Table 31. Serious AEs with frequency >1% -exposure adjusted, in the TS

MedDRA SoC Empagliflozin
Placebo, N (%
MedDRA PT (%) 10mg, N (%)
Number of patients 1863 (100%) 1863 (100%)

Total with SAEs

Cardiac disorders

Cardiac failure

Ventricular tachycardia

Atrial fibrillation

Cardiac failure congestive

Cardiac failure chronic

Cardiac failure acute

Acute myocardial infarction

Infections and infestations

Pneumonia

Renal and urinary disorders

Acute kidney injury

Renal impairment

Nervous system disorders

Ischaemic stroke
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MedDRA SoC —
Placebo, N (%) Empagliflozin

MedDRA PT 10mg, N (%)
General disorders & administration site [ [
conditions
Death | |
With investigator-defined [ [

drug-related AEs

Source: EMPEROR-Reduced CSR Table 12.2:1 (135)

Abbreviations: AE, adverse event; MedDRA, Medical dictionary for regulatory activities; SoC, system organ class; MedDRA PT,
Medical dictionary for regulatory activities preferred term; SAE, serious adverse event; TS, treated set.

Adverse events of special interest (AESIs) were pre-specified in the protocol as
hepatic injury, decreased renal function, ketoacidosis, and AEs leading to lower limb
amputation. Overall frequencies of AESIs were comparable in the empagliflozin and

placebo groups (Table 32). No ketoacidosis events were reported in either group.

Specific AEs were defined as urinary and genital tract infections, volume depletion and
hypotension, confirmed hypoglycaemic events, bone fractures and urinary tract
malignancies. As known for the drug class, uncomplicated genital tract infections
occurred more often with empagliflozin than with placebo, while complicated genital
infections or those leading to treatment discontinuation had similar frequency in both
groups. There was a numerical but not clinically meaningful increase in volume
depletion and hypotension with empagliflozin relative to placebo, including events that
were reported as SAEs or that led to treatment discontinuation. No increase in
confirmed hypoglycaemic events was detected for patients with or without T2DM, and
no severe hypoglycaemic events were reported in patients without T2DM. The
frequencies of the remaining types of specific AEs were similar between the groups
(Table 32).

Table 32. Summary of AESIs and specific AEs, TS

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 109 of 200



Category of AESIs and specific AEs Placebo, N (%) Empagliflozin 10 mg, N (%)
Number of patients 1863 (100.0) 1863 (100.0)
AESIs
Acute renal failure [ [
Serious [ [
Leading to discontinuation - -
Hepatic injury - -
Serious [ [
Leading to discontinuation - -
Up to 30 days after treatment - -
discontinuation
Ketoacidosis - -
AEs leading to LLA up to trial completion [ [
(investigator-defined)

Specific AEs

Urinary tract infection

Complicated

Leading to discontinuation

Genital infection

Complicated

Leading to discontinuation

Volume depletion

Hypotension

Serious

Leading to discontinuation

Symptomatic hypotension (investigator-
defined)

Confirmed hypoglycaemic events*

In patients with T2DMT

In patients with pre-diabetes'
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Category of AESIs and specific AEs Placebo, N (%) Empagliflozin 10 mg, N (%)

In patients without diabetes or pre- - -
diabetes'
Bone fracture [ [
Serious [ [
Leading to discontinuation - -
Up to trial completion - -
Urinary tract malignancy up to trial [ [ ]
completion

Source: Empagliflozin CSR Table 12.1.3:1 (135)

Abbreviations: AE, adverse event; AESI, adverse event of special interest; LLA, lower limb amputation; T2DM, type 2 diabetes
mellitus; TS, treated set

*Hypoglycaemic AEs with a plasma glucose value of <70 mg/dL or where assistance was required

TPatients with events/patients in subgroup (%)

B.2.10 Ongoing studies

There are no ongoing studies of empagliflozin relevant for this appraisal.

B.2.11 Innovation

As stated in B.1.3.1.2, HF affects just under 1 million people in the UK, of which nearly
two-thirds are estimated to have HFrEF (42, 102). Although established treatments for
HFrEF are associated with improved outcomes, the mortality and hospital admission
rates of HFrEF patients remain high, with many patients not receiving recommended
doses of treatment (57, 102, 153). ACE inhibitors or ARBs in combination with BBs
are the cornerstone of the current management of HFrEF in the NHS, but optimal
outcomes require gradual up-titration until the recommended dose is reached (34, 154,
155). In clinical practice, only a minority of patients achieve the recommended doses.
This is often due to limiting comorbidities such as renal impairment, hypotension or
asthma but could also be partly attributable to the length of time required to up-titrate
with patients less likely to adhere to a lengthy treatment process without benefiting
from immediate clinical improvements (61, 62). Patients on suboptimal ACEi/ARB or
BB doses have been shown to have greater symptom burden and a significantly higher
risk of death or HHF compared to the minority of patients on target doses (61).
Sacubitril valsartan or ivabradine are recommended second line options for
symptomatic patients (156, 157). Their uptake in clinical practice has however been
limited by strict eligibility criteria (LVEF < 35%, NYHA class II-IV and for ivabradine,
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resting heart rate =275 bpm) and contraindications (hypotension, renal impairment
and/or hyperkalemia) (158-160).

A critical challenge in the management of HFrEF therefore pertains to the large
proportion of patients who do not receive guideline-directed doses of recommended
treatments or are ineligible for them. This is typically an elderly population with pre-
existing chronic kidney disease, diabetes and hypertension (10, 41), all of which are
known risk factors for significantly worse outcomes and are a contributing factor to
many patients being ineligible or unable to receive the recommended doses of HF
therapy (113, 153, 161). A high unmet need for an effective treatment that improves
HFrEF outcomes, symptoms and QoL among high-risk patients with CRM

comorbidities therefore remains.

As an add-on to the SoC, empagliflozin offers a step change in the management of
HFrEF within the NHS:

e |t significantly reduces the risk of CV death or HHF while significantly improving
renal outcomes and QoL in a population with broad spectrum of severity of
HFrEF regardless of age, gender, use of neprilysin inhibitor, presence or absence
of diabetes (113) or chronic kidney disease (111).

e As a fixed dose, once-per-day, orally administered medication, empagliflozin is
simple for physicians to initiate and for patients to adhere to, saving NHS
professionals’ time that would otherwise be spent on dose titration or on training
patients to self-administer.

e Substantial reduction in HHF seen with empagliflozin combined with simplicity of
initiation suggests that its adoption in primary care could support efficiency
improvements in the allocation of NHS resources by releasing capacity in
secondary care. A recently published report by NICE on implementation of
NG106 noted that patients with HF often have comorbid diabetes and CKD that
require visits to additional specialist clinics (162). SGLT2 inhibitors like
empagliflozin offer an opportunity to promote a more holistic approach to
treatment of adults with T2DM (162). Empagliflozin is already indicated in T2DM
(1), and with a marketing authorisation in HFrEF expected in August 2021, it

could support this objective.
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Having multiple SGLT2is recommended for use by NICE, similar to T2DM, has

several benefits:

To support continuation of care (i.e., no need to switch T2DM patients already

managed with empagliflozin if they develop comorbid HFrEF).

e To overcome potential practical challenges, such as supply chain issues,

should they occur.

e The availability of additional SGLTZ2is may help to bridge in inequalities seen

between those with better or worse access to care (Section B.1.4).
e To allow patient and clinician choice.

e Tailor treatment for patients who are severely renally impaired. Unlike DAPA-
HF, EMPEROR-Reduced permitted the inclusion of patients with an eGFR as

low as 20mL/min/1.73mZ.

¢ Management of specific AE’s. For example, unlike dapagliflozin, no cases of
ketoacidosis were observed in the EMPEROR-Reduced trial; this assumption
is further supported by the EMPA-REG OUTCOME trial in patients with T2DM
and established CV disease where very few cases were observed and there

was no imbalance between treatment groups (163).

B.2.12 Interpretation of clinical effectiveness and safety evidence

In the EMPEROR-Reduced trial, treatment with empagliflozin 10 mg once daily as an
add-on to SoC in patients with HFrEF (LVEF<40%) demonstrated superiority
compared to placebo for the primary endpoint, time to the first occurrence of
adjudicated CV death or adjudicated HHF. The superiority over placebo was also
demonstrated for key secondary endpoints, occurrence of adjudicated HHF (first and

recurrent) and eGFR (CKD-EPI)* slope of change from baseline.

Treatment with empagliflozin as an add-on to SoC leads to a clinically and statistically
significant reduction in risk of CV death or HHF by 25% compared with placebo added
to SoC. During the trial period, the number of patients who needed to be treated with
empagliflozin to prevent one primary event was 19 (95% CI, 13 - 37). The treatment

effect of empagliflozin became apparent shortly after randomisation and was

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 113 of 200



maintained throughout the trial. The results of all sensitivity analyses were consistent
with the results of the primary analysis (i.e. the HR was numerically similar). The
results were also consistent across the pre-defined subgroups stratified by baseline
diabetes status, baseline eGFR, age and geographical region, as indicated by the
point estimate HR for time to CV death or HHF for each subgroup being below the no-

effect value of 1.

The risk of all-cause hospitalisation was reduced with empagliflozin compared to
placebo, both for the first occurrence (by | and for recurrent events (by |}
Furthermore, fewer patients receiving empagliflozin were reported with all-cause or
CV mortality, although the treatment effect was not significant on a nominal level. Most
of the deaths in the trial were due to CV causes and were classified as sudden cardiac

death or HF death, as expected in this population.

The decline in renal function, evaluated based on change in eGFR slope from
baseline, was significantly slower in the empagliflozin group, with an estimated
difference in slope of about 1.7 mL/min/1.73 m? per year vs. placebo. Consistent with
the attenuated deterioration of renal function, the risk of serious renal outcomes
(chronic dialysis, renal transplant, or sustained reduction in eGFR) was halved in the
empagliflozin group relative to placebo, demonstrating that empagliflozin has clinically
meaningful nephroprotective as well as cardioprotective effects. The findings from the
EMPEROR-Reduced study therefore have important clinical implications for the

holistic treatment of indications comprising the “cardiorenal syndrome”.

A higher proportion of patients in the empagliflozin group than in the placebo group
showed a clinically meaningful improvement in KCCQ-CSS after 52 weeks of
treatment of at least 5 points from baseline. Consistently, a lower proportion of patients
in the empagliflozin group than in the placebo group showed deterioration. The
favourable effect of empagliflozin was driven by all domains of the KCCQ-CSS,
including symptom frequency, symptom burden, and physical limitations. Supportive
analyses of KCCQ-OSS and KCCQ-TSS were consistent with these findings.

Overall, empagliflozin was well tolerated in HFrEF patients with or without T2DM.
Adverse events reported in the trial were consistent with the known safety profile of

empagliflozin. As expected for the SGLT2 drug class, uncomplicated genital infections
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were more common in the empagliflozin group. The frequency of hypoglycaemia,
lower limb amputation, and bone fracture did not differ between the two groups, even
though these AEs have been associated with the use of SGLT2 inhibitors in trials with
T2DM patients (164). Overall, the proportion of patients experiencing SAEs was lower
in the empagliflozin than in the placebo group, consistent with the efficacy analyses of
all-cause hospitalisations. Safety concerns that have been seen with other drugs for
HF (e.g., hypotension, volume depletion, renal dysfunction, bradycardia, and

hyperkalemia) were not evident with empagliflozin in EMPEROR-Reduced.

In addition to direct evidence, the effect of SGLT2 inhibition by empagliflozin or
dapagliflozin on CV mortality and all-cause mortality in HFrEF was investigated in a
meta-analysis of their RCTs (EMPEROR-Reduced and DAPA-HF, respectively) since
neither trial was sufficiently powered to evaluate these endpoints (119). The meta-
analysis estimated that SGLT2 inhibition was associated with a 13% reduction in all-
cause death (pooled HR 0-87, 95%ClI, 0.77-0.98; p=0-018) and 14% reduction in CV
death (pooled HR 0-86, 95%CI, 0-76—0-98; p=0-027). The risk of a composite renal
endpoint was also significantly reduced with SGLT2 inhibitors (0-62, 0-43—-0-90;
p=0-013). Since EMPEROR-Reduced was enriched for patients with more severe but
stable HFrEF, it provided evidence that benefits of SGLT2 inhibition extend to patients

with severe left ventricular dysfunction.

In conclusion, data presented in this section demonstrate that empagliflozin
10mg is associated with a clinically meaningful reduction in risk of CV death or HHF
and a slower progressive decline of renal function in patients with HFrEF, regardless
of the presence or absence of diabetes. The data therefore supports addition of

empagliflozin to the guideline-directed medical therapy for this patient population.
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B.3 Cost-effectiveness

A Markov model with health states defined by KCCQ-CSS quartiles was developed to
estimate the lifetime costs and outcomes of patients with HFrEF.

In base case analysis, which evaluated the cost-effectiveness of empagliflozin as an add-on
to SoC compared to SoC alone, empagliflozin was estimated to increase life years and
quality adjusted life years by [} and [l per patient, respectively, and to reduce HHF by
Il <vents per 100 patient-years. The incremental cost-effectiveness ratio of | per QALY
indicated that empagliflozin is highly cost-effective as an addition to the SoC in HFrEF.
Deterministic sensitivity analyses demonstrated that the cost-effectiveness results were
robust with respect to variation in individual model parameters. The treatment effect
associated with HHF was identified as the most influential driver of model results. The ICER
however remained below | (<£10k) per QALY across all parameter variations.
Probabilistic sensitivity analyses indicated - and - probability of empagliflozin being
cost-effective at the willingness-to-pay thresholds of £20,000 per QALY and £30,000 per
QALY, respectively.

Results of scenario analyses indicate that ICER is not significantly affected by structural
assumptions including the number of inflection points, choice of parametric distribution for
mortality or treatment discontinuation, utility age-adjustment, or cost of non-CV death, with
all scenarios resulting in ICERs <£6,500 per QALY.

Empagliflozin therefore represents a highly cost-effective use of NHS resources in the

treatment of symptomatic patients with chronic HF and reduced ejection fraction.

B.3.1 Published cost-effectiveness studies
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A SLR was conducted to identify existing economic evaluations for the treatment of
HFrEF patients. Full details of the process and methods used are described in

Appendix G.

In summary, a total of 44 cost-effectiveness studies were identified. Of these, nine
were conducted in the UK and deemed relevant for this submission. A table summary
of all included studies and a critical appraisal of the nine UK-based studies are
summarised in Appendix G. Table 33 reports a summary of the model characteristics,
patient population and results of the UK-based studies, two of which were NICE
technology appraisals, three were Scottish Medicines Consortium (SMC) technology
appraisals, one was an All Wales Medicines Strategy Group (AWMSG) technology
appraisal and three were publications. All studies reported the type of model used in
the analysis, and these varied from a Markov model (often reported as two state) to a
discrete event simulation. Where reported, a monthly cycle length was commonly
modelled over a lifetime horizon. The cost-effectiveness analysis and modelling
approach relevant to the decision problem was aligned with a recent McEwan et al
2020 publication (165).
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Table 33. Summary list of published UK cost-effectiveness studies

Study, Summary of model Patient population QALYs (intervention, Costs (currency) ICER (per
Year (average age in comparator) (intervention, QALY gained)
years) comparator)
McEwan et | Type of model: Markov Patients from the Intervention (Dapagliflozin | Intervention (Dapagliflozin | £5,822
al 2020 state-transition cohort DAPA- HF trial: plus standard therapy): plus standard therapy): (Committee’s
(165) model with health states ; 4.61 £16,408 preferred ICER
stratified by baseline Aged 18 years with was £7,264)
T2DM status. NYHA functional
Time horizon: class Comparator (standard Comparator (standard
o Il to IV HF, with a left therapy): 4.13 therapy): £13,628
Lifetime ventricular ejection
Cycle length: fraction <40%, and
Monthly were
optimally treated with
pharmacological and
device therapy.
Average age of 66
years for Intervention
(Dapagliflozin +
standard therapy)
and 67 years for
comparator (standard
therapy)
McMurray Type of model: Decision | Patients based on Intervention (Sacubitril Intervention (Sacubitril £17,134
et al 2018 analytic model developed | the characteristics in | valsartan): 5.58 valsartan): £23,720
(166) based on a series of the PARADIGM-HF
regression models trial, with mean age _ .
Time horizon: of 64 years Comparator (ACEi): 5.06 Comparator (ACEi):
: £14,814
Lifetime
Cycle length:
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Study, Summary of model Patient population QALYs (intervention, Costs (currency) ICER (per
Year (average age in comparator) (intervention, QALY gained)
years) comparator)
1 month (with half-cycle
correction)
Lee et Type of model: Discrete | Simulated patient Intervention (Eplerenone Intervention (Eplerenone £3,520
2014 (167) | event simulation population derived plus standard care): 6.19 plus standard care):
. N from that enrolled in £18,559
Time horizon: EMPHASIS-HF trial
Lifetime (all patients had Comparator (standard
Cycle length: NYHA class Il, with a | care alone): 4.98 Comparator (standard
mean age of 69 care alone): £14,275
Not reported years, a mean LVEF
of 26% and 78%
patients were men)
NICE Type of model: Two state | Individual patient- Intervention (Sacubitril Intervention (Sacubitril £18,187
[Sacubitril Markov economic model level data from the valsartan in combination valsartan in combination
valsartan], | with health states defined | PARADIGM-HF trial with standard care): 4.87 with standard care):
2015 (168) | as alive and dead with a mean age of £20,734
: S 64 years
Time horizon: Comparator (ACEi in
Lifetime combination with standard | Comparator (ACEi in
) care): 4.46 combination with standard
Cycle length: care): £13,286
1 month (with half-cycle
correction)
NICE Type of model: Two state | Patient-level data Incremental QALYs Incremental costs £8,498
[lvabradine] | Markov economic model from the SHIFT trial (ivabradine plus standard | (ivabradine plus standard
, 2012 with health states defined | with a mean age of care vs. standard care care vs. standard care
(169) as alive and dead 61 years alone): 0.28 alone): £2,376
Time horizon:
Lifetime
Cycle length:
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[Ilvabradine]
, 2012
(172)

model

Time horizon:
Not reported
Cycle length:
Not reported

HF NYHA class II-IV
in sinus rhythm and
heart rate 275 bpm
with a mean age of
60 years

(ivabradine plus standard
care vs. standard care
alone): 0.31

(ivabradine plus standard
care vs. standard care
alone): £1,875

Study, Summary of model Patient population QALYs (intervention, Costs (currency) ICER (per
Year (average age in comparator) (intervention, QALY gained)
years) comparator)

Monthly (with half-cycle

correction)
SMC Type of model: Two state | Patients were Incremental QALYs Incremental costs £18,348
[Sacubitril Markov economic model modelled using the (sacubitril valsartan plus (sacubitril valsartan plus
valsartan], with health states defined | baseline standard care vs. enalapril | standard care vs. enalapril
2016 (170) | as alive and dead characteristics of plus standard care): 0.42 | plus standard care):

: N each patient from the £7,685

T.|m¢.e horizon: PARADIGM-HF

Lifetime study with mean age

Cycle length: of 64 years

Not reported
SMC Type of model: Decision | Patients similar to Incremental QALYs Incremental costs £3,822
[Eplerenon | analytic model developed | that of the (sacubitril valsartan plus (sacubitril valsartan plus
e], 2012 based on a series of EMPHASIS-HF study | standard care vs. enalapril | standard care vs. enalapril
(171) regression models with NYHA class Il plus standard care): 1.21 plus standard care):

Time horizon: HF and LVEF<30% £3,140

with mean age of 69

Lifetime years

Cycle length:

Not reported
SMC Type of model: Markov Patients with chronic | Incremental QALYs Incremental costs £6,002
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Study,

Summary of model

Patient population

QALYs (intervention,

Costs (currency)

ICER (per

Lifetime
Cycle length:
Not reported

LVEF< 30%, in line
with the patient
population in the
EMPHASIS-HF trial
with mean age of 69
years

Comparator (standard
optimal therapy): 4.98

Comparator (standard
optimal therapy): £9,882

Year (average age in comparator) (intervention, QALY gained)
years) comparator)

AWMSG Type of model: Discrete Patients with chronic | Intervention (eplerenone Intervention (eplerenone £3,534

[Eplerenon | event simulation model systolic HF with with standard care): 6.19 in combination with

e], 2012 Time horizon: NYHA class Il standard care): £14,184

(173) symptoms and

Abbreviations: AWMSG, All Wales Medicines Strategy Group; HF, heart failure; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; QALYSs, quality-adjusted life years; SMC,

Scottish Medicines Consortium; T2DM, type 2 diabetes mellitus; ICER, incremental cost-effectiveness ratio
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B.3.2 Economic analysis

The SLR of cost-effectiveness studies, described in Appendix G, identified 44 unique
economic evaluations in HFrEF. None of the published economic models were
available for the evaluation of the cost-effectiveness of empagliflozin versus placebo,
and of SGLT2 inhibitors versus placebo, in adults with chronic HFrEF. Therefore, a de
novo model was developed using Microsoft Excel® (Office 365, version 2008) with

Visual Basic for Applications (VBA) functionality.

The published models for HF treatments were considered during the conceptualisation
of the model for empagliflozin. In particular, the economic model for dapagliflozin in
HFrEF submitted to NICE as part of TA679 was found to adequately reflect the
variation in risk with disease severity through the use of time-updated KCCQ-TSS
covariates in risk equations for all-cause mortality, CV mortality, HHF (6). The NICE
evaluation committee for TA679 concluded that the KCCQ tool is a reasonable way to
classify disease severity and is appropriate for decision making (6). A similar approach
was therefore adopted for modelling cost-effectiveness of empagliflozin in HFrEF, that
is, with KCCQ-CSS rather than KCCQ-TSS-defined health states as explained in more

detail in section B.3.2.2.
B.3.2.1 Patient population

The patient population considered in the cost-effectiveness analysis is adults with
symptomatic chronic heart failure with reduced ejection fraction in accordance with the
anticipated marketing authorisation of empagliflozin and the decision problem
considered in this submission. Empagliflozin is indicated in adults for the treatment of
symptomatic chronic heart failure with reduced ejection fraction. The population is also
reflective of the ITT population of the EMPEROR-Reduced trial (109).

In accordance with the trial inclusion criteria, the modelled cohort comprised adults
with chronic HF with LVEF < 40% and NYHA class II-IV. The KCCQ-CSS distribution
of patients in the ITT population at baseline across quartiles was used to inform the
initial distribution of patients across alive health states at the start of the model and
influenced the rates of all-cause death, CV death, and HHF (Table 34). The modelled
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cohorts in the empagliflozin + SoC and placebo + SoC arms were assigned the same

baseline characteristics.

Table 34. Mean patient characteristics of the modelled cohort at model entry
based on EMPEROR-Reduced trial, ITT population

Baseline ITT population SE
characteristic
Demographics
Age (years) 66.84 0.18
Age (265 years) 62% 0.01
Sex: Male 76% 0.01
Region
Asia 13.2% 0.01
Europe 36.3% 0.01
Latin America 34.5% 0.01
North America 11.4% 0.01
Other 4.6% 0.00
KCCQ-CSS
KCCQ-CSS 0 to <55 [ ] N
(Quartile 1)
KCCQ-CSS: 55 to <75 | ] |
(Quartile 2)
KCCQ-CSS: 75 to <90 ] |
(Quartile 4)
KCCQ-CSS: 90 to 100 | ] | ]
(Quartile 4)
NYHA class
Baseline NYHA II 75.1% 0.01
Baseline NYHA Il 24.4% 0.01
Baseline NYHA IV 0.5% 0.00
Treatment use at baseline
ACEi 45.4% 0.01
ARB 24.3% 0.01
ARNi 19.5% 0.01
MRA 71.3% 0.01
BB 94.7% 0.00
. Loo_p or high cei'ling 84.5% 0.00
diuretics (furosemide)
Medical history
Ischaemic cause of HF ‘ 51.7% 0.01

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor
neprilysin inhibitor; BB, beta-blocker; CSS, clinical summary score; HF, heart failure; ITT, intent to treat; IVA, ivabradine; KCCQ,
Kansas City Cardiomyopathy Questionnaire; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association;
SE, standard error.
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B.3.2.2 Model structure

The model uses a Markov cohort state-transition approach and describes the clinical
course of HFrEF using five discrete health states defined by quartiles of the baseline
distribution of KCCQ-CSS in the combined empagliflozin and placebo treatment
groups (KCCQ-CSS quartiles 1 to 4 corresponding to KCCQ-CSS scores of 0 to [
to [, and i to 100, respectively, with higher score corresponding to a better health
status), and death, with health state-specific costs and utilities (Figure 19). The use of
quarters vs tertiles was also explored for categorising KCCQ-TSS. Quartiles were
found to provide a better fit to the observed data than tertiles while still retaining
adequate patient numbers in each subgroup to permit statistically robust analysis and
providing sufficient granularity in predicting patient outcomes. Evenly spaced quarters
were also rejected (i.e. 0-25, 26-50, 51-75, 76-100) as they did not contain adequate
patient numbers in each group for a robust analysis. Similarly, health states defined
by KCCQ-CSS tertiles of the baseline distribution was explored; however the analysis
of transition probabilities showed less differentiation between the treatment groups

and over time, suggesting loss of sensitivity to differences.

The patient cohort entered the model according to the baseline distribution of KCCQ-
CSS quartiles. From this state, patients could transition to a higher (i.e., regress/lower
disease burden) or lower (i.e., progress/higher disease burden) KCCQ-CSS quartile,
remain in the same state, or die. In each of the states, patients could experience an
AE or HHF, or a composite renal outcome. Transitions between the health states

occurred in one month cycles, and half-cycle correction was applied.

KCCAQ score is an established disease-specific measure of health status derived from
a 23-item self-administered questionnaire that quantifies a patient’s perception of their
health status (174, 175). The KCCQ score has been shown to be valid, reliable, and
sensitive to clinical changes, with low KCCQ score being an independent predictor of
poor prognosis in HF (176-178). KCCQ-CSS, unlike KCCQ-TSS, was an exploratory
endpoint in EMPEROR-Reduced. Stratification of patients by baseline KCCQ-CSS
showed that the risk of CV death or HHF was higher in patients with lower baseline
KCCQ-CSS (Il and [l per 100 patient years at risk for KCCQ-CSS score <},
respectively) (120). This prognostic correlation enabled the impact of disease severity
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to be captured in the KCCQ-CSS health state utilities and risk of events, thus allowing
more accurate modelling of the clinical course of HF compared with the two state
Markov model in TA388 (168).

Health states defined by KCCQ-CSS rather than NYHA class or KCCQ-TSS represent
an improvement of the cost-effectiveness models in TA267 and TAG679 (6, 169)

because:

e As a patient-reported outcome, KCCQ-CSS is a more accurate and
reproducible measure of HF severity than the physician-reported NYHA class
(32);

e Compared to KCCQ-TSS, KCCQ-CSS is broader in scope as it encompasses
TSS and physical limitations (174).

The model captured the occurrence of first and subsequent HHF and treatment-related
AEs as transient events. Transition to the death state was modelled using parametric
survival equations for CV mortality and all-cause mortality. All model equations were
derived using the EMPEROR-Reduced trial data with KCCQ-CSS health states as
time-varying predictors.

At the end of each cycle, patients transitioned from the alive health states to death
based on the estimated all-cause death rate. The CV death equation was used to
estimate the proportion of patients who die from CV causes. The difference between
the all-cause death rate and the CV death rate represented the non-CV death rate.
Patients could discontinue treatment with empagliflozin at any cycle. After
discontinuation, patients received SoC treatment until death or the end of the model
time horizon. Patients who discontinued treatment with empagliflozin experienced
thereafter the same event rates and health state transition probabilities as patients
receiving placebo. The transition probability matrix for transitions between KCCQ-CSS
quartiles was then applied to the remaining patients in the alive health states to
calculate the health state distribution in the next cycle. Monthly transition probabilities
were derived using longitudinal measurements of health status defined by KCCQ-CSS
in the trial, as described in section B.3.3. Within each alive health state, patients could

experience an adverse renal outcome (chronic dialysis, renal transplant or sustained
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reduction in eGFR) according to the event rates observed in the EMPEROR-Reduced
trial (Section B.2.6.2.3).

Figure 19. Model schematic

r y O )
Composite Renal*

KCCQ-CSS KCCQ-CSS
Quartile 1 Quartile 2

DEAD

(CV or non-CV death)

KCCQ-CSS KCCQ-CSS
Quartile 3 Quartile 4

ALIVE )

I Health states
_ Transient events

*co-existing with other alive states
Abbreviations: CSS, clinical summary score; CV, cardiovascular; HHF, hospitalisation for heart failure; KCCQ, Kansas City
Cardiomyopathy Questionnaire. Q1, Quartile 1: 0 to <55.2; Q2, Quartile 2: 55.2 to <75; Q3, Quartile 3: 75 to <89.6; Q4, Quartile
4:89.6 to 100.

Costs included direct medical costs for treatment acquisition, clinical event
management and disease management. Utilities were accrued based on time spent
in each KCCQ-CSS quartile, adjusted for disutilities associated with HHF and AEs.
The model tabulates the cumulative number of clinical events experienced by the
cohort, event rates per 100 person years (PY), life years (LY), QALYs, costs, and

ICER. A 3.5% annual discount rate was applied to costs and health outcomes

A Markov multi-state model structure based on disease severity was considered the
most appropriate because it allowed explicit modelling of the relationship between
disease progression and clinical outcomes through the specification of different rates
of HHF and CV death depending on the KCCQ-CSS quartile, and enabled inclusion
of short-term as well as long-term health benefits in the rate of health state transitions.
This structure addresses the concerns surrounding the two state Markov models of
chronic HF previously submitted to NICE (168, 169) and follows the well-received
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modelling approach in TA679 (6). It was also considered simpler and more efficient
than a patient-level simulation approach (used in NICE TA388 (168) requiring less
computational time while still adequately capturing heterogeneity across patients with
HFrEF through a tractable number of mutually exclusive and exhaustive health states
whose occupancy is determined by patient characteristics related to individual’s
KCCQ-CSS state. The model presented here also captures empagliflozin’s capacity
to slow the progression of renal impairment in accordance with the outcomes specified

in the Final Scope.

The chosen model structure is aligned with the clinical care pathway described in
section B.1.3.1.1 and reflects the anticipated early positioning of empagliflozin as an
add-on to the current first line treatments for HFrEF recommended in the NICE
treatment guideline for heart failure (ACEi/ARBs + BBs + MRA, with ARB prescribed
for patients intolerant to ACEis) (23). The main features of the cost-effectiveness
model are summarised and compared to those of previous NICE technology

appraisals in HFrEF in Table 35.
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Table 35. Features of the current and previous economic analysis

Previous appraisals

Current appraisal

Factor

TA267
(lvabradine)

TA388
(Sacubitril valsartan)

TA679
(Dapagliflozin)

Chosen values

Justification

Model structure

A 2-state Markov
cohort model (alive
and dead). Within
the alive state,
patients were
further sub-divided
into 4 NYHA states

Patient-level simulation
in the base-case;
secondary analyses
used a 2-state Markov
cohort model (alive and
dead)

A Markov model with 5
states, including death,
using KCCQ-TSS
quartiles to capture
disease severity and
progression

A Markov model with 5
states, including death,
using KCCQ-CSS
quartiles to capture
disease severity and
progression

A time-varying covariate
by KCCQ-CSS quartile in
risk/survival /utility
equations allows
modelling of the
relationship between
disease severity and
outcomes (HHF, CV
death, all-cause death)

Comparators

Standard treatment
without ivabradine.

ACEi in combination
with standard care.

ARB in combination with
standard care (for
people in whom an ACEi
is unsuitable).

Standard care includes
treatment with a beta-
blocker and an
aldosterone antagonist.

For the treatment of
HFrEF patients on
ACEi or ARB, in
combination with beta-
blocker, tMRA, the
comparators are:

e  Sacubitril valsartan
e Placebo

For the treatment of
HFrEF patients on
sacubitril valsartan, in
combination with beta-
blocker, tMRA, the
comparator is:

e Placebo

Standard care without
empagliflozin.

Standard care is defined
as:

e ACE inhibitors in
combination with
beta-blockers,
and/or
mineralocorticoid
receptor antagonists

e ARBsin
combination with
beta-blockers,
and/or
mineralocorticoid
receptor antagonists

Sacubitril valsartan in
combination with beta-
blockers, and/or

See Table 1.
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Previous appraisals

Current appraisal

Factor

TA267
(lvabradine)

TA388
(Sacubitril valsartan)

TA679
(Dapagliflozin)

Chosen values

Justification

mineralocorticoid
receptor antagonists

PARADIGM trial; rate of
EQ-5D decline from
Berg 2015 explored in
scenario analyses (179)

trial

Time horizon Lifetime Lifetime Lifetime Lifetime HF is a chronic disease,
with costs and effects of
treatment accumulating
over lifetime

Treatment waning No No No No No evidence of treatment

effect? waning in EMPEROR-
Reduced

Source of utilities SHIFT trial Baseline utilities from DAPA-HF trial EMEPEROR-Reduced As per NICE reference

case (144)

Source of costs

NHS and PSS price
sources, and
literature for other
cost inputs

NHS and PSS price
sources, and literature
for other cost inputs

NHS and PSS price
sources, and literature
for other cost inputs

NHS and PSS price
sources, and literature
for other cost inputs

As per NICE reference
case (144)

Perspective on health
effects

Direct health effects

Direct health effects

Direct health effects

Direct health effects

As per NICE reference
case (144)

Perspective on costs NHS and PSS NHS and PSS NHS and PSS NHS and PSS As per NICE reference
case (144)
Discounting 3.5% 3.5% 3.5% 3.5% As per NICE reference

case (144)
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Previous appraisals Current appraisal

Factor TA267 TA388 TA679 Chosen values Justification
(lvabradine) (Sacubitril valsartan) (Dapagliflozin)

Cycle length One month, with One month, with half- One month, with half- | One month, with half- The shortest practical
half-cycle cycle correction cycle correction cycle correction cycle length, given the
correction frequency of trial data

collection and a lifetime
horizon

Abbreviations: CV, cardiovascular; HHF, hospitalisation for heart failure; HF, heart failure; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire — clinical summary score; KCCQ-TSS, Kansas

City Cardiomyopathy Questionnaire — total symptom score; NHS, National Health Service; NICE, National Institute for Health and Care Excellence; PSS, Personal and Social Services; QALY, quality-
adjusted life year.
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B.3.2.3 Intervention technology and comparators

The base-case analysis in this submission compares empagliflozin, as an add-on to

SoC, in patients who are already treated with either;
e ACEi or ARB in combination with a BB, with or without MRA, or
e Sacubitril valsartan in combination with a BB, with or without MRA

to SoC alone. This comparison is in line with the proposed positioning of empagliflozin
in section B.1.3.1.3 and the current NICE guideline for the management of chronic HF
(23).

The cost-effectiveness analysis of empagliflozin+SoC vs sacubitril valsartan+SoC is
not warranted since empagliflozin is not intended to replace but instead be used in
addition to the sacubitril valsartan-based SoC. Clinical experts view SGLT2is and
ARNi as two separate pillars of care that could be used concurrently to yield additional
benefits (103, 180). The British Society for Heart Failure has recently appealed against
sacubitril valsartan being considered as a replacement to dapagliflozin in TA679 (6).

Dapagliflozin, an SGLT2 inhibitor with clinical efficacy consistent with that of
empagliflozin in heart failure, is not a relevant comparator as it does not represent the
NHS SoC and has very low usage in HF patients, with market shares driven by its use
in HF with comorbid T2DM (150) (Table 2). No head-to-head comparison of efficacy
of empagliflozin vs dapagliflozin in HFrEF has been conducted, and attempts at
indirect comparison have produced biased estimates of relative effectiveness due to
differences in the severity of EMPEROR-Reduced and DAPA-HF trial populations that
could not be adequately corrected using population adjustment methods (Section
B.2.8). Since available evidence indicates clinical equivalence of empagliflozin and
dapagliflozin in HFrEF with LVEF < 40%, a scenario analysis was conducted to
compare SGLT2 inhibitors in combination with SoC to standard SoC alone using
treatment effect estimates from a pooled meta-analysis of DAPA-HF and EMPEROR-
Reduced trials (119). This is consistent with the NICE Guide to Methods 2013(144)
which states that “if comparators form part of a class of treatments, and evidence is

available to support their clinical equivalence, estimates of QALYs gained for the class
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as a whole can be presented” (Section 5.1.14) (8). The use of this larger data set
enabled the uncertainty surrounding CV mortality and all-cause mortality efficacy
estimates for SGLT2is to be reduced, given that neither EMPEROR-Reduced nor
DAPA-HF were powered to detect statistical significance in these endpoints (109,
150).

B.3.3 Clinical parameters and variables

The clinical inputs for the economic model of empagliflozin were derived from analyses
of patient-level data for the ITT population of EMPEROR-Reduced and consisted of

the following:

e Transition matrices describing the probability of moving to each of the KCCQ-
CSS quartile health states over time with empagliflozin + SoC treatment and

SoC alone, given the current Pxy (Figure 19).

e Projected survival distributions for all-cause and CV mortality as a function of
current health state and treatment implemented as parametric survival

equations with treatment and time-varying health state indicators;

e Rate of HHF over time as a function of current health state and treatment
implemented as a repeated measures Poisson regression with treatment and

time-varying health state indicators;

e Change in utility associated with HHF and AEs derived from mixed-effects
regression analyses relating the occurrence and timing of these events to

changes in utilities;

e Treatment discontinuation with empagliflozin implemented as a parametric

survival equation.

The choice of predictors in the risk equations was guided with the aim of preserving
alignment between the observed and the predicted outcomes in the cohort Markov
model. Following extensive baseline variable testing, the treatment and time-varying
health state indicators were retained as predictors in the risk equations. Since the
treatment effect of empagliflozin was found to be consistent across subgroups defined
by age, gender, body-mass index, race, presence or absence of diabetes, baseline
eGFR, and prior therapies (ARNi or MRA) to that observed in the ITT population
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(Section B.2.7 and Appendix E), only the ITT population was considered in the

economic analysis.
B.3.3.1 Baseline characteristics

The risk equations for all-cause mortality, CV mortality, HHF, and treatment
discontinuation underlying the model predict the expected outcomes in a population
where individuals are homogeneous in terms of the set of predictors in the equations.
A cohort Markov structure is inherently designed for modelling homogeneous
populations where a profile defined by the mean of the patient characteristics closely
resembles the true study population (181, 182). The baseline characteristics of the
modelled cohort, representative of the ITT EMPEROR-Reduced population, are
shown in Table 34. While KCCQ-CSS is included in risk equations directly as a time-
varying predictor, the association of other baseline variables with outcomes is
captured indirectly, through their correlation with KCCQ-CSS. Thus, the Markov cohort
is fully defined with regards to the average characteristics of the corresponding ITT
population in EMPEROR-Reduced and the observed outcomes in this population are
directly comparable with the predicted results. This is achieved at the expense of loss
of flexibility, however, since the model can only be run in the population for which

equations have been derived.
B.3.3.2 Health state transition probabilities

Treatment effect was found to be statistically significant with respect to change in
KCCQ-CSS from baseline: the average KCCQ-CSS score increased by 5.7 points in
the empagliflozin + SoC arm vs 4.3 points among patients on SoC alone by week 52
(Figure 20). In the ITT population, patients were most likely to remain at their current
health status level in both arms; any changes in health status were more likely to occur
in the first three months of treatment and tended to remain relatively stable thereafter.
Improvement in levels tended to be more likely than declines in both treatment groups,
with probabilities generally more favourable among patients receiving empagliflozin
(Figure 20).

Treatment specific changes in health status were captured in the model through

KCCQ-CSS quartile transition probabilities, with treatment specific transition matrices
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derived from the analysis of KCCQ-CSS data collected in EMPEROR-Reduced at
baseline and at weeks 12, 32, and 52. Analysis of transition probabilities consisted of
deriving the proportion of ITT population in each KCCQ-CSS health state at a given
time stratified by the previous health state based on longitudinal measurements of
KCCQ-CSS health status in the trial with imputation by last observation carried forward
strategy for missing visits while patients were still alive and followed. Missing
measurements due to early end of follow-up were not imputed since death status past
the end of follow-up was unknown and the distribution of the last known KCCQ-CSS
health states for patients with early end of follow-up was similar to the distribution
among observed/imputed data. The observed transition probabilities were found to
vary over the three time periods (baseline-week 12, week 12-32 and week 32-52),
revealing inflection points at week 12 and week 32 (Table 36). Therefore, three sets
of period-specific probabilities were used in the model. Each of the three derived
matrices was then converted to monthly transition probabilities by finding the m-root
of the observed transition matrix for a longer period (e.g., 12 weeks, 20 weeks). This
yielded three sets of monthly transition probabilities representing progression in the
three periods used in the analysis (Table 36) (120). The model uses the monthly
transition matrices from the last period (month 9+) to predict progression after the first

year, assuming the probabilities remain constant in the long-term.
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Figure 20. Effect of empagliflozin vs placebo on mean KCCQ-CSS over time

Month 3 Month 8 Month 12
8 Adj. mean diff.: Adj. mean diff.: Adj. mean diff.:
1.94 (95% CI 0.96, 2.93) 1.35 (95% C10.28, 2.42) 1.61(95% Cl 0.39, 2.84)
P =0.0001 P =0.0132 P = 0.0099

Adjusted mean (SE)

0 3 12
Months
Analyzed patients (n)
Placebo 1753 1732 1568 1218
Empagliflozin 1776 1755 1618 1239

Source: Butler et al 2021 (120)

Table 36. Monthly KCCQ-CSS transition matrix

KCCQ-CSS Empagliflozin + SoC Placebo + SoC

transitions Months Months | Months | Months 1- | Months | Months 9+

[From, To] 1-3 4-8 9+ 3 4-8
KCCQ[1,1] I | | | | |
KCcQ [1,2] [ ] ] [ [ | I
KCcQ[1.3] | | | | | |
KCCQ [1,4] I I I I I I
KCcQ [2,1] [ ] ] [ [ | I
KCCQ [2,2] I I I I I I
KCCQ [2,3] | | | | | |
KCCQ [2,4] I I I I I I
KCCQ [3,1] I I I I I I
KCCQ [3,2] | I I I I I
KCCQ[3,3] | | | | | |
KCCQ [3.4] ] I I [ | |
KCCQ [4,1] I I I I I I
KCCQ [4,2] I I I I I I
KCcQ [4,3] I ] I [ | |
KCCQ [4.4] N N N | | |

Abbreviations: CSS, clinical summary score; KCCQ, Kansas City Cardiomyopathy Questionnaire; SoC, standard of care.

B.3.3.3 Mortality
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B.3.3.3.1 CV mortality and all-cause mortality

A parametric survival analysis was conducted to allow for extrapolation of time to all-
cause death and CV-related death as a function of treatment and time-varying KCCQ-
CSS health states as measures of disease progression beyond the EMPEROR-
Reduced trial duration. The analysis was conducted following recommendations of the
NICE Decision Support Unit Technical Support Document 14 (183).

Selection of the best fitting parametric model consisted of fitting exponential, Weibull,
Gompertz, log-logistic, log-normal, and the generalised gamma distributions to the
observed data, including fitting of different models by treatment arm to explore and
account for possible non-proportionality of effects. The goodness-of-fit was evaluated
by graphical assessment of diagnostic plots, fit statistics [Akaike Information Criteria
with correction for a finite sample size (AlCc) and Bayesian Information Criteria (BIC)]
and clinical plausibility of extrapolations. Time-varying indicators of the current health

state were then introduced to a model based on the selected parametric distribution.

The joint Weibull model (i.e. the same parametric model fitted through both treatment
arms) was selected as the base-case distribution for all-cause and CV death. For all-
cause mortality, the choice was based on Weibull being the best fitting distribution
((although differences in AIC/BIC between fits were very small; (Table 37)) and yielded
the most clinically plausible estimates of long-term survival (mean life expectancy of
- months with placebo and - months with empagliflozin). To ensure the correct
ordering of CV mortality and all-cause mortality predictions at all times, Weibull
distribution was also chosen for modelling CV mortality although a comparable fit was
obtained with the log-logistic distribution (Table 37). However, log-logistic distribution
yielded improbably long mean survival predictions (mean survival of- months with
placebo and - months with empagliflozin) compared to Weibull predictions which
had greater clinical validity (mean survival of Il months with placebo and [} with

empagliflozin) (Figure 21, Error! Reference source not found.).

Table 37. Goodness-of-fit statistics (AICc/BIC) for alternative parametric
distributions, all-cause mortality, and CV mortality
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All-cause mortality CV mortality
Distribution

AlCc BIC AlCc BIC
Exponential I [ ] [ I
Weibull | | I |
Gompertz I | I I
Log-normal I ] I I
Log-logistic | | N N
Generalised - - - -
gamma

Abbreviations: AlCc, corrected Akaike Information Criterion; BIC, Bayesian Information Criterion.

Figure 21. Kaplan-Meier curves for all-cause mortality from EMPEROR-
Reduced and extrapolated survival curves (Weibull)

Abbreviations: KM, Kaplan-Meier curve; SoC, standard of care.

Figure 22. Kaplan-Meier curves for CV mortality from EMPEROR-Reduced and
extrapolated survival curves (Weibull)
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Abbreviations: KM, Kaplan-Meier curve; SoC, standard of care.

Coefficients of the Weibull risk equations for all-cause and CV mortality with time-
updated KCCQ-CSS health states are shown in Table 38.

Table 38. Parameterisation of survival equations for CV and all-cause death,
ITT population of EMPEROR-Reduced trial, Weibull distribution (base-case)

All-cause death CV death
Parameter

Coefficients S p-value Coefficients | S p-value

Shape

Scale

Treatment effect
Empagliflozin 10
mg (Ref.: Placebo)

KCCQ-CSS: 55 to
<75 (Quartile 2)*

KCCQ-CSS: 75 to
<90 (Quartile 3)*

KCCQ-CSS: 90 to
100 (Quartile 4)*

Abbreviations: CV, cardiovascular; CSS, clinical summary score; KCCQ, Kansas City Cardiomyopathy Questionnaire; SE,
standard error.

* vs KCCQ-CSS: 0 to 55 (Quartile 1)

i1 0 BEN
100 NI

Other parametric distributions for all-cause mortality and CV mortality had the following

disadvantages compared to Weibull:
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e The constant hazard assumed by the exponential distribution was not realistic
for a progressive disease, where the risk of CV events and death is likely to

increase over time

e The log-normal and log-logistic distributions showed improbably long predicted
mean survival times of around over 30 years in both arms in a population that
is mostly over 65 years old, and improbably long predicted mean time to CV
death

e The Gompertz fit yielded short survival predictions (less than five years in both
arms) and a sharply increasing hazard of CV death, which likely overestimated

risk in this population

e The joint fits with generalised gamma distribution were more plausible and
comparable to those obtained with jointly fitted Weibull. Given the latter
achieved a slightly better fit with fewer parameters, it was favoured as the

optimal fit.

Long-term projections of all-cause and CV mortality using alternative parametric
distributions are shown in Error! Reference source not found. and Figure 24.

Alternative CV mortality survival curves (scenario analyses)

respectively. Risk equations derived with alternative distributions for sensitivity
analyses are summarised in Table 39. The proportional hazards assumption is
assumed to hold and hence regression models jointly fit both arms using treatment as
a predictor. Diagnostic plots that evaluated validity of the proportional hazards

assumption for all the tested models are shown in Appendix M.
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Figure 23. Alternative all-cause mortality survival curves (scenario analyses)

Abbreviations: KM, Kaplan-Meier curve; SoC, standard of care.
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Figure 24. Alternative CV mortality survival curves (scenario analyses)

Abbreviations: KM, Kaplan-Meier curve; SoC, standard of care

Table 39. Risk equations for alternative parametric distributions of CV
mortality and all-cause mortality (KCCQ-based), ITT population of EMPEROR-
Reduced (scenario analyses)

Coefficients | Exponential Gompertz Log-normal Log-logistic | Generalised
gamma

All-cause death

P1 I I I I

P2 (intercept) N I I I |

P3 | | | | |

Treatment I I I I I

effect

KCCQ-CSS: I I I I I

55 to <75

(Quartile 2)

KCCQ-CSS: I I I I I

75 to <90

(Quartile 3)

KCCQ-CSS: I I I I I

90 to 100

(Quartile 4)

CV death
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Coefficients Exponential Gompertz Log-normal Log-logistic Generalised
gamma

P1 I I I I I

P2 (intercept) | | | | |

P3 | | I I I

Treatment I I I I I

effect

KCCQ-CSS: I I I I I

55 to <75

(Quartile 2)

KCCQ-CSS: I I I I I

75 to <90

(Quartile 3)

KCCQ-CSS: I I I I I

90 to 100

(Quartile 4)

Abbreviations: CSS, clinical summary score; KCCQ, Kansas City Cardiomyopathy Questionnaire.

B.3.3.3.2 Death from non-CV causes

Death attributable to non-CV causes was calculated from the all-cause death and CV
death risk equations derived from the EMPEROR-Reduced trial (Section B.3.3.3.1).
During each model cycle, the difference between the all-cause death rate and CV
death rate was used to calculate non-CV death. If the probability of non-CV death was
higher in a given cycle compared to the most recent age- and sex-specific life table
probability for the general UK population, the latter was used to inform non-CV death
in a given cycle. UK life tables were adjusted to exclude CV-related deaths to avoid
double counting. UK life tables used to derive non-CV death for the model are reported
in Appendix L.

A scenario analysis was carried out which used the CV death and all-cause death
survival curves from EMPEROR-Reduced trial only, without applying the non-CV
death rate from UK life tables (Section 0).

B.3.3.4 Incidence of HHF

The monthly rate of first and recurrent HHF was modelled using a Poisson model fitted
to patient-level data with generalised estimating equations (GEEs) which had an auto-
regressive covariance structure to account for correlations between repeated
measures as the data included a record for every month of follow-up for each patient.

A negative binomial distribution was also considered but the fitting procedure failed
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and produced errors. The fit of the Poisson and negative binomial models were
compared without the GEE correction and showed similar fit based on deviance
statistics, thus the negative binomial was not pursued further. The HHF rates appeared
to be relatively constant over time and the analyses, therefore, assumed a constant
rate in each treatment arm, but alternative scenarios where the benefit of treatment is

turned off were considered.

The Poisson GEE model included treatment and time-varying KCCQ-CSS health
states as predictors and was derived using the ITT population of the EMPEROR-
Reduced. The parameters of the fitted GEE used to predict HHF in the ITT population

in the model are reported in Table 40.

Table 40. Risk equation for hospitalisation for HF based on Poisson
regression, ITT population from EMPEROR-Reduced trial

Covariate Coefficient SE p-value
Intercept - - -
Treatment effect [ | I
Empagliflozin

10 mg

(Ref.: Placebo)

KCCQ-CSS: 55 to [ [ [
<75 (Quartile 2)*

KCCQ-CSS: 75 to [ ] [ ] [ ]
<90 (Quartile 3)*

KCCQ-CSS: 90 to [ [ [
100 (Quartile 4)*

Abbreviations: CSS, clinical summary score; KCCQ, Kansas City Cardiomyopathy Questionnaire; SE, standard error.
*vs KCCQ-CSS: 0 to <55 (Quartile 1)

B.3.3.5 Composite renal outcome

The model has the functionality to capture the benefits of empagliflozin on slowing the
decline in renal function associated with the progression of HF. In each cycle, the
Markov cohort experiences a risk of a composite renal outcome equivalent to that
observed in the EMPEROR-Reduced trial. In line with the trial definition, the composite
renal endpoint comprised chronic dialysis, renal transplantation or a sustained eGFR
reduction of 240% from baseline (for more detail see section B.2.6.2.3) occurring at
the rate shown in Error! Reference source not found. Once the event occurred, the
patient remained in the state “alive with composite renal outcome” for the duration of
the model, exiting only upon death, and was assigned a cost and disutility calculated
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as a weighted average of costs and disutilities corresponding to renal dialysis and
CKD stage 3b [when applied to the mean eGFR at baseline of the EMPEROR-
Reduced trial (62.0 ml/min/1.73 m?), a 40% decline in eGFR corresponds to the CKD
stage 3b with a mean eGFR of 37.2 ml/min/1.73 m?] (Table 41). Since no renal
transplants took place during the trial follow-up, the proportion of renal transplants

within the composite renal endpoint was zero.

The mortality of patients who had a composite renal outcome was assumed equal to
that of the rest of the cohort, i.e. the sum of CV and non-CV death. Also, the proportion
of the cohort residing in this state did not influence the distribution of patients across
other health states in the model, i.e. the KCCQ states, HHF events, CV and non-CV
death. This is a simplistic approach to modelling renal function decline in HF that could
be incorporated within the existing Markov structure. Accurate modelling of chronic
kidney disease progression would require more complex approaches (184). The
simpler approach, however, does not account for the impact of renal decline on

cardiovascular outcomes and is therefore conservative with respect to empagliflozin.

Table 41: Clinical inputs composite renal endpoint

Empagliflozin + Placebo + SoC Reference
SoC

Incidence rate per 100 years at - -

risk

HR vs. placebo - -

of which: || EMPEROR-Reduced
CSR Table 11.1.2.6: 1

Renal dialysis - (135)

Renal transplant -

Sustained eGFR reduction -

Abbreviations: eGFR, estimated glomerular filtration rate; HR, hazard ratio; SoC, standard of care.

B.3.3.6 Treatment discontinuation

A parametric survival analysis was applied to estimate the time to empagliflozin
treatment discontinuation as observed in the EMPEROR-Reduced trial. Analyses
considered treatment and time-varying KCCQ-CSS as predictors for discontinuation.
Discontinuation due to death was not considered an event in these analyses as these
were captured in mortality equations. Patients who died were censored for treatment

discontinuation.
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The Weibull, log-logistic, log-normal, Gompertz, exponential, and generalised gamma
distributions were explored, and fits compared. Diagnostic plots and fit statistic are
shown in Appendix M. Fit statistics suggested comparable fit for Weibull, log-normal,
log-logistic and generalised gamma (albeit latter with a need for an additional
parameter). However, the log-normal, log-logistic and Weibull fit predicted
unrealistically long mean time-to-treatment discontinuation of over 14 years. While the
exponential distribution appeared to produce a poor fit based on fit statistics and
alignment with the observations in the early stages of follow-up, it fits the later portion
of the observed curves more closely. It also yielded the more plausible projected mean
time-to-treatment discontinuation of approximately seven vyears. Therefore,
exponential distribution was selected as the base-case (Table 42). After
discontinuation of empagliflozin + SoC, patients were assumed to receive SoC, and
thus experience the same risk of clinical events, costs, and utility decrements as
patients on SoC. The treatment discontinuation equations for alternative parametric

distributions are provided in Table 43.

Table 42. Risk equation for treatment discontinuation from EMPEROR-
Reduced trial, exponential distribution

Covariate Coefficient SE p-value
Log (Scale) ] I I
Treatment effect [ | I
Empagliflozin 10 mg

(Ref.: Placebo)

KCCQ-CSS: 55 to <75 [ | |
(Quartile 2)*

KCCQ-CSS: 75 to <90 [ | |
(Quartile 3)*

KCCQ-CSS: 90 to 100 [ | |
(Quartile 4)*

Abbreviations: CSS, clinical summary score; KCCQ, Kansas City Cardiomyopathy Questionnaire; SE, standard error.
* vs KCCQ-CSS: 0 to <55 (Quartile 1)

Table 43. Risk equations for alternative parametric distributions of treatment
discontinuation, ITT population from EMPEROR-Reduced
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Coefficients Weibull Gompertz Log- Log-logistic Generalised
normal gamma

P1 I I I I I

P2 I I I I I

(intercept)

P3 I I | I I

Treatment I I I I I

effect

KCCQ-CSS: I I I I I

55 to <75

(Quartile 2)

KCCQ-CSS: I I I I I

75 to <90

(Quartile 3)

KCCQ-CSS: I I I I I

90 to 100

(Quartile 4)

Abbreviations: CSS, clinical summary score; KCCQ, Kansas City Cardiomyopathy Questionnaire.

B.3.3.7 Adverse event rates

The risk of experiencing AEs from treatments was informed by the most common AEs
of special interest in the EMPEROR-Reduced trial by assuming a constant hazard.
The rates of AEs associated with empagliflozin + SoC and SoC were derived from the
EMPEROR-Reduced trial. Patients who discontinued empagliflozin were subject to
the risk of AEs associated with the placebo arm of the EMPEROR-Reduced trial. The
rate of AEs with SGLT2i could not be derived due to different AE definitions and
observation periods in EMPEROR-Reduced and DAPA-HF, hence the risk of AEs with

an SGLT2i was assumed to be the same as that with empagliflozin (Table 44).

Table 44. Rates of AEs in the modelled cohort

Rate per 1000 patient years in the EMPEROR-Reduced trial
Empagliflozin + SoC Placebo + SoC
Urinary tract infection [ ] [
Genital mycotic infection [ ] ]
Acute renal failure - -
Hepatic injury [ [ ]
Volume depletion [ ] [
Hypotension - -
Hypoglycaemic event* [ [ ]
Bone fracture [ ] L]

Abbreviation: SoC, standard of care.
* Defined as an event with a plasma glucose value of <70 mg/dL or where assistance was required.
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B.3.4 Measurement and valuation of health effects

B.3.4.1 Health-related quality of life data from clinical trials

The purpose of this section is to describe how HRQoL data was collected in the trial
and comment on its consistency with Section 5.3 of the reference case (144). The
utility and disutility values associated with the model health states, AEs and HHF were
obtained from the pooled analysis of the patient-level data for the ITT population in the
EMPEROR-Reduced trial (135). The values were derived from responses to the EQ-
5D-5L questionnaire collected at baseline and at weeks 12, 32, 52, 100 and 148
following randomisation, at treatment discontinuation, and at a follow-up visit of 30
days following regular or premature completion of the treatment period. Patients’
responses to EQ-5D-5L questionnaire were then mapped to EQ-5D-3L descriptive
system using the crosswalk mapping function developed by van Hout et al (185). The
EQ-5D-3L responses were then converted to utility scores using the published UK
utility values for EQ-5D health states, derived with the time trade-off method described
by Dolan et. al. (186). Utility scores were analysed with a linear mixed-effects
regression to account for the repeated measures on the same patients (187). The
model included a random intercept for each patient to account for the within-patient
correlations. To capture the short-and long-term effects of HHF events on utilities, the
linear mixed model incorporated time-varying indicators reflecting whether a patient
had a HHF in 0-1 month, 1-2 months, 2-4 months, and 4-12 months prior versus not
hospitalised, as well as time-varying KCCQ-CSS quartiles. The reference group was
no HHF events to date, and patients were classified back into the reference group
once a year had passed from hospitalisation. This approach allowed estimation of the
utilities based on patients’ current severity level and HHF status. The AE effects were
captured in the same way and assumed to be more acute. Indicators were created for
each type of AE to flag whether it had occurred in the previous month and patients
were returned to the reference group one month after the AE. The indicators for HHF

and AE events were added to the baseline model, which was then trimmed down to
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remove predictors that became non-significant. Additionally, the model was adjusted

for gender, age, region, and ischaemic cause.

The validity of the linear mixed model approach was verified by assessing the
distribution of predicted values from the equations to ensure no ceiling effects were
present. Specifically, the predicted values were within the expected ranges and less
than 1% of the predicted values were above 1.00 (maximum at 1.004). The utility
model used to inform health state utilities and utility decrements associated with

clinical events is presented in Table 45.

Table 45. Health-related quality of life equation derived from EMPEROR-
Reduced trial

Covariate Coefficient SE t-value
Distribution/Type Linear Mixed Model

Intercept - - -
Demographics

Sex: Male [ ] | ]
Age =65 years [ ] ] ]
Region

Region: Asia [ ] |
Region: Latin America | Il ] |
Region: North America | Il [ I
Region: Other - - -
KCCQ-CSS

kcca-css: 55t0<75 | [l [ I
(Quartile 2)

kcca-css: 75t0<90 | [l I I
(Quartile 3)

KccQ-css: 90to 100 | [ I I
(Quartile 4)

Baseline EQ-5D [ ] [ I
(standardised)

Medical History

HF: Ischaemic cause [ ] | I
Time Since HHF [ I I
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Covariate Coefficient t-value

HHF: <1 month

HHF: 1 to <2 months

HHF: 2 to <4 months

HHF: 4 to <12 months

AEs

Urinary tract infection

Genital mycotic infection

Acute renal failure

Hepatic injury

Volume depletion

Hypotension

Hypoglycaemic event

()
m

Bone fracture

Abbreviations: AE, adverse event; CSS, clinical summary score; EQ-5D, EuroQol five dimensions; HF, heart failure; HHF,
hospitalisation for heart failure; KCCQ, Kansas City Cardiomyopathy Questionnaire; SE, standard error.

B.3.4.2 Mapping

The patient responses from the EQ-5D-5L questionnaire were mapped to the EQ-5D-
3L questionnaire using the crosswalk methodology developed by van Hout et al. with
UK value sets (185). This methodology is in line with NICE technology assessment

guidelines as indicated in the NICE position statement (188).
B.3.4.3 Health-related quality of life studies

A SLR was conducted to identify relevant utilities evidence related to the treatment of

HFrEF. Full details of the process and methods used are described in Appendix H.

A total of 61 studies were included in the HRQoL SLR and all studies are summarised
in Appendix H. All studies reported that the EQ-5D was used to measure HRQoL,
consistent with the NICE reference case. However, the valuation method was reported
in only 14 studies and it varied: eight studies used the time trade-off (TTO), one study
used the TTO and visual analogue scale (VAS), four studies used the direct valuation

method by the general public and one study used a patient questionnaire to obtain
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utility values. Four studies mapped the Minnesota living with heart failure
questionnaire (MLwHF) to the EQ-5D. Although the utility values identified in the SLR
met the reference case requirements, the economic analysis presented in this
submission uses the utility values derived from the EQ-5D data collected in the
EMPEROR-Reduced trial from the patient population of direct relevance to the

decision problem.
B.3.4.4 Adverse reactions

Utility decrements associated with adverse events of special interest (AESI) were
derived either from the trial data as described in B.3.4.1 or from the literature, and
applied in the model over the month of incidence only (Table 47). The disutility values
for genital mycotic infection, acute renal failure, hepatic injury, volume depletion and
bone fracture were derived from patient-level analysis of the EMPEROR-Reduced trial
as the trial EQ-5D scores were deemed more reflective of the population of interest
than the available estimates from the literature (135). The disutility associated with
urinary tract infection was sourced from Sullivan 2016 which provides a catalogue of
disutility values for the UK (189). This study reported EQ-5D scores for diabetes-
related chronic conditions, based on a nationally representative 12-item Short Form
Health Survey response (n=20,705) from the US (189). These responses were
mapped to EQ-5D-3L, and subsequently valued using UK-specific EQ-5D tariffs (189).
Its multivariate regression model included all diabetes-related comorbidities as
independent variables and two comorbidity indexes, and was controlled for region,
age, sex, race, ethnicity, education, insurance coverage, family income, and body-
mass index (BMI) category. The disutility value for hypotension was assumed equal

to that of essential hypertension and taken from literature (190).

B.3.4.5 Composite renal endpoint disutility

An annual disutility of JJJlf was applied to the cohort residing in the state “alive with a

composite renal endpoint” throughout the time horizon and for as long as patients
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remained alive in this state. The value was calculated as a weighted average of
disutilities associated with dialysis and CKD stage 3 using a fixed ratio of dialysis and
sustained eGFR reduction events in EMPEROR-Reduced (Table 46). The disutilities
associated with the clinical events within the composite endpoint were sourced from
the study of Jesky et al. (191). The disutility of renal dialysis was calculated as the
difference between utilities of CKD stage 5 and stages 1-2, while that of sustained
eGFR reduction was derived as the differences between CKD stages 3 and 1-2, thus
accounting for the marginal loss in quality of life associated with the respective stages

of renal decline.

Table 46. Disutility associated with the composite renal endpoint

Event within the composite Mean Reference

endpoint

Dialysis -0.12=0.73-0.85 Jesky et al (191)

Renal transplant -0.12=0.73-0.85

Sustained eGFR reduction -0.05=0.80-0.85

Weighted average composite - Calculated using fixed weights
renal shown in Table 41

Abbreviations: eGFR, estimated glomerular filtration rate.

B.3.4.6 HRQoL experienced in each health state

KCCQ-CSS health state-specific utility values were derived from the HRQoL equation
shown in Table 44 based on EQ-5D data from EMPEROR-Reduced (135). The
derived mean utility values were adjusted for gender, age (=65 years), geographical
region (Asia, Latin America, North America), baseline EQ-5D, and medical history
(ishaemic cause of HF and history of HHF). The estimation of QALY's was determined
by KCCQ-CSS state occupancy over time, and the incidence of discrete clinical events
such as HHF and AEs (urinary tract infection, genital mycotic infection, acute renal
failure, hepatic injury, volume depletion, hypotension, hypoglycemic event, and bone
fracture) which were captured as one-off utility decrements for the proportion of cohort
experiencing the event in the month of incidence. No change in health state utility was
considered based on age. This was a simplifying assumption considering the short life

expectancy of patients with HFrEF.

B.3.4.7 HRQoL over the course of the disease
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Changes in HRQoL over the course of the model were fully accounted for by changes
in KCCQ-CSS health state occupancy, HHF events and occurrence of AEs, which
were included in the model as time-varying predictors (Sections B.3.4.1 and B.3.4.5).
There were no statistically significant differences in EQ-5D scores between the two
treatment groups in the EMPEROR-Reduced trial, hence the treatment was not a

predictor in the utility equation.
B.3.4.8 Baseline HRQoL

The baseline utility values were contingent on the KCCQ-CSS quartile health states
and were derived from the EMPEROR-Reduced data.

B.3.4.9 Adjusted health state utility values

As the trial-derived utility value for KCCQ-CSS quartile 4 i) was higher than the
utility of UK general population aged 60 to 69 years (0.7740) reported by Sullivan et
al. 2011, an age-adjustment was applied (192). Under this adjustment, utility values
for KCCQ-CSS quartile 1-3 were reduced by the relative difference between
EMPEROR-Reduced observed utility for KCCQ-CSS quartile 4 and published utility of
UK general population aged 60 to 69 years (192). The latter was assumed as the utility
value for KCCQ-CSS quartile 4 utility in the model. The model provides flexibility to
exclude the age-adjustment factor and instead use the EMPEROR-Reduced derived

health state utility values, which was considered in a scenario analysis (135).
B.3.4.10 Summary of utility values

The health state utility values and disutilities associated with clinical events and AEs
included in the cost-effectiveness analysis are outlined in Table 47. Health state utility
values and HHF disutility values were derived from the linear mixed-effects regression
of EQ-5D data from the EMPEROR-Reduced trial. The AE disutility values were either

derived from the trial data or identified from targeted literature searches.
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Table 47. Summary of utility values for cost-effectiveness analysis

Parameter Mean Utility SE Source and Reference in
justification the
submission
Without Age-adjustment
KcCcQ-cSS: 0to <55 | [ [ Based on B.3.4.1 and
(Quartile 1) EMPEROR- Table 45
Reduced trial
KCCQ-CSS: 55 to - - data ana|yses B.3.4.1and
<75 (Quartile 2) (135) Table 45
KCCQ-CSS: 75 to [ [ B.3.4.1and
<90 (Quartile 3) Table 45
KCCQ-CSS: 90 to [ [ B.3.4.1and
100 (Quartile 4) Table 45
With Age-adjustment (base-case) [
KccQ-cSS: 0to <55 | [ [ Based on B.3.4.1,
(Quartile 1)* EMPEROR- Table 45 and
Reduced trial B.3.4.9
data analyses
KCCQ-CSS: 55 to [ [ (135) B.3.4.1,
<75 (Quartile 2)* Table 45 and
B.3.4.9
KCCQ-CSS: 75 to [ [ B.3.4.1,
<90 (Quartile 3)* Table 45 and
B.3.4.9
KCCQ-CSS: 90 to [ [ B.3.4.1,
100 (Quartile 4)» Table 45 and
B.3.4.9
Clinical Event Disutility [
HHF [ [ Based on B.3.4.1 and
EMPEROR- Table 45
Reduced trial
data analyses
(135)
AE Disutilities
Urinary tract infection | [l B Sullivan 2016 B.3.4.1,
(189) Table 45 and
B.3.4.4
Genital mycotic [ [ B.3.4.1,
infection Based on Table 45 and
EMPEROR- B.3.4.4
Reduced trial
Acute renal failure [ [ data analyses B.3.4.1,
(135) Table 45 and
B.3.4.4
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Parameter Mean Utility SE Source and Reference in
justification the
submission
Hepatic injury [ [ B.3.4.1,
Table 45 and
B.3.4.4
Volume depletion [ [ B.3.4.1,
Table 45 and
B.3.4.4
Hypoglycaemic event | [l [ B.3.4.1,
Table 45 and
B.3.4.4
Hypotension? -0.025 [ Sullivan 2006 B.3.4.4
(190)
Bone fracture [ [ Based on B.3.4.1,
EMPEROR- Table 45 and
Reduced trial B.3.4.4
data analyses
(135)

Abbreviations: AE, adverse event; CV, cardiovascular; CSS, clinical summary score; HHF, hospitalisation due to heart failure;
KCCQ, Kansas City Cardiomyopathy Questionnaire; SE, standard error

* Relative differences from EMPEROR-Reduced study applied to general population utility for people aged 60 to 69 years
reported by Sullivan et al. 2011 (192)

A Set equal to UK general population utility for people aged 60 to 69 years reported by Sullivan et al. 2011 (192)
A Disutility for hypertension in the US population reported by Sullivan 2006 due to lack of UK population values (190)

B.3.5 Cost and healthcare resource use identification,

measurement, and valuation

A SLR was conducted to identify cost and healthcare resource use evidence related
to the treatment of HFrEF. Full details of the process and methods are provided in
Appendix I. In summary, a total of 14 studies, 12 from the UK and two international

studies were identified. Their brief overview is provided in Appendix I.
B.3.5.1 Intervention and comparators’ costs and resource use

Intervention and comparator costs in the model consist of drug acquisition costs and
monitoring costs. In base-case analysis, empagliflozin + SoC is compared to SoC
alone. A scenario analysis considers SGLT2i class of drugs as addition to SoC relative
to SoC alone. The drug costs for empagliflozin and the SoC therapies were extracted
from the NHS Electronic Drug Tariff (193).
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Patients were assumed to receive appropriately titrated doses of SoC therapies, (i.e.
the stable maintenance dosage for each SoC treatment was applied and the titration
process was not modelled). The background therapy used within the trial was as per
national or international guideline recommendations (20, 34). Costs of devices were
not included as patients were assumed to have undergone procedures for these

treatments before entering the model.

A summary of the pack cost, pack size, strength, dosage, daily and monthly cost are
provided in Table 48.
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Table 48: Technology and comparator unit costs

Drug class Treatment Pack cost | Pack Strength Daily dosage | Daily Monthly Source
(MIMS) size (mg) cost cost
SGLT?i Empagliflozin £36.59 28 pills 10 mg 10 mg £1.31 £39.78
i
Dapagliflozin £36.59 28 pills 10mg 10mg £1.31 £39.78
ARNi Sacubitril valsartan £91.56 56 pills 200 mg 400 mg £3.92 £119.44
Loop diuretics | Furosemide £0.94 28 pills 40mg 80 mg £0.07 £2.04
Captopril £1.68 56 pills 50 mg 100 mg £0.06 £1.83
Enalapril £13.35 28 pills 20 mg 20 mg £0.48 £14.51
ACEi Lisinopril £1.19 28 pills 20 mg 20 mg £0.04 £1.29
Ramipril £1.42 28 pills 10 mg 10 mg £0.05 £1.54
NHS Electronic
Trandolapril £1.68 14 pills 0.5mg 1.5mg £0.36 £10.96
Drug Tariff (193).
Bisoprolol £1.07 28 pills 10 mg 10 mg £0.04 £1.16
BB Carvedilol £1.99 28 pills 25 mg 50 mg £0.14 £4.43
Metoprolol £2.51 28 pills 100 mg 100 mg £0.09 £2.73
Nebivolol £27.39 28 pills 10 mg 10 mg £0.98 £29.77
Candesartan £1.93 28 pills 32 mg 32 mg £0.07 £2.10
ARBs Valsartan £12.98 28 pills 160 mg 320 mg £0.93 £28.22
Losartan £1.73 28 pills 100 mg 150 mg £0.09 £2.82
MRA Eplerenone £7.02 28 pills 50 mg 50 mg £0.25 £7.63

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor-blockers; ARNi, angiotensin receptor-neprilysin inhibitor; BB, beta-blockers; MRA, mineralocorticoid
receptor antagonist; SGLT2i, sodium-glucose co-transporter-2 inhibitor
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B.3.5.2 Health state unit costs and resource use

The health state resource use and unit costs associated with HFrEF are outlined in
Table 49 and Table 50. The costs of managing clinical events were obtained from UK

national databases or published literature.

The acute cost of HHF was based on NHS reference costs for non-elective long
inpatient stay, computed as the weighted average of reference costs for healthcare
resource group (HRG) codes EBO3A to EBO3E and the number of finished consultant
episodes (FCEs) (194).

The cost of CV death was estimated from a study by Alva et al., who estimated
inpatient costs for T2D-related complications during the UK Prospective Diabetes
Study post-trial monitoring period from 1997 to 2007 using hospitalisation records for
patients in England (n=2,791) (195). Their analysis produced an equation with
coefficients interpreted as linear effects on expected inpatient costs for complications,
which was used in the cost-effectiveness analysis to estimate costs of a fatal
myocardial infarction, fatal ischaemic heart disease, and fatal stroke for a male aged
<65 years and =65 years and a female aged <65 years and =65 years. Characteristics
of EMPEROR-Reduced participants (e.g., percentage of male or female and
percentage of aged <65 or 265 years) were applied to derive weighted average costs
for each event, which were themselves averaged to derive the cost of CV death for
the model. Non-CV deaths were assumed to incur no cost in the base-case and were

assumed to equal the cost of CV death in a scenario analysis (135).

A weighted average annual cost associated with the composite renal outcome was
based on published costs of the individual renal outcomes (i.e., dialysis, renal
transplantation, and sustained eGFR reduction) and the percentage of patients in the
EMPEROR-Reduced trial affected by each (12.5%, 0%, and 87.5%, respectively)
among those experiencing the composite. A study by Kerr et al. provided an estimate
of the mean annual cost to the English NHS (2009-2010 prices) of direct chronic kidney
disease (CKD) care per patient on dialysis and per transplant recipient (196). To

estimate the cost of sustained eGFR reduction, a 40% eGFR decline was applied to
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the mean eGFR at baseline in the EMPEROR-Reduced trial (62.0 ml/min/1.73 m?),
resulting in an eGFR value of 37.2 ml/min/1.73 m? (i.e., CKD stage 3b). The unit cost
for CKD stage 1-3B (£511.23, inflated to 2021 prices) was obtained from the study by
Kent et al who estimated annual UK hospital care costs by CKD stage (2010-2011
prices) based on analyses of the Study of Heart and Renal Protection (SHARP) trial
which prospectively collected information on kidney disease progression in a cohort of
patients with moderate to severe CKD (197). All CV and renal event costs were inflated
to 2021 by applying the consumer price health inflation factor from Eurostat (1.01)
where applicable (see Appendix N) (198). The cost of composite renal outcome
assumes a fixed ratio of frequency of dialysis relative to eGFR decline, such that it
does not reflect the possibility of further progression of eGFR to end-stage renal
disease. This is a conservative scenario that does not favour empagliflozin beyond the
renal effects observed in EMPEROR-Reduced.

The HF-related disease management costs associated with GP, cardiologist visits and
A&E referral were computed based on the frequency of use and unit cost for each type
of care. Resource use was based on data from the Clinical Practice Research Datalink,
as reported by McMurray and colleagues (2018), which was converted from annual to
monthly frequency (166). Unit costs were retrieved from national sources. In particular,
the cost of GP and cardiologist visits were based upon per patient contact lasting 9.22
minutes (code 10.3b) and a consultant-led non-admitted face to face follow-up
appointment in cardiology (code 320), respectively, while A&E referral cost was a
weighted mean derived from national average unit costs and number of FCEs for non-
admitted emergency medicine (codes VB01Z to VB11Z, and VB99Z) (194, 199). All
disease management costs were inflated to 2021 by applying the consumer price

health inflation factor from Eurostat (198).
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Table 49. CV and renal events frequencies and management unit costs

Event rate (per 1,000 patient years)**

*k%k

outcome

Unit cost
CV and renal per event HFrEF with T2DM HFrEF without T2DM
events (inflated to T — Cost source
2021) SoC Sog 9 SoC Empagliflozin + SoC
|| || ] | NHS 2018-2019 (194); Weighted
HHF £3,071.65 average of non-elective long stay
HRG codes; EBO3A: EBO3E
CV death £4,146.38 | M | | | Alva 2015 (195)
Non-CV death* £0.00 . L . L Assumption
Composite renal - - - - V\{eigh_ted cost of the following:
£4,862.38 Dialysis (196);

Renal transplantation (196);
Sustained eGFR reduction (197)

* Non-CV death is used in model background calculations to correctly compute the number of patients remaining alive (and on-treatment) from year to year.

** Source: EMPEROR-REDUCED Clinical trials report (135).
*** Composite renal outcome is defined as chronic dialysis, renal transplantation, or a sustained reduction of = 40% in the eGFR or a sustained eGFR <15ml/min/1.73m? in patients with a baseline
eGFR of 230 ml /min/1.73 m? or a sustained eGFR <10 ml/min/1.73 m? in those with a baseline eGFR of <30 ml/min/1.73 mZ.

Abbreviations: eGFR, estimated glomerular filtration rate; CV, cardiovascular; HHF, hospitalisation for heart failure; HRG, healthcare resource group
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Table 50. Disease management resource use and unit costs

Monthly frequency for

Monthly cost per patient for

Disease management costs | Unit cost per event all KQCQ*-CSS all KCCQ-CSS quartiles Cost source
quartiles

GP visit £39.73 1.928 £76.62 PSSRU 2020, Code 10.3b (9.22 minutes
per patient contact) (199)

Cardiologist visit £140.00 0.004 £0.59 NHS 2018-2019, Cardiology non-admitted
face to face and follow-up visit (194)

A&E referral £153.60 0.008 £1.23 NHS 2018-2019, weighted mean (HRG
codes: VB01Z-VB11Z, VB99Z (194))

Total cost £78.43

Abbreviations: A&E, accident and emergency; HRG, healthcare resource group; PSSRU, personal social services research unit
*Monthly frequency: McMurray et al (2018) (166)
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B.3.5.3 Adverse reaction unit costs and resource use

The adverse reaction unit costs and resource use are provided Table 51 below. The
acute cost of an outpatient visit was based on costs for general practitioners (GP),
assuming per patient contact lasting 9.22 minutes (code 10.3b), taken from unit costs
of health and social care by personal social services research unit (PSSRU) 2020
(199). In addition, NHS reference costs for non-elective long and short stays for HRG
codes related with each AE served as the basis for the cost of inpatient episodes
(Table 51), while self-treated patients were assumed to receive over-the-counter
treatment, thus incurring no costs to the health care payer (194). The distribution of
visit types for management of AEs was based on assumption, as UK-specific data was
not available and the event rate was derived from the EMPEROR-Reduced trial (135).
All AE costs were inflated to 2021 by applying the consumer price health inflation factor
from Eurostat (198).
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Table 51: Adverse event management unit costs, event rate and frequencies of distribution

Event rate for overall HFrEF

Outpatient Inpatient (per 1,000 patient years)**
Adverse event Weighted .
management average Unit cost Unit cost Empaalifiozin + Inpatient cost source
costs cost (2021) | (inflated to 2021) | (inflated to SoC P goc
(%) 2021) (%)
| | ] NHS 2018-2019 (194); weighted average of HRG
UTI £39.73 £39.73 (100%) £1,670.95 (0%) codes: LAO4H, LA04J-N, LA04P-S, kidney or
) ' T urinary tract infections, non-elective long or short
stay
[ [ ] NHS 2018-2019 (194); weighted average of HRG
GMI £39.73 £39.73 (100%) £1,133.48 (0%) codes: WJ03A-G, standard infection diseases,
non-elective long or short stay
£1.905.51 I | NHS 2018-2019 (194); weighted average of HRG
Acute renal failure | £1,905.51 £39.73 (0%) o/ codes: LAO7H, LAO7J-N, LAO7P, acute kidney
(100%)
° injury, non-elective long or short stay
£9 507.80 [ ] [ ] NHS 2018-2019 (194); weighted average of HRG
Hepatic injury £1,273.77 £39.73 (50%) (560/) ' codes: GCO1C-F, liver failure disorders, non-
° elective long or short stay
| ] ] NHS 2018-2019 (194): weighted average of HRG
Volume depletion | £39.73 £39.73 (100%) £1,361.45 (0%) codes: KC05G-H, KC05J-N, fluid or electrolyte
disorders, non-elective long or short stay
_ . . [ [ ] NHS 2018-2019 (194); weighted average of HRG
conditions, non-elective long or short stay
Hvooalveaemic £1213.35 [ ] [ NHS 2018-2019 (194); weighted average of HRG
e\’/’gnt%é( £626.54 £39.73 (50%) (56‘7) ) codes: KAO8BA-C, other endocrine disorders, non-
° elective long or short stay
£9 709.96 [ [ ] NHS 2018-2019 (194); weighted average of HRG
Bone fracture £2,709.96 £39.73 (0%) (160%)' codes: HD39D-H, pathological fractures, non-

elective long or short stay

*Qutpatient source: PSSRU 2020, Code 10.3b (9.22 minutes per patient contact) and inflated to 2021 (199)
**Event rate source: EMPEROR-REDUCED Clinical trials report (135)

***Defined as event with a plasma glucose value of <70 mg/dL or where assistance was required.
Abbreviations: GMI, Genital mycotic infection; HFrEF, heart failure and reduced ejection fraction; HRG, healthcare resource group; UTI, Urinary tract infection
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B.3.5.4 Miscellaneous unit costs and resource use

There are no miscellaneous unit costs and resource use.

B.3.6 Summary of base-case analysis inputs and assumptions
B.3.6.1 Summary of base-case analysis inputs

Table 52. Summary of variables applied in the economic model

Variable Value SE Distribution Reference
Baseline characteristics

Age (years) 66.84 0.18 NA

Male 76% 0.01 NA

kcca-css Qt: o- | N || NA

<55.2

KCCQ-CSS Q2: | || NA

55.2-<75

KCCQ-CSS Q3: || | NA

75-<89.6

KCCQ-CSS Q4: I || NA

89.6-100

Ischaemic HF 51.7% 0.01 NA

Treatment use at NA Table 36
baseline

ACEi 45.4% 0.01 NA

ARB 24.3% 0.01 NA

ARNi 19.5% 0.01 NA

MRA 71.3% 0.01 NA

BB 94.7% 0.00 NA

IVA 0% 0.00 NA

Loop or High ceiling 0.00 NA

Diuretics 84.5%

Cardiac glycosides 0.0% 0.00 NA

Nitrates 0.0% 0.00 NA

Hydralazine 0.0% 0.00 NA

Monthly KCCQ-CSS transition matrix — months 0-3, Empagliflozin + SoC
KCcQ [1,1] ] || Dirichlet

Kcca [1,2] ] | Dirichlet

KCCQ [1,3] | | Dirichlet

KCCQ [1,4] ] || Dirichlet

KCCQ [2,1] I | Dirichlet Table 36
KCCQ [2,2] | | Dirichlet

KCCQ [2,3] | [ ] Dirichlet

KCCQ [2,4] | ] Dirichlet

KCCQ [3,1] | ] | Dirichlet
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Variable Value SE Distribution Reference
KCCQ [3,2] ] || Dirichlet

KCCQ [3,3] ] | Dirichlet

KCCQ [3,4] | ] Dirichlet

KCCQ [4,1] | | ] Dirichlet

KCCQ [4,2] ] | Dirichlet

KCCQ [4,3] || || Dirichlet

KCCQ [4,4] | ] Dirichlet

Monthly KCCQ-CSS transition matrix — months 4-8, Empagliflozin + SoC
KCCQ [1,1] | || Dirichlet

KCCQ [1,2] | | ] Dirichlet

KCCQ [1,3] | | Dirichlet

KCCQ [1,4] ] || Dirichlet

KCCQ [2,1] | | ] Dirichlet

KCCQ [2,2] | | Dirichlet

KCCQ [2,3] ] || Dirichlet

KCCQ [2,4] | | ] Dirichlet Table 36
KCCQ [3,1] | | Dirichlet

KCCQ [3,2] ] | Dirichlet

KCCAQ [3,3] ] [ Dirichlet

KCCQ [3.4] | | Dirichlet

KCCQ [4,1] ] || Dirichlet

KCCQ [4,2] | | ] Dirichlet

KCCQ [4,3] | | Dirichlet

KCCQ [4,4] | [ ] Dirichlet

Monthly KCCQ-CSS transition matrix — months 9+, Empagliflozin + SoC
KCCQ [1,1] | | Dirichlet

Kcca [1,2] ] || Dirichlet

KCCQ [1,3] ] | ] Dirichlet

KCCQ [1,4] | | Dirichlet

KCcQ [2,1] | ] || Dirichlet

KCCQ [2,2] I | ] Dirichlet

KCCQ [2,3] | | Dirichlet

KCCQ [2,4] | [ ] Dirichlet Table 36
KCCQ [3,1] | ] Dirichlet

KCcQ [3,2] | | Dirichlet

KCCQ [3,3] | [ ] Dirichlet

KCCQ [3,4] | ] Dirichlet

KCCQ [4,1] | | Dirichlet

KCCQ [4,2] | [ ] Dirichlet

KCCQ [4,3] | | Dirichlet

KCCQ [4,4] | ] | Dirichlet

Monthly KCCQ-CSS transition matrix — months 0-3, Placebo + SoC
KCCQ [1,1] | ] Dirichlet

KCcQ [1,2] | | Dirichlet Table 36
KCCQ [1,3] | [ ] Dirichlet
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Variable Value SE Distribution Reference
KCCQ [1,4] | || Dirichlet
KCCQ [2,1] ] | Dirichlet
KCcQ [2,2] || || Dirichlet
KCCQ [2,3] ] | ] Dirichlet
KCCQ [2,4] ] | Dirichlet
KCCQ [3,1] ] || Dirichlet
KCCQ [3,2] ] | ] Dirichlet
KCCQ [3,3] ] | Dirichlet
KCCQ [3,4] ] || Dirichlet
KCCQ [4,1] | | ] Dirichlet
KCCQ [4,2] 0.009 0.0009 Dirichlet
KCCQ [4,3] 0.096 0.0096 Dirichlet
KCCQ [4,4] 0.889 Dirichlet
0.0889
Monthly KCCQ-CSS transition matrix — months 4-8, Placebo + SoC
KCCQ [1,1] | [ ] Dirichlet
KCCQ [1,2] | ] Dirichlet
KCCQ [1,3] | | Dirichlet
KCCQ [1,4] | [ ] Dirichlet
KCCQ [2,1] | ] Dirichlet
KCCQ [2,2] | | Dirichlet
KCCQ [2,3] | [ ] Dirichlet
KCCQ [2,4] | | Dirichlet Table 36
KCCQ [3,1] | | Dirichlet
KCCQ [3,2] | [ ] Dirichlet
KCCQ [3,3] | I Dirichlet
KCCQ [3.4] | | Dirichlet
KCCQ [4,1] | [ ] Dirichlet
KCCQ [4,2] | ] Dirichlet
KCCQ [4,3] | | Dirichlet
KCCQ [4.,4] | ] || Dirichlet
Monthly KCCQ-CSS transition matrix — months 9+, Placebo + SoC
KCCQ [1,1] ] | Dirichlet
KCCQ [1,2] | [ ] Dirichlet
KCcQ [1,3] || || Dirichlet
KCCQ [1,4] [ | Dirichlet
KCCQ [2,1] | [ ] Dirichlet
KCcQ [2,2] || || Dirichlet
KCCQ [2,3] [ | Dirichlet Table 36
KCCQ [2,4] | [ ] Dirichlet
KCCQ [3,1] ] || Dirichlet
KCCQ [3,2] [ | Dirichlet
KCCQ [3,3] | [ ] Dirichlet
KCCQ [3,4] ] || Dirichlet
KCCQ [4,1] | ] Dirichlet
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Variable Value SE Distribution Reference
KCCQ [4,2] | || Dirichlet
KCCQ [4,3] ] ] Dirichlet
KCCQ [4,4] ] | ] Dirichlet

Adjusted CV mortality survival equation*

—_—

Weibull)

Shape | [ Multivariate normal
Scale - - Multivariate normal
Treatment effect - - Multivariate normal
— Table 38
KCCQ Q2 - - Multivariate normal
KCCQ Q3 - - Multivariate normal
KCCQ Q4 | ] Multivariate normal

Adjusted all-cause mortality survival

(13

quation* (Weibull)

Shape - - Multivariate normal
Scale - - Multivariate normal
Treatment effect - - Multivariate normal
Table 38
KCCQ Q2 | ] Multivariate normal
KCCQ Q3 - - Multivariate normal
KCCQ Q4 - - Multivariate normal

Adjusted generalised estimating equations for HHF events* (Poisson)

Intercept ] [ Multivariate normal

Treatment effect - - Multivariate normal

KCCQ Q2 || | ] Multivariate normal Table 40
KCCQ Q3 | || Multivariate normal

KCCQ Q4 - - Multivariate normal

Treatment discontinuation equations* (Exponential)

Log (Scale) - - Multivariate normal

Treatment effect - - Multivariate normal

KCCQ Q2 - - Multivariate normal Table 42
KCCQ Q3 I ] Multivariate normal

KCCQ Q4 - - Multivariate normal

Adverse events rates 1-month per cycle — Empagliflozin + SoC

Urinary tract infection - - Gamma Table 44
Genital Mycotic | || Gamma

Infection

Acute renal failure | | Gamma

Hepatic injury ] | ] Gamma

Volume depletion || | ] Gamma

Hypotension - - Gamma

Hypoglycemic event - -

Bone fracture - - Gamma

Adverse events rates 1-month per cycle — Placebo + SoC

Urinary tract infection | | Gamma Table 44
Genital Mycotic | || Gamma
Infection
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Variable Value SE Distribution Reference
Acute renal failure | ] Gamma

Hepatic injury | | Gamma

Volume depletion || | Gamma

Hypotension I ] Gamma

Hypoglycemic event - - Gamma

Bone fracture ] | Gamma

Utility values — health states and events

KCCQ Qf [ ] Beta

KCCQ Q2 | ] Beta

KCCQ Q3 | I Beta Table 45
KCCQ Q4 [ ] Beta

HHF (decrement) | | Beta

Disutility values — adverse events

Urinary tract infection | I | Beta

Genital Mycotic || || Beta

Infection

Acute renal failure || | Beta

Hepatic injury | | Beta Table 46
Volume depletion | | Beta

Hypotension ] | Beta

Hypoglycemic event | I | Beta

Bone fracture | | Beta

Treatment acquisition costs per cycle

Empagliflozin + SoC | 82.66 16.53 N/A Table 48
SoC 42.88 8.58 N/A

Health state and event costs

HHF 3071.65 614.33 Gamma

CV death 4146.38 829.28 Gamma Table 50
Non-CV death 0.000 N/A N/A

Composite renal endpoint costs

Annual state cost 486238 972 48 Gamma Table 49
Adverse event unit costs

Urinary tract infection | 39.732 7.946 Gamma

Genital Mycotic 39.732 7.946 Gamma

Infection

Acute renal failure 1905.51 381.10 Gamma

Hepatic injury 1273.77 254.75 Gamma Table 51
Volume depletion 39.73 7.95 Gamma

Hypotension 39.73 7.95 Gamma

Hypoglycemic event | 626.54 125.31 Gamma

Bone fracture 2709.96 541.99 Gamma

Resource use costs: Monitoring costs per cycle

GP visit | 39.73 | 7.95 | Gamma \
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Variable Value SE Distribution Reference

Cardiologist visit 140.00 28.00 Gamma Table 50

A&E referral 153.60 30.72 Gamma

KCCa Q1 77.33 15.47 Gamma

KCCQ Q2 77.33 15.47 Gamma

KCCQ Q3 77.33 15.47 Gamma

KCCQ Q4 77.33 15.47 Gamma

Hazard ratios of SGLT2i vs Empagliflozin + SoC used in scenario analysis

HR of all-cause Log-normal Derived from

mortality 0.946 1.1161 Zannad et al,

HR of CV mortality | 0.935 1.1288 Log-normal t2h020 (119) using

HR of HHF 1.000 1.1050 Log-normal HRe | CopOnErd

First kidney Log-normal empaglifiozin ~ +

composite outcome SoC vs SoC and
1192 1.4185 SLGT2i vs SoC

Abbreviations: A&E, Accident & Emergency; ACEi, Angiotensin converting enzyme inhibitors; ARB, Angiotensin receptor
blockers; ARNi, angiotensin receptor neprilysin inhibitor; BB, beta-blocker; Cl, confidence interval; CSS, clinical summary score;
CV, Cardiovascular; GP, General Practitioner; HHF, hospitalisation for Heart Failure; IVA, ivabradine; KCCQ, Kansas City
Cardiomyopathy Questionnaire; MRA, Mineralocorticoid receptor antagonists; SE, standard error; SoC, Standard of Care,
SGLT2i, Sodium-glucose co-transporter-2 inhibitors; HR, Hazard Ratio.

*The standard errors reported here are different from the standard errors obtained directly from regression models due to
Cholesky decomposition.

B.3.6.2 Assumptions

The cost-effectiveness model uses best the available evidence to inform the decision
problem, in line with the NICE reference case and guidance on methods of appraisal
(8). Table 53 outlines the simplifying assumptions which were needed either in the
absence of data or to ensure internal validity (i.e. preserve alignment between the

modelled outcomes and those observed in the EMPEROR-Reduced trial).

Table 53. Summary of key assumptions of the economic analysis

# Assumption Justification Likely
bias
directio
n

Model structure

1 Clinical event rates observed in Generalisability of trial outcomes to clinical | None

clinical practice mirror those practice is a common assumption in economic
observed in the EMPEROR- modelling. In this case, the plausibility of the
Reduced trial assumption is strengthened by the trial

protocol requirement for consistency with local
guidelines in standards of HF care. Thus,
event rates observed in the trial have direct
relevance to clinical practice.

2 There may be unmodelled This choice was made to ensure that the | None
comorbidities that could have model retains internal validity i.e. the model-
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Assumption Justification Likely
bias
directio
n

influenced the shapes of the predicted outcomes match those observed in

statistical extrapolations for HHF the EMPEROR-Reduced trials (see section

and death (CV or all-cause). The | B.2.4.1).

risk equations incorporated only

treatment and time-varying

KCCQ-CSS states as predictors

The rate of clinical events beyond | This is a limitation inherent to most cost- | None

trial duration is based on effectiveness models. No reliable external

extrapolation of the observed trial | source was available for estimating the rate of

outcomes clinical events beyond the duration of the trial.
An external validation exercise was
undertaken to assess the validity of the long-
term extrapolations (see section B.3.10)

The HHF risk equations/rates only | Fatal HHF events were captured by the CV | None

account for non-fatal HHF events | death risk equations.

Patients can experience non-CV This is a commonly utilised approach in cost- | None

death in any KCCQ-CSS health effectiveness analysis to model death from

state. Non-CV death was other causes.

computed separately

Temporal changes in serum This is unlikely to affect cost-effectiveness | None

concentration of NT-pro-BNP, a results since risk equations account for the

prognostic biomarker of HF time-updated KCCQ-CSS health states and

morbidity and mortality, were not therefore capture the impact of disease

modelled severity on all-cause mortality, CV mortality,
and the risk of HHF.

The model assumed that all This is a simplifying assumption not expected | None

patients receive appropriately to lead to bias in favour of any treatment.

titrated doses of HF medications

(e.g., ACEIi/ARB). This does not

imply that patients receive the

maximum effective dose but a

dosage that achieves the best

trade-off between effectiveness

and tolerability

The modelled rate of treatment Patients were on SoC before receiving add-on | None

discontinuation is derived from the | empagliflozin and it is reasonable to assume

EMPEROR- Reduced trial, with a | that they will continue SoC after discontinuing

rate of discontinuation applied to empagliflozin.

all patients receiving empagliflozin

+ SoC in each modelled cycle

(based on the selected

distribution). Following

discontinuation of empagliflozin,

patients are assumed to have the

same event risks and costs as

patients in the control arm

Empagliflozin can delay the To appropriately capture the capacity of

progression of renal disease empagliflozin to slow the progression of renal

compared to SoC impairment associated with chronic HF and
cardiorenal syndrome, a composite renal
outcome was included in the model (see
B.3.3.5.). This includes disutility and cost;
however, the impact of change in renal
composite outcome over time on survival was
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episodes of diabetic ketoacidosis,
a rare complication associated
with SGLT2 inhibition

EMPEROR-Reduced ftrial; this assumption is
further supported by the EMPA-REG
OUTCOME trial in patients with T2DM and
established CV disease where very few cases
were observed and there was no imbalance
between treatment groups (163)

# Assumption Justification Likely
bias
directio
n

not fully captured as it would introduce
additional complexity in the CE model.

HRQoL

10 | KCCQ-CSS health state-specific | This is common practice when EQ-5D data is | None

utility values and disutilities | available from the clinical trial and in line with
associated with AEs and HHF | the NICE reference case (144)
were derived from pooled analysis
of the EMPEROR-Reduced ITT
population after mapping EQ-5D-
5L data to EQ-5D-3L and applying
the UK value sets
11 The model assumed no decline in | This is a simplifying assumption considering | None
HRQoL with increasing age the short life expectancy of patients with
HFrEF. The model includes functionality to
adjust utilities to reflect those of age-matched
UK general population and in that way already
partially reflects the expected utility for the
corresponding age groups (see sections
B.3.4.8 and B.3.4.9)
Costs and resource use
12 | The cost of non-CV death was | The rate of non-CV death is expected to be | None
assumed to be zero under all | the same across all interventions, hence this
interventions assumption is unlikely to have an impact on
incremental cost-effectiveness. Nevertheless,
a non-zero cost was provided to allow testing
of the alternative costing scenario.
13 | The model does not include the This is a simplifying assumption and is not | None
cost of medical devices or their expected to bias any treatment.
implantation. It is assumed that
patients with ICD/CRT had the
device implanted prior to entering
the model
14 | Costs of recognised but relatively | These events generally lead to short episodes | None
mild AEs (e.g., polyuria, episodes | of care and low management costs and are
of dehydration) associated with expected to have a minimal impact on overall
SGLT2i are not incorporated in healthcare costs that would not materially
the model affect the model findings.
15 | The model does not capture No cases of ketoacidosis were observed in the | None

Abbreviations: AEs, adverse events; ACEi, Angiotensin converting enzyme inhibitors; ARB, Angiotensin receptor blockers; NT-
pro-BNP, N-terminal pro hormone B-type natriuretic peptide; CV, cardiovascular; CRT, cardiac resynchronisation therapy; EQ-
5D-5L, EuroQol-5 dimensions-5 levels; EQ-5D-3L, EuroQol-5 dimensions-3 levels; HHF, hospitalisation for heart failure; HFrEF,
heart failure with reduced ejection fraction; HRQoL, health-related quality of life; ICD, implantable cardioverter-defibrillator; ITT,
intention to treat; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire Clinical Summary Score; NICE, National Institute for
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Health and Care Excellence; NT-pro-BNP, N-terminal pro T2DM, type 2 diabetes mellitus; SGLT2i, sodium-glucose co-
transporter 2 inhibitor; UK, United Kingdom.

B.3.7 Base-case results

B.3.7.1 Base-case incremental cost-effectiveness analysis results

Table 54 shows the discounted results of the base-case comparison of empagliflozin
as an add-on to standard care (ACEi/ARB + BB + MRA) against SoC alone over a
lifetime horizon. SoC is associated with 5.83 life years, 3.78 QALYs, and £17,950 per
patient. Treatment with empagliflozin as an add-on to SoC resulted in an increase in
life years (+0.21 per person) and QALYs (+0.22) per person at an additional cost of
£1,063 per person. Empagliflozin as an add-on to SoC was cost-effective against SoC
alone at usual threshold values with an ICER of £4,804 (ICER was <£10k) per QALY

gained. The similarity of the overall incremental LY and QALY estimates reflects the

fact that patients do not always gain LYs across all KCCQ quartiles, and that the LY

differences in each KCCQ state are associated with different utility values.

The main driver of incremental costs associated with the empagliflozin + SoC
treatment was the additional cost of empagliflozin, which was partially offset by cost-
savings from reduced incidence of HHF and CV death. The incremental QALY gains
were driven by increased life years and longer time spent in the alive health states, in
particular KCCQ-TSS Q4 (+0.19 QALYs). The reduced incidence of HHF also
contributed to QALY gains (+0.05 QALYs). The clinical outcomes of the model and

disaggregated results of the base-case analysis are presented in Appendix J.

Table 54. Base-case analysis: deterministic results for empagliflozin as an
add-on to standard care

Total Total Total Incremental Incremental Incremental ICER
U e fg)s‘s LYG SA"Y costs (£) LYG QALYs g:)’ arak
SoC £16,887 | 5.62 3.55 - - - -
Empagliflozin | £17,950 | 5.83 3.78 £1,063 0.21 0.22 £4,804
+ SoC

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; SoC, standard of care; QALYSs, quality-adjusted
life year
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B.3.8 Sensitivity analyses
B.3.8.1 Probabilistic sensitivity analysis

Probabilistic sensitivity analysis (PSA) was undertaken to translate uncertainty in the
model parameters to decision uncertainty through simultaneous sampling of critical
parameters from their respective distributions. The PSA encompassed parameters
which inform the calculated rates of HHF, all-cause and CV mortality, as well as those
informing the estimates of health state utilities, unit costs, AE and HHF utility
decrements, and transition probabilities. The observed standard error was used to
determine the probabilistic distribution of all parameters except costs and transition
probabilities, where the standard error was calculated as a proportion of the mean
value. For the costs, the standard error was assumed equal to 20% of the mean. For
KCCQ-CSS transition probabilities however the standard error was assumed equal to
10% of the mean value to avoid iterations where the observed trend in the transition
probabilities with empaglifiozin + SoC versus SoC was inconsistent with the
deterministic analyses, i.e. to ensure that relative probability of a given transition

remains the same as in deterministic analysis across all probabilistic iterations.

Covariance matrices for parameters informing the rate of CV death, all-cause death,
HHF, and baseline utility estimates were included in the model. Using these, a
Cholesky decomposition was performed and the resulting lower-triangular matrix was
then used to jointly draw samples of these parameters from a normal distribution. All
cost parameters were assigned a gamma distribution, while disutilities associated with
AEs and HHF were assigned the beta distribution. Details on the parameters, SEs,
and assumptions are provided in Section B.3.6.1. One thousand PSA iterations were
run to ensure that stable estimates of the required model outputs were obtained (see
ICER convergence in Figure 25. The mean discounted total costs and mean

discounted total QALY's were calculated to estimate the probabilistic ICER.
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Figure 25. ICER convergence: base-case analysis

Key: ICER, Incremental cost-effectiveness ratio

Results of the PSA are summarised in the cost-effectiveness scatterplot (

Figure 26). Each point on the chart represents a single probabilistic iteration of the
model. Of one thousand iterations, 79% produced ICERs that fell below a willingness-
to-pay threshold of £20,000 per QALY which is represented by the dotted line

Figure 26. The cost-effectiveness acceptability curve in Error! Reference source not
found. illustrates the probability of empagliflozin + SoC being cost-effective at different
willingness-to-pay thresholds. At a willingness-to-pay threshold of £4,500 per QALY,
empagliflozin + SoC reaches a 43% probability of being cost-effective. Conversely, at
£30,000 per QALY, the probability of empagliflozin + SoC being cost-effective
increases was 81%. The ICER from the PSA converged at £4,894 (<£10k per QALY)
(Table 55) which was comparable to the deterministic ICER of £4,804/QALY (Table
56). The similarity between the deterministic and the probabilistic ICERs indicated that

the model is sufficiently linear.
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Table 55. Base-case analysis: probabilistic results for empagliflozin as an add-
on to standard care

Technology Total Total Total Incremen | Increme | Increme | ICER
costs (£), | LYG, QALYs, | tal costs | ntal ntal incremental
mean mean | mean (£), mean | LYG, QALYs - | (E/QALY)
mean mean
SoC £16,830 5.56 3.52 - - - -
Empagliflozin | £17,876 5.76 3.74 £1046 0.20 0.21 £4,894
+ SoC

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALYs, quality-adjusted life years; SoC,
standard of care.

Figure 26. Base-case analysis: cost-effectiveness scatterplot

Key: QALY, Quality-adjusted Life Years

Figure 27. Base-case analysis: cost-effectiveness acceptability curve
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Key: CEAC, Cost-effectiveness acceptability curve
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B.3.8.2 Deterministic sensitivity analysis

A deterministic (or one-way) sensitivity analysis was performed to assess how
changes in one specified parameter at a time impact the predicted costs and outcomes
of empagliflozin + SoC compared to SoC alone, and to identify the main drivers of
cost-effectiveness in the model. The most influential parameter was the treatment
effect of empagliflozin + SoC associated with HHF. When this parameter was set to
zero, the ICER increased to a high of £9,614//QALY (Table 56). Other drivers of ICER

included the discount rates for cost and health outcomes, and the treatment effect of

empagliflozin + SoC associated with all-cause mortality.

Table 56. Deterministic sensitivity analyses inputs and results

Scenario Base-Case Alternative Description ICER per QALY
Input Input
Base-case - - -
Clinical Inputs
CV & all-cause death: | Weibull Exponential Alternative
Distribution distribution £4,291
CV death: Treatment -0.05890107 0 No treatment
effect effect £5,147
All-cause death: Yes No No lifetable
Adjust with UK adjustment
lifetable? £4.804
All-cause death: -0.04435778 0 No treatment
Treatment effect effect £4.672
HHF: Treatment effect | -0.3245774 0 No treatment
effect £9,614
Discontinuation: Exponential Weibull Alternative
Distribution distribution £4.876
Discontinuation: -0.0902196 0 No treatment
Treatment Effect effect £4,784
Include Yes No No
discontinuation? discontinuation
of empagliflozin | £5,037
HR for empagliflozin + | 0.5 0.32 Lower bound of
SoC composite renal the 95% ClI £4,149
endpoint 0.77 Upper bound of | £5,787
the 95% CI
Costs and Resource Use
Cost of HHF £3,072 £2,426.27 Decrease by
20% £5,328
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Scenario Base-Case Alternative Description ICER per QALY
Input Input
£3,639.40 Increase by

20% £4,280
Cost of CV death £4,146 £3,316.80 Decrease by

20% £4,849

£4,975.20 Increase by

20% £4,760
Unit Costs of Disease | Multiple Values | Multiple Values | Decrease by
monitoring 20% £4,632

Increase by

20% £4,977
Monthly Cost of £77 £62 Decrease by
Disease Monitoring: 20% £4,863
KCCQ-CSS 1st £93 Increase by
Quartile 20% £4,746
Monthly Cost of £77 £62 Decrease by
Disease Monitoring: 20% £4,767
KCCQ'CSS 2nd £93 Increase by
Quartile 20% £6,347
Monthly Cost of £77 £62 Decrease by
Disease Monitoring: 20% £4,817
KCCQ,I'CSS 3rd £93 Increase by
Quartile 20% £4,791
Monthly Cost of £77 £62 Decrease by
Disease Monitoring: 20% £4,598
KCCQI'CSS 4th £93 Increase by
Quartile 20% £4.816
Cost of AE Multiple Values | Multiple Values | Decrease by
management 20% £4,810

Increase by

20% £4,799
Drug costs source MIMS eMIT Alternate data

source £4,736
Composite renal £4,862 £3,890 Decrease by
outcomes — annual 20% £5,083
cost £5,834 Increase by

20% £4,525
Utilities
Utility: KCCQ-CSS 1st | 0.52 0.5123 Lower 95% CI £4,816
Quartile 0.5280 Upper 95% Cl | £4,816
Utility: KCCQ-CSS 0.64 0.6311 Lower 95% CI £4,810
2nd Quartile 0.6428 Upper 95% Cl | £4,799
Utility: KCCQ-CSS 3rd | 0.71 0.7042 Lower 95% CI | £4,802
Quartile 0.7159 Upper 95% Cl | £4,806
Utility: KCCQ-CSS 4th | 0.77 0.7681 Lower 95% Cl | £4,836
Quartile 0.7799 Upper 95% CI | £4,773
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Scenario Base-Case Alternative Description ICER per QALY
Input Input

Disutility: HHF -0.25 -0.184 Lower 95% CI | £5,303
-0.308 Upper 95% Cl | £4,323
Disutility: AEs Multiple Values | Multiple Values Lower 95% Cl | £4,797
Upper 95% CI | £4,813

Settings
Time horizon Lifetime 10 years Lower range £4,801
20 years Upper range £4,803
Discount rate: cost 3.5% 0% Lower range £6,011
5% Upper range £4,418
Discount rate: health 3.5% 0% Lower range £3,819
5% Upper range £5,239

Abbreviations: AEs, adverse events; CV, cardiovascular; HR, hazard ratio; HHF, hospitalisation for heart failure; KCCQ-CSS,
Kansas City Cardiomyopathy Questionnaire Clinical Summary Score; UK, United Kingdom.

A tornado diagram showing the impact of model parameters on the ICER is provided

in Figure 28. In conclusion, the ICER for empagliflozin + SoC relative to SoC alone

remained below £9,614/QALY across all parameter variations, with most analyses
resulting in ICERs below £6,000/QALY.
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Figure 28.Tornado diagram
Tornado Diagram (ICER)

hHF: Treatment effect (0) .

Discount rate: cost (0 to 0.05) | | |
Discount rate: health (0 to 0.05) =
HR Empagliflozin + SOC Composite Renal (+20% to ) =

Cost of hHF (-20% to +20%)
CV & All-cause mortality: Distribution (Exponential =
Disutility: hHF (-0.18to -0.31 - |
CV mortality: Treatment effect (O
Composite Renal Outcomes -annual cost (-20% to +20%) |
Include discontinuation? (No) ]
Monthly Cost of Disease Monitoring: KCCQ-CSS 4th Quartile (61.86t0 92.79) N |
Unit Costs of Disease monitoring (-20%to +20%) |

All-cause mortality: Treatment effect (0 ]

Discontinuation: Distribution (Weibul
Drug costs source (eMIT)
Monthly Cost of Disease Monitoring: KCCQ-CSS 1st Quartile (61.86 to 92.79)
Cost of CV death (-20% to +20%)
Monthly Cost of Disease Monitoring: KCCQ-CSS 2nd Quartile (61.86 to 92.79)
Discontinuation: Treatment Effect (0}
Monthly Cost of Disease Monitoring: KCCQ-CSS 3rd Quartile (61.86 to 92.79)
Utility: KCCQ-CSS 1st Quartile (0.51 to 0.53)
Disutility: AEs (Lower 95% Cl to Upper 95% CI)

ICER

Key: ICER, Incremental cost-effectiveness ratio

B.3.8.3 Scenario analysis

Scenarios analyses were run to test the validity of the structural assumptions, including
the choice of parametric models to inform mortality and time-to-treatment
discontinuation extrapolations, and the impact of utility age-adjustment. Table 57
provides a description of each scenario along with its resulting ICER. The results
indicate that ICER is not significantly affected by change in the number of inflection
points in the model, choice of parametric distribution for mortality or treatment

discontinuation, utility age-adjustment, or cost associated with non-CV death.

The EMPEROR-Reduced trial was not powered to show a statistically significant
difference in CV mortality or all-cause mortality between empagliflozin and placebo as
add-ons to SoC (see Section B.2.8). To estimate the true effect of SGLTZ2 inhibition on
CV and all-cause mortality, results from EMPEROR-Reduced and DAPA-HF trials
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were pooled in a meta-analysis, which enabled creation of a larger sample size and
derivation of treatment effect estimates with reduced variability (109). When such
estimates of HRs for CV mortality, all-cause mortality, and risk of HHF with SGLT2
inhibitors vs SoC are used in the model, the resulting deterministic and probabilistic
ICER is similar to that of the base-case. The deterministic and probabilistic ICER for
the base case of empagliflozin + SoC vs SoC alone was £4,804/QALY and
£4,894/QALY respectively. The ICER was similar for SGLT2i + SoC vs SoC; it was
£4,896/QALY (deterministic) and £5,217/QALY (probabilistic). The pooled treatment
effect likely represents the true treatment effect for both empagliflozin and
dapagliflozin in HFrEF, since neither trial was sufficiently powered to assess effects

on CV mortality or all-cause mortality.
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Table 57. Scenario Analyses: ICERs for empagliflozin as add-on to standard care compared to standard care alone

Scenario Description ICER (Cost | % Change Relative
in £/ QALY) | to Base-Case ICER

Base-case 4,804 -
SGLT2i class effect Use of the hazard ratios from Zannad et al (119) to inform all-cause mortality, CV

mortality, and HHF with SGLTZ2i vs SoC based on pooled data from DAPA-HF and

EMPEROR-Reduced. £4,896 1.3%
One Inflection Point Use the KCCQ quartile transition matrix used for months 4 — 8 in the model base-case

from month 4 to the end of the time horizon. 5,548 15.5%
Mortality: log normal Extrapolate CV and all-cause mortality outcomes using a log normal distribution. 3,422 -28.8%
Mortality: log-logistic Extrapolate CV and all-cause mortality outcomes using a log-logistic distribution. 4,152 -13.6%
Mortality: Exponential Extrapolate CV and all-cause mortality outcomes using an exponential distribution. 4,291 -10.7%
Mortality: Generalised Extrapolate CV and all-cause mortality outcomes using a generalised gamma
Gamma distribution. 4,837 0.7%
Mortality: Gompertz Extrapolate CV and all-cause mortality outcomes using a Gompertz distribution. 5,362 11.6%
Discontinuation: Weibull Extrapolate time to discontinuation for empagliflozin using a Weibull distribution. 4,876 1.5%
Discontinuation: log Extrapolate time to discontinuation for empagliflozin using a log normal distribution.
normal 4,906 2.1%
Discontinuation: log- Extrapolate time to discontinuation for empagliflozin using a log-logistic distribution.
logistic 4,887 1.7%
Discontinuation: Extrapolate time to discontinuation for empagliflozin using a generalised gamma
Generalised Gamma distribution. 4,847 0.9%
Discontinuation: Extrapolate time to discontinuation for empagliflozin using a Gompertz distribution.
Gompertz 4,955 3.1%
Utility: age-adjustment off | Use utility data as collected in the trial (KCCQ 4: 0.8581; KCCQ 3: 0.7942; KCCQ 2:

0.7211; KCCQ 1: 0.6043), without adjusting KCCQ 4 to be equal to UK general

population utility. 4,456 -1.2%
Non-CV death costs Assuming that non-CV deaths incur the same costs as CV deaths. 4,895 1.9%
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No composite renal
outcome costs and
benefits

Excluding the costs and benefits of the composite renal outcome.

6,305

31.2%

Abbreviations: SoC, standard of care; SGLT2i, sodium-glucose co-transporter-2 inhibitors.

The value in the parentheses for the SGLT2i scenario corresponds to the probabilistic ICER. All the remaining ICER estimates are deterministic
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B.3.8.4 Summary of sensitivity analyses results

The overall agreement between deterministic and probabilistic results suggests that
the economic model is adequately linear. Furthermore, the results of the deterministic
and probabilistic sensitivity analyses demonstrate that ICER is robust with respect to
changes in model inputs (Section B.3.8.2 and B.3.8, respectively). In the DSA, the
most influential parameter was the treatment effect of empagliflozin + SoC on the risk
of HHF. The assumption of no beneficial effect of empagliflozin + SoC on the reduction
of risk of HHF relative to SoC increases the ICER to £9,614 per QALY compared to
the base-case value of £4,804 per QALY. The exclusion of the costs and benefits of
the composite renal outcome also increased ICER by 31% to £6,305 per QALY. Other
model parameters with a significant, albeit lower, impact on ICER were the discount
rates for costs and health outcomes and the effect of the treatment on all-cause
mortality. Scenario analyses validated assumptions underlying the model structure
since the choice of parametric distribution for all-cause mortality, CV mortality or
treatment discontinuation did not considerably alter the estimates of the ICER.
Similarly, the number of inflection points or the utility age adjustment did not have a
sizable impact on the model outcomes. The results of the SGLT2i analysis also
demonstrated the cost-effectiveness of the SGLT2i class against SoC. Across all
sensitivity and scenario analyses ICER estimates remained well below the usual

willingness-to-pay thresholds.

B.3.9 Subgroup analysis

As mentioned in Section B.2.7, all patient subgroups stand to benefit from
empagliflozin as an add-on to SoC regardless of whether comorbidities are present or
not. In the EMPEROR-Reduced trial a reduction in HHF or adjudicated CV death
(composite primary outcome) was shown across multiple subgroups, including age
(<65yr/>65yr), sex (male/female), race (White, Black, Asian, other), body-mass index,
and prior therapies (ARNI/no ARNI). Thus, only the ITT population was considered in

the economic analysis.
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B.3.10 Validation

Prior to submission, the cost-effectiveness model was quality-assured through internal
processes and by external economists. An economist who had not been involved in
the model development reviewed the model for coding errors, inconsistencies, and the
plausibility of inputs. This was done as a thorough sheet-by-sheet and cell-by-cell
check. The model was also reviewed against a checklist of known modelling errors
and questioning of assumptions through white-box and black-box tests; the checklist
followed was based on publicly available and peer-reviewed checklists (200). More
information on the model verification process is available in the IQVIA validation report
(201).

B.3.10.1 Validation of cost-effectiveness analysis
B.3.10.1.1 Internal validity

Internal validation was undertaken to assess the model’s ability to accurately predict
the observed outcomes from the EMPEROR-Reduced trial. The rates of HHF, CV
death, and all-cause death observed during the trial follow-up of 16 months were
compared with the economic model predictions over an 18-month time horizon. Figure
29 shows the observed and predicted CV death, all-cause death, and HHF rates per
100 patient years, respectively, obtained with the simple risk equations containing only
treatment and time-varying KCCQ-CSS health states as predictors as well as those
including the full set of predictors in the ITT population. It is evident that the economic
model that used simpler risk equations accurately predicted the observed rates across
all outcomes and subgroups. By contrast, the equations with the full set of predictor

variables consistently underpredicted the event rates.
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Figure 29. Comparison of observed and model-predicted event rates in the ITT
population: CV death, all-cause death, and HHF rates per 100 patient years

B.3.10.1.2 External validity

The external validity of the economic model predictions was checked against the
predictions of the dapagliflozin model described in TA697 (6) and the PULSE study
(43). As shown in Appendix O, the long-term predictions of all-cause mortality and the
estimated all-cause death rates were closely aligned with predictions from the
dapagliflozin model in TA697 and with observed rates of all-cause death in the PULSE

study, respectively.

However, some discrepancies in HHF and CV death were noted. In the comparison
against TA697, significantly higher rates of HHF predicted by empagliflozin model
were attributed to the differences in the EMPEROR-Reduced and DAPA-HF trial
populations and the fact that EMPEROR-Reduced was enriched for patients with a
more severe disease who were at higher risk of HHF. Also, HHF and CV death rates
predicted by the empagliflozin model were notably higher than those observed in the
PULSE study. Again, this was likely due to the enriched EMPEROR-Reduced
population having more severe disease and a higher risk of adverse CV outcomes
compared to the CPRD cohort. Further, since PULSE relied on ONS mortality data for
primary cause of death, the rate of CV death is likely to be under-recorded compared
to EMPEROR-Reduced, where CV death was an adjudicated endpoint. Further
information on the external validation can be found in Appendix O and the IQVIA

validation report (201).

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 185 of 200



B.3.11 Interpretation and conclusions of economic evidence

The cost-effectiveness model for economic evaluation of empagliflozin + SoC builds
on the modelling approach previously accepted by the NICE committee for TAG97 (6).
Model inputs were primarily derived from the EMPEROR-Reduced ftrial, including
inputs for baseline characteristics, health state transition probabilities, health state
utility values, disutilities associated with clinical events, survival equations, risk
equations, AE incidence rates, and treatment discontinuation rates. Additional model
inputs for disutilities of AEs, unit costs, and resource use were identified from the
published literature or from NHS National Reference Costs. The model was able to
reproduce the EMPEROR-Reduced trial results over the mean trial follow-up period of

16 months and was used to extrapolate those results to a lifetime horizon.

In the base-case analysis, over the lifetime horizon, patients treated with empagliflozin
+ SoC experienced a lower rate of HHF (17.1 per 100 PY vs 20.80 per 100 PY on
SoC) and CV death (9.81 per 100 PY vs 10.34 per 100 PY on SoC) compared to those
treated with SoC alone. The difference in the rate of non-CV death between
empagliflozin + SoC and SoC arm was minimal (4.41 per 100 PY vs. 4.46 per 100 PY).
Reduction in clinical event rates with empagliflozin + SoC compared to SoC was the
key driver of the incremental benefits, while incremental costs were largely attributable
to empagliflozin + SoC drug costs which were in part due to the longer survival and
treatment duration of patients receiving empagliflozin as an add-on to SoC (average
time of receiving empaglifiozin + SoC was 4.04 years). The base-case analysis
estimated a probabilistic (deterministic) ICER of £4,894 (£4,804) (< £10k) per QALY
gained suggesting that empagliflozin + SoC offers a good use of NHS resources and

should be preferred over SoC alone based on usual threshold values.

Sensitivity and scenario analyses showed that the cost-effectiveness model was
robust to variation in model parameters. The probabilistic and deterministic base-case
results were closely aligned, with - of the iterations falling in the north-east quadrant
of the cost-effectiveness plane suggesting a high probability of empagliflozin + SoC

being more costly and more effective than SoC alone. The deterministic sensitivity

Company evidence submission template for empagliflozin for treating chronic heart failure with
reduced ejection fraction [ID3826]

© Boehringer Ingelheim (2021). All rights reserved Page 186 of 200



analyses and scenario analyses were associated with ICERs of less than £9,614 per
QALY gained with most of scenarios yielding ICERs below £6,000 per QALY gained.
The most influential parameter identified in one-way sensitivity analysis was the

treatment effect of empagliflozin + SoC on the rate of HHF.

The results of the analysis should be interpreted considering its limitations. Firstly, the
EMPEROR-Reduced trial offered only short-term data and therefore long-term
outcomes had to be extrapolated at the expense of uncertainty. Although this limitation
is inherent to most cost-effectiveness models, its impact on the overall decision
uncertainty has been mitigated through comparison of model predictions with those
approved by the NICE committee in TA697 (6, 201). Also, sensitivity analyses
indicated that the choice of the parametric model did not have a significant impact on
the estimated ICER. Secondly, the economic analysis assumes that the HF event
rates observed in UK clinical practice mirror those observed in the EMPEROR-
Reduced trial. The relevance of the trial to the UK clinical practice is strengthened by
the protocol requirement for patients to receive stable doses of guideline-
recommended HF therapies at baseline. Thirdly, the model does not capture diabetic
ketoacidosis, a rare but recognised complication of SGLT2 inhibition, because no such
cases were observed in the EMPEROR-Reduced trial. This assumption is further
supported by the EMPA-REG OUTCOME trial in patients with T2D and established
CV disease, where few cases were observed and there was no imbalance between

treatment groups (163).

In conclusion, the cost-effectiveness analysis presented here demonstrates that
empagliflozin represents a cost-effective use of NHS resources as an add-on to
standard care therapy for the treatment of HFrEF. The decision analytic model
underlying the economic analysis is closely aligned with the model presented in TAG97

which evaluated dapagliflozin as an add-on to standard care for HFrEF (6).
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