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B.1 Decision problem, description of the technology and

clinical care pathway

B.1.1 Decision problem

This submission addresses the cost-effectiveness, comparative effectiveness, clinical
efficacy and safety of empagliflozin versus standard of care (SoC) in adult patients
with chronic HF (EF >40%).

Empagliflozin is currently recommended for the treatment of the National Health
Service (NHS) England patients with heart failure with reduced ejection fraction
(HFrEF), i.e., left ventricular ejection fraction (EF) <40% (National Institute for Health
and Care Excellence [NICE] appraisal TA773) (1). To achieve a recommendation that
is consistent with the proposed MHRA marketing authorisation (MA) extension for
empagliflozin; that is, “adult patients with symptomatic chronic heart failure” across the
EF spectrum; this company submission considers evidence that reflects the remaining
patient population not included in TA773, those chronic HF patients with EF >40%
(Table 1Error! Reference source not found.) (1) (2). A MHRA Marketing
Authorisation to cover the whole EF spectrum of chronic HF was issued in June 2022
(Table 2). A positive recommendation in the remaining chronic HF patient population
(i.,e. EF >40%) would result in the inclusion of empagliflozin in the NICE clinical
guideline, NG106, as a recommended treatment option for all adults with chronic

symptomatic HF, regardless of EF (3).
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Table 1. MA and NICE recommendation status of empagliflozin

Date of MA | NICE recommended/ date of
received NICE recommendation

Indication

Treatment of insufficiently controlled T2DM as

an adjunct to diet and exercise in adults:

e as monotherapy when metformin is
considered inappropriate due to intolerance

e in addition to other medicinal products for
the treatment of diabetes

22 May 2014 | Yes

Treatment of symptomatic chronic HF and EF

<40% (HFrEF) in adults 30 July 2021 9 March 2022 (Final Guidance)

Jardiance is indicated in adults for the treatment | 13th June | The focus of this company
of symptomatic chronic heart failure. 2022 submission 1D3945

Abbreviations: HFrEF, heart failure with reduced ejection fraction; EF, left ventricular ejection fraction; MA, marketing
authorisation; NICE, National Institute for Health and Care Excellence; T2DM, type 2 diabetes mellitus.
Reference: (1, 2, 7, 8)

This company submission represents a low risk to the committee in making a
recommendation for routine commissioning for HF patients with an EF 240%. In
TA773, the committee were satisfied that most uncertainties in the evidence were
addressed during technical engagement and the committee did not explore these
further during the committee meeting in December 2021. The only outstanding
uncertainty discussed at the committee meeting was a comparison of the benefits of
empagliflozin vs dapagliflozin, which is not relevant for this appraisal. In TA773, the
BMJ Evidence Assessment Group (EAG) provided a thorough critique of the evidence,
based on the EMPEROR-Reduced and PULSE (CPRD) study. The same cost utility
and budget impact models will be presented in this submission, however utilizing the
pivotal EMPEROR-Preserved trial instead. The main distinction between the
EMPEROR-Reduced and EMPEROR-Preserved trials is in the inclusion criteria, with
the former having enrolled patients with a baseline EF <40%) and the latter having
patients with EF 240% (5, 6). Both trials were phase Il international, multicentre,

randomised, double-blind, parallel-group, placebo-controlled trials (4-6).

To provide the committee with confidence that empagliflozin represents value for
money, and thus is suitable for routine commissioning, the company has proactively
pressure tested the key uncertainties in the economic evidence identified by the BMJ
EAG during Technical Engagement in TA773 (Section. B.3.10.3). We hope that this
will accelerate the evidence appraisal process. Broadly, these uncertainties focused
on whether the cost utility model accurately predicted the rate of deaths,
hospitalisations and treatment discontinuation compared to the rate observed in
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EMPEROR-Reduced. Mortality and hospitalisation rates were also compared to
PULSE to ascertain the generalisability of the model compared to UK clinical practice.
The BMJ also queried whether treatment waning could be expected over time, and
whether this impacted the incremental cost effectiveness ration (ICER). PULSE will be
used again to validate the outcomes predicted from the economic models. The
company show in Section B.3.10.3 that the ICER in HF patients with an EF=40% is
stable across a broad range of scenarios and assumptions, providing certainty for the

committee.
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Table 2. The decision problem

Decision problem addressed

cost-effectiveness  of treatments
should be expressed in terms of

Parameter Final scope issued by NICE . . Rationale if different from the final NICE scope
in the company submission
Population Adults for the treatment of | Same Not applicable
symptomatic chronic heart failure (EF
>40%)
Intervention Empagliflozin Same Not applicable
Comparator(s) Established clinical management | The evidence case is for | Not applicable
without empagliflozin, including but | empagliflozin as an add-oin to
not limited to loop diuretics, calcium- | established clinical
channel blockers, amiodarone and | management. Empagliflozin
anticoagulants does not replace established
clinical management.
Outcomes The outcome measures to be | Same Not applicable
considered include:
e symptoms of heart failure
e hospitalisation for heart failure
e all-cause hospitalisation
e mortality
e cardiovascular mortality
e kidney function
e adverse effects of treatment
e health-related quality of life
Economic analysis The reference case stipulates that the | Same Not applicable
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Decision problem addressed

Parameter Final scope issued by NICE . et
in the company submission

Rationale if different from the final NICE scope

incremental cost per quality-adjusted
life year.

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 taken
into account.

Subgroups to be | Not included in the draft scope No subgroups were considered | Not applicable
considered separately in the economic
analysis
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Decision problem addressed

Parameter Final scope issued by NICE . . Rationale if different from the final NICE scope
in the company submission

Special considerations | Not included in the draft scope Broad prescribing of SGLT2i in | The socio-economic inequalities in CV disease

including issues related primary and secondary care for | present a major and persistent UK public health

to equity or equality HF, regardless of EF, could | challenge. The UK-based population studies

reduce the inequality in terms of | demonstrate that socio-economic deprivation is a
access to heart failure care in | strong risk factor for the development of HF and
the UK 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 on average, at a 3.5 years
younger age with a greater comorbidity burden at the
time of HF symptom onset (9). Findings from Conrad
et al. (2018) report socio-economic inequalities
among all age bands and by sex in the most deprived
region, which were twice as high in younger adults
(IRR 2.56; 95% ClI, 2.30-2.85 in the 45-54 years age
group vs. 1.17; 95% Cl, 1.13-1.22 in the >85 years

age group) (9).
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Decision problem addressed

Parameter Final scope issued by NICE . et
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. (2018) 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
areas of a lesser deprivation (11). In addition to
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. (2013) reported on a prospective
study of 7,049 men and 8,353 women in the west of
Scotland who were followed up for 37 years; the
likelihood of a hospital admission for CV disease was
21% higher for female patients in highest socio-
economic class than patients in lowest class. Those
patients in social class IV and V (partly skilled and
unskilled occupations) also stayed 25% longer in
hospital than social class | and Il (professional,
managerial and technical occupations) (736 vs. 589
bed day/1,000 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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Decision problem addressed

Parameter Final scope issued by NICE . et
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 nine 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 terms of access to HF care
across socio-economic groups within the UK.
Together with TA773, this appraisal further supports
this objective by providing a treatment option for
those patients regardless of EF.

Abbreviations: CV, cardiovascular; HF, heart failure; IRR, incidence rate ratio; EF, left ventricular ejection fraction; NHS, National Health Service; NICE, National Institute for Health and Care Excellence;
SGLT2i, sodium-glucose co-transporter 2 inhibitors; UK, United Kingdom.
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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 (SGLTZ2i) which has cardioprotective effects and improves HF-related

outcomes (16, 17).

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

product characteristics (SmPC) for empagliflozin.

Table 3. Technology being appraised

UK approved name and brand | Empagliflozin (JARDIANCE®)
name
Mechanism of action Empagliflozin 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; however, 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 ischaemia/reperfusion injury through
decrease in calmodulin kinase Il activity (17, 18).

Marketing authorisation/ | Empagliflozin currently holds the EMA MA and is recommended
CE mark status by NICE for the treatment of T2DM as a monotherapy (25 May
2016) or as a combination therapy with insulin or other
antidiabetic drugs (25 March 2015) (2, 7, 8). For treatment of
chronic HFrEF, empagliflozin received the EMA Marketing
Authorisation on 30 July 2021 and the NICE recommendation
was published on 09 March 2022 (1, 2).

On 27 January 2022, the Committee for Medicinal Products for
Human Use (CHMP) adopted a positive opinion,
recommending a change to the terms of the MA for the
medicinal product Jardiance to include all adult patients with
chronic symptomatic heart failure (2). The EMA MA was
granted on 3 March 2022, and the UK MHRA MA was granted
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on 13" June 2022. The draft SmPC is provided in Appendix C

(19).
Indications and any | Indication relevant to this submission: Empagliflozin is
restriction(s) as described in the | indicated in adults for the treatment of symptomatic chronic
summary of product | heart failure (pending indication expansion from the EMA and
characteristics (SmPC) the MHRA).

Other indications:

o Empagliflozin is indicated for the treatment of adults
with insufficiently controlled type 2 diabetes mellitus as
an adjunct to diet and exercise
o as monotherapy when metformin is considered

inappropriate due to intolerance
o in addition to other medicinal products for the
treatment of diabetes.

e Empagliflozin is indicated in adults for the treatment of
symptomatic chronic HFrEF.

Method of administration and
dosage

Additional tests or
investigations

List price and average cost of a
course of treatment

10 mg oral empagliflozin once daily

None

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

Patient access scheme
(if applicable)

Abbreviations: CHMP, Committee for Medicinal Products for Human use; EMA, European Medicines Agency; HF, heart failure;
HFrEF, heart failure with reduced ejection fraction; EF, left ventricular ejection fraction; MA, marketing authorisation; MHRA,
Medicines and Healthcare products Regulatory Agency; NICE, National Institute for Health and Care Excellence; SGLT2, sodium-
glucose co-transporter 2; T2DM, type 2 diabetes mellitus; UK, United Kingdom.

None

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

treatment pathway

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 presents as either acute or chronic HF. Patients who are acutely

decompensated might actually have chronic HF (20).

e There are limitations to the New York Heart Association (NYHA) classification as it is
dependent on clinician’s interpretation and poor agreement has been identified between
cardiologists (20, 22).

e The recent European Society of Cardiology (ESC) guideline (2021) classifies HF based
on EF; however, there are inconsistencies regarding the definition of different classes

of HF observed in clinical trials and among clinical experts (20, 23).
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e Given the limitations in NYHA classification and the definition of HFrEF, HFmEF and
HFpEF, the best available way to define patients in this company submission is by EF.
e This company submission provides evidence for all patients with chronic HF and EF
>40%, with the overall preferred outcome to have a broad recommendation for

empagliflozin for all chronic HF patients in the NICE guideline NG106.

B.1.3.1 Overview of the disease for which the technology is indicated
B.1.3.1.1 Disease overview
Clinical presentation and aetiology of heart failure

Heart failure 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 myocardium injury caused by a wide range
of pathologies including ischaemic heart disease (IHD), congenital heart defects,
hypertension and non-cardiovascular (non-CV) systemic diseases such as diabetes
and severe lung disease (24). More than two-thirds of all cases of HF can be attributed
to IHD, 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 is a
life-threatening condition, with a rapid onset of HF symptoms, typically leading to
urgent hospital admissions (20, 27) and patients who are acutely decompensated may
have chronic HF (20). Chronic HF 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
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patients with chronic HF have a systolic dysfunction caused by the left ventricle failing
to pump blood efficiently (29). In some patients, diastolic dysfunction is observed due
to increased left ventricular stiffness or abnormal left ventricular relaxation, resulting
in reduced left ventricular filling (30). Failure of the left ventricle may lead to right
ventricular dysfunction by multiple mechanisms including myocardial ischaemia
involving both ventricles, increased pulmonary venous and arterial pressure, and
reduced right ventricular coronary perfusion due to decreased systolic blood pressure
(SBP) (29).

The NYHA classification differentiates patients based on severity of HF (20) and it is
commonly used for functional classification in patients with HF in clinical practice and
as an entry criterion and/or outcome measure in clinical trials (Table 4). However,
there are limitations to the NYHA classification, despite it reflecting the natural course
of HF. Patients rely on the clinician’s subjective interpretation of their functional
capacity (which can fluctuate over time) to determine the NYHA classification;
however, the functional classification was found to be a poor prognostic indicator in
HF (22). The validity of NYHA class as an entrance criterion or an outcome measure
in clinical trials is disputed since the concordance between cardiologists assigning
NYHA classes can be as low as 54% (31). This suggests that there is a poor
agreement between cardiologists in differentiating patients between class Il and class
[l (31). This is a key reason why the economic model based on health states defined
by NYHA is not presented in this submission.

Table 4. NYHA functional classification based on severity of symptoms and
physical activity

Classification | Description

No limitation of physical activity. Ordinary physical activity does not cause undue
Class | ; i

breathlessness, fatigue or palpitations.

Slight limitation of physical activity. Comfortable at rest, but ordinary physical activity
Class I . : -

results in undue breathlessness, fatigue or palpitations.

Marked limitation of physical activity. Comfortable at rest, but less than ordinary activity
Class Il . o

results undue breathlessness, fatigue or palpitations.

Unable to carry on any physical activity without discomfort. Symptoms at rest can be
Class IV . Do X L

present. If any physical activity is undertaken, discomfort is increased.

Abbreviation: NYHA, New York Heart Association.Reference: (20).
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Alternatively, HF is categorised by EF; however, there is ambiguity across the clinical
community regarding the range of EF that should be classified as HFrEF, heart failure
with mildly reduced ejection fraction (HFmrEF) or heart failure with preserved ejection
fraction (HFpEF). According to the 2021 European Society of Cardiology (ESC) HF
guidelines, HFrEF includes HF with EF <40%, HFmrEF includes HF with EF 41% to
49% and HFpEF includes HF with EF 250% (20). The definition of HFpEF has differed
in clinical trials ranging from EF >40%, 240% and 245% to 250% (32-38). Furthermore,
clinicians have agreed that it is not well-defined or understood in the real-world
practice (39, 20, 40). Given this ambiguity in nomenclature, for simplicity, this
submission has defined the target population-based on EF, (those with symptomatic
chronic HF with EF >40%) (Figure 1), which focuses on the population not already
assessed by NICE in TA773 (chronic HF with EF <40%). Therefore, the preferred
outcome of this submission is to have a broad recommendation for empagliflozin for
all chronic HF patients in the NICE guideline NG106, regardless of EF.

Figure 1. Left ventricular chronic HF

Left ventricular ejection fraction %

Population assessed in the NICE appraisal TA773 (LVEF <40%) Focus population of this NICE submission 1D3945 (LVEF >40%)
15 20 25 30 35 40 45 50 55 60 65 70 75
LVEF <40% LVEF 41%-49% LVEF 250% and elevated natriuretic
peptides
+ Occursdue to loss of systolic function Retrospective analyses from RCTs
* Myocardial injury (e.g., myocardial infarction) showed these patients to benefit

* More challenging to diagnose

caused LV remodelling, with dilatation and from similar therapies as patients Heterogeneous pathophysiology e.g.

impaired contractility with HF (LVEF <40%) hypertension, diabetes, obesity

* Characterised by endothelial dysfunction,
arterial stiffness and LV abnormalities

Abbreviations: HF, heart failure; LV, left ventricular; EF, left ventricular ejection fraction; RCTs, randomised controlled trials.
Reference: (20).
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B.1.3.1.2 Epidemiology

e The size of the challenge of improving outcomes for patients with HF is substantial:

o Population growth, aging and the rising burden of T2DM, hypertension and obesity

are driving the increasing global prevalence of HF (9).

o Inthe UK, 920,000 people are estimated to live with HF and 200,000 people are
newly diagnosed with HF every year (3, 41-43).

o The proportion of HF patients with EF 240% is increasing each year with

approximately half of all HF patients estimated to have HF with EF 240% (43).

o The burden of HF is just as high as other chronic conditions such as some types
of cancer or COPD (9, 44).

o Heart failure is associated with a high prevalence of comorbidities, with coronary
heart disease (47.8%-61.1%) and hypertension (45.7%-54.6%) being the most
common (17, 45-47).

Prevalence and incidence

Heart failure is a growing public health problem driven by an increase in population
size and age (9). The increasing prevalence of chronic conditions such as T2DM,
hypertension and obesity also contributes to increasing HF burden (9). Approximately
64.3 million people worldwide are estimated to have HF (43). Based on 2014 data,
there are more than 920,000 people with HF in the UK (9); of those, approximately
650,000 are on their general practitioner (GP)’s HF register (41). 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 to 74 years and
those older than 75 years, respectively, with a higher estimated prevalence in men
(7.5%) compared to women (4.8%) in those older than 75 years (41). The proportion
of HF patients with EF >40% is increasing each year with approximately half of all HF
patients estimated to have HF with EF >40% (43). A real-world evidence (RWE) study
conducted in the UK (PULSE) reported that 8.7% of all HF patients had EF >40% in
2015 which increased to 10.4% in 2019; however, this data should be interpreted with

caution since a large proportion of patients had unknown EF in this RWE study (48).
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The number of newly diagnosed HF cases in the UK has increased by 12% between
2002 and 2014 and there is no indication that the trend is slowing down (9). Around
176,000 to 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, 41, 48). There has been a year-
on-year increase in the incidence of HF since 2015. The RWE PULSE study reported
that the incidence of diagnosed HF increased from 4.10 per 1,000 person-years in
2015 to 4.85 per 1,000 person-years in 2019 (48).

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 (49). 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 therefore similar to that of cancer or COPD, indicating an urgent

need to improve outcomes for HF patients at scale.

Comorbidities

The cardio-renal 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 (50). 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 (51). HF patients therefore often suffer from renal or metabolic comorbidities

due to the overlapping risk factors for these conditions (52).

The prevalence of comorbidities is high among HF patients across the entire spectrum
of EF (53). 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, 54, 55).
Furthermore, nearly one-third have comorbid T2DM, also known to increase the risk
of hospital admissions and cardiovascular (CV) death (10, 56). The onset of T2DM
increases the risk of HF by two-fold in men and five-fold in women (57). Other common

comorbidities related to HF are atrial fibrillation, valvular heart disease, IHD,

Company evidence submission template for empagliflozin for treating chronic heart failure with
left ventricular ejection fraction >40% [ID3945]

© Boehringer Ingelheim (2022). All rights reserved Page 23 of 180



hypertension and stroke (9, 20). Some non-CV comorbidities are thyroid disorder,
obesity, anaemia and COPD (9, 20). A UK population-based cohort study showed that
the patients with incident HF had high comorbidity burden, with 79% patients having
at least three comorbidities (9). The prevalence of common comorbidities found in the

study are presented in Table 5 (9).

Table 5. Common comorbidities in patients with heart failure

Medical History HF (%)
Hypertension 67
IHD 49
Osteoarthritis 43
Atrial fibrillation 40
Dyslipidaemia 28
CKD 24
Diabetes 22
COPD 19

Abbreviations: CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; IHD, ischaemic heart disease.
Reference: Conrad et. al. (2018) (9).

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
diagnosis (Table 6 and Table 7) (45). The data reported in the tables below further

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

Table 6. 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%)
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Prostate Lung Colorectal Bladder Heart
cancer cancer cancer cancer failure
No comorbidity, n | 1,949 1,116 1,278 o o
(%) (28.7%) (23.8%) (30.1%) 499 (24.6%) (R
. o 2,614 1,515 1,596 o 4,711
Hypertension, n (%) | 33 50, (32.3%) (37.7%) 801 (39.5%) | (45.7%)
Asthma, n (%) 491 (7.2%) | 355 (7.6%) | 286 (6.7%) | 124 (6.1%) | 788 (7.6%)
Coronary heart | 1,303 1,091 o o 6,295
disease, n (%) (19.2%) (23.2%) 817 (19.3%) | 488 (24.1%) | (51 104
. o o 0 o 0 2,234
Diabetes, n (%) 688 (10.1%) | 562 (12.0%) | 611 (14.4%) | 314 (15.5%) (21.7%)
1,241 1,707
0, o, ’ 0, 0] )

COPD, n (%) 611 (9.0%) (26.4%) 390 (9.2%) | 237 (11.7%) (16.6%)
Stroke or TIA, n (%) | 321 (4.7%) | 445 (9.5%) | 245(5.8%) | 112(5.5%) | 754 (7.3%)
; 0 0 0 o o 4,448
Previous MI, n (%) 657 (9.7%) | 563 (12.0%) | 442 (10.4%) | 261 (12.9%) (43.1%)

Chronic kidney o o o 1,560
disease, n (%) 550 (8.1%) | 473 (10.1%) | 381 (9.0%) | 220 (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; MI, myocardial infarction;

transient ischaemic attack.
Reference: (45)

PVD, peripheral vascular disease; TIA,

Table 7. 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 . . .
(%) (38.2%) (28.4%) 769 (19.9%) 465 (37.7%) | 500 (5.5%)

yp (%) (30.3%) (40.2%) 1,451 (37.6%) | 364 (29.5%) (54.6%)
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Breast Colorectal L Ovarian Heart
ung cancer .
cancer cancer cancer failure
Asthma, n (%) 945 (8.8%) | 296 (8.2%) | 386 (10.0%) | 95 (7.7%) ?125 19%)
Coronary heart . . . . 4,367
disease, n (%) 839 (7.8%) | 499 (13.8%) | 718 (18.6%) | 108 (8.8%) (47.8%)
Diabetes, n (%) 786 (7.3% 0 ) 0 1,708
; 3%) | 425(11.8%) | 421(10.9%) | 89 (7.2%) (18.7%)
COPD, n (%) 0 0 0 0 1,455
; 583 (5.4%) | 275 (7.6%) 1,118 (29.0%) | 74 (6.0%) (15.9%)
Stroke or TIA, n (%) | 445 (4.1%) | 237 (6.6%) | 382 (9.9% 58 (4.7%) | ;404
1% 6%) (9.9%) (4.7%) (15.4%)
Previous MI, n (%) 0 0 0 0 2,665
; 305 (2.8%) | 207 (5.7%) 292 (7.6%) 48 (3.9%) (29.2%)
Chronic kidney . . . . .
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; TIA,

transient ischaemic attack.
Reference: (45)

Risk factors for disease

Risk factors associated with CHF 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 an increased risk of HF (10). Hypertension,

smoking, elevated body mass index (BMI), diet and poor physical activity are also

contributing to the pathogenesis of HF (58-60).
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B.1.3.1.3 Disease burden

The extent to which HF impacts patients’ lives is substantial:

e Heartfailure is a debilitating condition; the cardio-renal-metabolic (CRM) system-related
comorbidities increases the symptom burden in HF patients (20, 61, 62).

¢ Inthe UK, HF mortality is variable and ranges between 14.4% and 26% at one year and
between 48.5% and 68.1% at five years (45, 47, 63, 64).

o Comorbidities, such as chronic kidney disease (CKD), T2DM and lung disease lead to
an increased number of hospitalisations and in turn are associated with an increased
risk of mortality (45, 47, 63, 64).

e Heart failure is associated with a high rate of hospitalisation, especially in elder patients
(45, 65-68). There is an unmet need to lower the hospitalisation rates and reduce the

risk of mortality for chronic HF patients (68).

Symptomatic burden

Heart failure patients experience debilitating symptoms including breathlessness,
orthopnoea, paroxysmal nocturnal dyspnoea, reduced exercise tolerance, fatigue and
ankle swelling (20, 61). The interdependencies within the CRM system lead to
accelerated progression of CKD and HF and this increase the symptomatic burden on
HF patients (62). Around a quarter of HF patients develop T2DM and up to 50% of
these patients develop CKD (62). Furthermore, there are challenges in diagnosing
chronic HF in terms of availability and use of echocardiography services (69, 70).
Access to echocardiography, shortage of technically trained staff and complexity of
symptoms usually cause delay in commencement of treatment in HF patients (69, 70).
This means that HF patients are at a high risk of decompensation or cardiac event

such as breathlessness, severe peripheral oedema and chest pain (42).

Morbidity and mortality

There remains a high unmet need to reduce the risk of mortality in all chronic HF
patients. The prognosis of HF remains poor and the burden of HF in the UK is similar
in magnitude to that of the four most common cancers (breast, prostate, lung and
bowel) combined (9, 45, 47); further evidencing the need to improve outcomes across
the UK population. Estimates for 1- and 5-year HF mortality in the UK are variable, but
range between 14.4% and 26% for 1-year and between 48.5% and 68.1% for 5-year
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post-diagnosis (45, 47, 63, 64). A population-based cohort study in the UK estimated
the 10-year mortality for HF patients to be 75.5% (63). A UK retrospective study of 241
people (41 with chronic HF [EF >40%]) indicated that 27% of patients with chronic HF
(EF >40%) died within 1 year of hospital admission (71). IHD was a significant
predictor of mortality among these patients (hazard ratio [HR] 7.14; 95% confidence
interval [Cl], 1.51 to 33.85; p=0.01) (71).

The reasons for CV mortality and non-CV mortality in patients with HF are varied, and
the risk of death is significant across the EF spectrum, although some differences have
been reported. Published literatures have reported that the majority of deaths in
patients with chronic HF (EF >40%) are CV-related (60%-70%), and the proportion of
non-CV deaths are higher in patients with higher EF (72, 73). Frequently documented
CV mortalities in chronic HF (EF >40%) are sudden cardiac death (around 40%),
worsening HF (20%-30%), and myocardial infarction (MI) and stroke (5%-15%) (73).
Among the non-CV deaths, cancer (30%-40%) followed by infection/sepsis (around

25%) are most commonly reported (73).

Compared to other European countries, outcomes for HF patients in the UK are far
worse. Significantly higher mortality rates have been observed compared to a
European and global RWE studies (74-76). These studies reported that in other
countries, the 1-year mortality rate ranged from 6.4% to 20.0% in chronic HF patients

and rate 5-year mortality rate was 45.0% in chronic HF patients (48, 74-76).

The overall prognosis of HF patients is exacerbated when patients have other
comorbidities including CKD, T2DM, atrial fibrillation and obesity (77-79). Presence of
diabetes and CKD in HF patients is associated with increased mortality and
hospitalisation (54, 62). A UK 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 (80). Furthermore, HF patients with
T2DM showed a higher mortality rate of 34% compared to those without T2DM with a
mortality rate of 22% from either a CV death or hospitalisation for heart failure (HHF)
(78).
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Healthcare system burden

There is an unmet need to lower the hospitalisation rates and in turn reduce the risk
of mortality in chronic HF patients (68) as HF is the most common cause of
hospitalisation in patients over 65 years of age (45, 65-68). A 2014 study from the UK
suggested that approximately 20% of patients hospitalised with HF have an EF 250%
(81). A global study, including UK patients, found that over a median follow-up of 4.1
years, the all-cause hospitalisation rate was 56.5% among all patients with chronic HF
(EF =245%) (78). A hospital readmission rate of 20% was also reported in the 12
months after discharge for patients with chronic HF (EF >40%) in the UK (71).

There are a number of factors contributing to the increased risk of hospitalisation and
rehospitalisation. A recent Clinical Practice Research Datalink (CPRD) study identified
that 80% of HF cases in England are diagnosed after emergency hospital admission
for acute HF symptoms (82). The burden of hospitalisation is significant across the EF
spectrum; however, some differences have been observed. Higher rates of HHF are
observed in HF patients with diabetes, where the readmission rate is nearly double
compared to those without diabetes (83-85). Furthermore, in patients with chronic HF
(EF >40%), the challenges in diagnosis and limitation of available treatment for its

management contribute to the increased risk of hospitalisations and mortality (20, 42).

B.1.3.1.4 Economic burden

e Heart failure accounts for 2% of the total NHS budget annually (86).

e The economic burden increases even further in those patients with HF and comorbidities
(87, 88).

e Inthe UK in 2012, the direct and indirect costs of HF amounted to £2.0 billion and £888
million, respectively (69, 86, 89, 90).

e There is a need to reduce HHF costs, considering its major contribution towards total
HF costs in the UK.

There is a substantial economic burden of HF in the UK, where it is estimated to
annually account for 2% of the NHS budget, with 60% to 70% of the costs related to
hospitalisations (89, 90). Heart failure patients accounted for 1 million inpatient bed
days (representing 2% of all NHS inpatient bed days and 5% of all emergency medical
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hospital admissions), with an average length of stay of 6 to 9 days and a 3-month
readmission rate of 25% (86, 91).

The economic burden increases even further in HF patients with comorbidities.
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 (87). Patients with chronic HF (EF >40%) and T2DM are reported to
have higher hospitalisation rates and longer length of stays compared to those without
T2DM (88).

The cost associated with hospitalisation is the main driver of UK healthcare spending
in HF patients; hence, the reduction of hospitalisation frequency and duration would
significantly lower the overall economic burden of HF to the NHS. In 2012, it was
estimated that the direct and indirect costs of HF amounted to ~£2.0 billion and £888
million, respectively (86, 89, 90). During the last three months of a HF patient’s life,
the inpatient care or critical care account for more than 90% of healthcare costs (92).
Although not a direct cost to the NHS, the indirect cost of informal care cost has also
shown to rise with increasing rates of hospitalisation (93-95). It is important to note
that the broader societal costs of hospitalisation may be even higher as informal care
has further shown to significantly impact both the caregiver’'s leisure time and
productivity; evidence suggest that caregiving responsibilities result in an average of

28 hours per week of time commitment (93-95).

B.1.3.1.5 Humanistic burden

e Heart failure has a substantial impact on patients’ quality of life, affecting their physical,
social, emotional and psychological well-being (42).
e The impact of HF on the quality of life of carers is also significant (95).

e This impact further evidences the need to improve outcomes for HF patients across the

spectrum of EF.

Heart failure has a significant impact on patients’ physical well-being across the EF
spectrum. Some differences have been reported in quality of life across the EF;
however, there is no consensus in the published literature. The physical well-being of

HF patients was reported in several UK studies, where patients experienced a range
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of symptoms including breathlessness, reduced sleep quality, frailty,
cognitive/psychomotor impairment, respiratory symptoms and chest pain (20, 61, 96).
One UK study reported a continuous quality of life difference in chronic HF patients
compared to those without HF, where on an average, a 16% reduction in physical
activity was observed (96). Another UK study showed that a higher proportion of
patients with chronic HF (EF >40%) experienced a reduction in daily activities
compared to those without HF (52.2% versus 36.8%) (61).

The impact of HF on patients’ emotional well-being is substantial across the EF
spectrum. Patients have often reported feeling overwhelmed, frustrated, limited and
worried, particularly around the caring for their children/spouses and the impact it has
on their self-confidence (42). The substantial reduction in patient’s physical and

emotional well-being are even associated with a higher risk of mortality (61, 96).

Similarly, the impact of HF on the quality of life of carers is also significant. Carer’s
health as a result of carer's responsibilities were also shown to be significantly
impacted by stress (35%), moderate to severe anxiety/depression (32%), emotional
strain (33%), physical (33%) or mental (31%) tiredness and pain/discomfort (29%)
(95).

B.1.3.2 Clinical pathway of care

Although several therapies are recommended for the treatment of patients with chronic HF
(EF £40%) (3, 20), there remains an unmet need for an effective treatment for patients with

HF (EF >40%) that improves disease-related outcomes.

e Diuretics, calcium-channel blockers, amiodarone (in consultation with a specialist) and
anticoagulants are recommended for the management of all patients with chronic HF,
(i.e EF <40%, >40%)

e The NICE guideline for chronic HF in adults (NG106) does not recommend any targeted
pharmaceutical treatment for chronic HF (LVEF >40%). (3).

e For patients with chronic HF (EF >40%), treatment is focused on the management of
comorbidities such as hypertension, atrial fibrillation, IHD and diabetes in line with NICE
guidance (3).
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e The 2021 ESC guideline does not recommend any targeted pharmaceutical treatment
for chronic HF (LVEF >50%). Additionally, although angiotensin-converting enzyme
inhibitors (ACELI), angiotensin receptor blockers (ARBs), angiotensin receptor-neprilysin
inhibitors (ARNI), beta-blockers and mineralocorticoid receptor antagonists (MRA) have
been recommended to be used in patients with chronic HF (EF 41% to 49%), the
strength of recommendations are low and are not well established by evidence/expert
opinion (20).

¢ In the clinical practice, the implementation of NG106 for HF patients is highly variable

(3, 47). This is observed more acutely in those patients with a higher EF, due to

challenges in diagnosis (39, 97).

B.1.3.2.1 Current standard of care

NICE clinical treatment pathway

The diagnosis of HF is multifactorial and encompasses detailed clinical history,
physical examinations, electrocardiograms (ECGs), stress tests, chest x-rays,
coronary angiograms, cardiac computerised 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 suspected HF as an essential diagnostic tool (Figure 2) (3, 20).
However, the NT-pro-BNP level cannot differentiate between chronic HF EF <40% and
EF >40% (3). Transthoracic echocardiography is required for confirmatory diagnosis
and to inform classification of HF, which in turn guides the management of the
condition (3, 20).
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Figure 2. Chronic heart failure diagnostic pathway
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Abbreviations: ECG, electrocardiogram, NT-pro-BNP, N-terminal prohormone brain natriuretic peptide.
Source: NICE guideline NG106 (3)

Following chronic HF (EF >40%) diagnosis, the treatment focuses on the management
of comorbidities and to alleviate symptoms and improve well-being (74, 98). Currently,
the NICE guidelines do not recommend any specific therapy for the treatment of
chronic HF (EF >40%) (Figure 3) (3).
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Figure 3. NICE treatment pathway for chronic HF (EF >40%)

Chronic
heart failure
diagnosed by
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congestive symptoms
and fluid retention
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in line with NICE guidance

Offer a personalised
exercise-based cardiac
rehabilitation programme unless
condition is unstable

Abbreviation: HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction.

Note: As per NICE guideline, all patients with EF <40% are classified as HFrEF and remaining other HF patients are classified
as HFpEF.

Source: Adapted from NICE guideline NG106, 2018 (3)

Calcium-channel blockers, amiodarone (in consultation with a specialist),
anticoagulants and diuretics are used for the management of all patients with chronic
HF (3). Diuretics are used routinely to provide symptomatic relief, particularly in the
presence of oedema, but without direct evidence of survival benefit (99). Additionally,
the efficacy benefit of diuretics across the EF spectrum of HF is not equal (3, 99).
Patients with chronic HF (EF >40%) are usually offered a low to medium dose of loop
diuretics such as furosemide (<80 mg per day) (3). Patients who do not respond to
diuretics are then referred to a specialist who can optimise comorbidity management
and can advise patients to use other services, including cardiac rehabilitation, services

for older people and palliative care services, as needed (3).

Clinical practice and heart failure services

The recent 2021 ESC guideline has recommended the use of ACEI, ARB, ARNI, beta-
blockers, MRA and diuretics for management of patients with chronic HF (EF 41% to
49%) (Table 8) (20). However, the strength of the recommendations are low and are

not supported by evidence as no substantial prospective randomised controlled trials
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(RCTs) have been exclusively conducted in patients with EF 41% to 49% (20). For
patients with chronic HF (EF 250%), the guideline still does not recommend any
specific medications (20). The management of these patients are limited to screening
and treatment of CV and non-CV comorbidities (Table 8) (20). In clinical practice, the
prescription of pharmacological treatments in patients with chronic HF (EF >40%) was
similar to that with EF <40% since there are no evidence-based guidelines for these
patients (100, 101). This finding may reflect the use of concomitant treatment for
comorbidities such as loop diuretics to manage fluid overload and congestion, and
ACEI/ARBs for hypertension, which are presented in chronic HF patients irrespective
of EF (20).

Table 8. ESC recommendations or pharmacological treatments to be considered
in patients with chronic HF

EF <40% EF 41%-49% EF 250%

All patients: e Diuretics e Screening for,

e« AnACEl « AnACEI ;['d treatment

e A beta-blocker e A beta-blocker aetiologies,
and CV and

e AnMRA e AnMRA non-CV

o Dapagliflozin or empagliflozin e ARNI comorbidities

e ARNI L] Diuretics

Selected patients:

In patients with congestion

e Diuretics

In patients who failed on an ACEI (or ARNI), a beta-
blocker and an MRA

e AnARB

e |vabradine
e Vericiguat
e Hydralazine and isosorbide dinitrate

e Digoxin

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-
neprilysin inhibitor; CV, cardiovascular; ESC, European Society of Cardiology; HF, heart failure; EF, left ventricular ejection
fraction; MRAs, mineralocorticoid receptor antagonists.

Reference: (20).

Many challenges are faced by GPs in managing patients with chronic HF in primary
care. GPs reported limited understanding of different types of HF, mostly due to a lack

of clear consensus on its definition and diagnosis (97). Patients with chronic HF,
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regardless of their EF, present in clinical practice in the same way (102). Both
associated CV and non-CV comorbidities make the diagnosis very complex (102).
Primary care often test for elevated NT-proBNP, and if HF is suspected, the patient is
referred to specialist care where the diagnosis and type of HF is confirmed (39).
However, echocardiograms are unreliable for some of the arbitrary definitions for HF
subtypes (e.g., distinguishing between an EF of 40% to 45%) and do not often report
an exact value for EF >55% in clinical practice as it would be classed as “normal EF”
(39). There are limitations in access to echocardiography and technically trained staff
as well. Variation has been observed in access to natriuretic peptide testing for
diagnosis and monitoring and use of validated tools to quantify the severity of
symptoms (47, 70). Combined, these factors lead to delays in diagnosis and

subsequently, in the commencement of treatment.

There are 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) (3, 47). 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) (3, 47). In
UK clinical practice, however, the structure and provision of HF care varies and is not
always in accordance with the current guidelines (3, 47). There is a lack of availability
of specialist services for patients with chronic HF with higher EFs (103). Around 60%
to 80% of specialist HF practices reported patients with EF >50% and only 53% of
community services reported these patients of EF >50% (47, 103). Thus, the patients
with EF >50% are usually discharged to primary care after diagnosis, who then take

the lead in managing these patients (70, 104).

The COVID-19 pandemic has further negatively impacted the availability of HF
services, including diagnostic and outpatient specialist care services. Patients are now
also less likely to seek medical care for any HF symptoms they experience (Section
B.1.4) (15). A UK-based study reported that in primary and secondary care, inpatient
ECGs reduced by 44% and NT-proBNP tests reduced by 75% during the COVID-19
lockdown period (105). This led to a reduction in patients presenting with signs and

symptoms of HF and a 34% decrease in the number of new patients referred to
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community HF service (105). Many HF specialist clinicians had to be reallocated to
acute or medical wards in order to accommodate COVID-19 patients (105-107). Home
visits and in-clinic appointments were postponed for around 65% of HF patients, and

telephone or video consultation services increased by 66% (105, 108).

COVID-19 has exacerbated pre-existing health inequalities, as patients in a lower
socio-economic group were already less likely to seek medical attention in secondary
care before the pandemic. The impact is significant. HF is also a risk factor for worse
outcomes with COVID-19 (109, 110), and patients with chronic HF were 17% more
likely to die of COVID-19 than those who did not (111). 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 (9).

B.1.3.2.2 Unmet need

e Patients with chronic HF continue to experience high mortality and morbidity, high
symptom burden, reduced functional capacity and poor quality of life (9, 20, 47, 61, 82).

¢ No therapy so far has demonstrated efficacy for HF across the broad spectrum of EF
(86).

e There is no evidence that the currently prescribed drugs for HF across the broad
spectrum of EF (e.g. ACEI/ARB, beta-blockers, or MRAs), which are generally used to
control CV comorbidities, significantly reduce symptom burden (20).

e As there are no licensed efficacious SoC treatments for patients with HF (EF >40%), the
usual therapies (i.e., treatments used to treat CV comorbidities) are the current SoC for
these patients (20).

e There is a need for targeted therapies that are available across primary and secondary
care that have an immediate impact on patient prognosis and quality of life without dose-

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

As discussed in earlier sections, 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, lack of pharmacological therapy and widening
socio-economic inequalities (9, 47, 82). 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 (112, 113). During 2018-2019, there were more than
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100,000 hospital admissions for HF in the UK, an increase of almost a third compared
to 2013-2014 (114, 115). The challenges in diagnosis and limitation of available
treatment for its management contribute to the increased risk of HF hospitalisations
and mortality (20, 42, 70). The quality of life of patients is also markedly reduced
especially in patients with chronic HF (EF >40%) since there are no licensed

efficacious SoC treatments targeting this population (20, 61).

Many different classes of therapies such as ACEI, ARBs, beta-blockers, MRA and
ARNI have been tested in international (including the UK) clinical trials but did not
show a statistically significant improvement in patients with HF across a broad
spectrum of EF. ACEI (perindopril), in the PEP-CHF trial, did not show any statistically
significant differences in outcomes compared with placebo in all-cause mortality or CV
hospitalisation that included elderly patients with HF (EF 40%-50%) due to left
ventricular diastolic dysfunction; thus, it is non-efficacious across a broad spectrum of
EF (116). Similarly, angiotensin receptor blocker (irbesartan) failed to show benefit
across a broad spectrum of EF. As assessed in the I-PRESERVE trial including
patients with EF >45%, irbesartan did not improve the primary composite outcome of
death from any cause or hospitalisation for a CV cause (HF, MI, unstable angina,
arrhythmia  or  stroke) (35). Angiotensin  receptor-neprilysin  inhibitor
(sacubitril/valsartan) assessed in the PARAGON-HF trial, including patients aged >50
years and EF >45%, was the largest clinical trial to date (N=4,822). After a median
follow-up of 35 months, sacubitril/valsartan did not show a statistically significant
reduction in CV death and HHF among patients with HF and EF >45% (37).

Global studies of other drugs also had similar results. Another ARB, candesartan in
the CHARM-Preserved trial, showed no difference in CV deaths but a non-significant
reduction in HHF compared to placebo (HR, 0.84; 95% CI, 0.70 to 1.00) (38).
Nebivolol, a beta-blocker, significantly reduced the combined primary endpoint of all-
cause mortality or CV hospitalisation in the SENIORS trial; however, this trial included
very few (15%) patients with an EF >50% (117, 118). Furthermore, this trial had a high
likelihood for type Il errors which reduced its power to detect the reported differences
among the EF subgroups (118). A meta-analysis including 15 non-interventional and

two interventional studies found that beta-blockers significantly reduced HHF but not
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mortality in patients with HF (EF >40%) (119). The primary composite endpoint (death
from CV causes, aborted cardiac arrest or HHF) for the MRA (spironolactone) studied
in the TOPCAT trial was not met (HR, 0.89; 95% CI, 0.77-1.04); however, it showed a
significantly lower incidence for HHF (HR, 0.83; 95% CI, 0.69-0.99; p=0.04) (36). Thus,
to date, there are no approved disease-modifying treatments for management of HF
patients across a broad spectrum of EF. Furthermore, in clinical practice, the
management of patients with chronic HF (EF >40%) focuses on identification and
treatment of the underlying risk factors, aetiology and coexisting comorbidities;

however, improved outcomes have not been observed for these patients (20).

There is a need for evidence-based disease-modifying therapies for patients with
chronic HF across a broad spectrum of EF that are available across primary and
secondary care and not reliant on echocardiography to establish EF. This will have an
immediate impact on patient prognosis and quality of life which will be important for

post-COVID-19 recovery.

B.1.3.2.3 Positioning of empagliflozin in the UK treatment pathway

e Empagliflozin is the first therapy to demonstrate efficacy in a broad range of
chronic HF patients across the full spectrum of EF (5, 6).

e Empagliflozin should be broadly positioned as an add-on to background therapy
regardless of LVEF in all patients with chronic symptomatic heart failure.

e Empagliflozin is already recommended as an add-on in patients with an
EF<40%, based on EMPEROR-Reduced (TA733).

e Based on EMPEROR-Preserved, the optimal positioning in patients with an
EF>40% is as an add-on to background therapy for the management of co-
morbidities and symptomatic relief (5).

e With broad prescribing of empagliflozin across primary and secondary care in
chronic HF regardless of EF, there is an opportunity to maximise outcomes for
these patients immediately; a key objective of the NHS Long Term Plan

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 (Section B.1.4).
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Based on the population studied in the pivotal phase Il study EMPEROR-Preserved,
the optimal positioning for empagliflozin in the NICE pathway is as an add-on to
background therapy for symptomatic relief and comorbidity management for chronic
HF (EF >40%) patients. Throughout this company submission, background therapy is
referred to as standard of care (SoC). As it will be the first approved treatment for this
population, offering it as an add-on will reduce CV death or HHF, decrease the rate of

renal function decline and improve quality of life (5).

Figure 4. Proposed positioning of empagliflozin in NICE treatment pathway for
chronic HF

Chronic Heart

Eailure Offer diuretics for congestive symptoms and fluid

retention

diagnosed by
specialist

Heart Failure Heart Failure
with (EF >40%) with (EF <40%)
Proposed positioning
f liflozi
v of empagliflozin '
Manage comorbidities such as Offer:
hypertension, atrial fibrillation, o . . AC.EI d beta-block:
— ic heart di and diabet _ Empagliflozin as an and eta-blocker .
in line with NICE guidance add-on to SoC : _anMRA f symptoms continue
8 Consider :
v + ARB if intolerant of ACEI
Offer a personalised exercise based * Hydralazine and nitrate if intolerant
cardiac rehabilitation programme of ACEl and ARB
unless condition is v

unstable Offer a personalised exercise based

cardiac rehabilitation programme
unless condition is
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Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blockers; EF, ejection fraction; MRA,
mineralocorticoid receptor antagonist; NICE, National Institute for Health and Care Excellence; SoC; standard of care.

The preferred positioning for empagliflozin (green box) is in diagnosed symptomatic patients with chronic HF.

Source: Adapted from NICE guideline NG106, 2018 (3)

Since there are currently no efficacious therapies approved for use in patients with
chronic HF across the broad spectrum of EF, the following drugs recommended for all

HF patients are considered relevant comparators for empagliflozin in this positioning:

e Diuretics — for relief of congestive symptoms and fluid retention
e ACEI/ARB

o Beta-blockers

e MRAs

e ARNI (sacubitril/valsartan)
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This is also consistent with the perspective of UK-based clinical advisers Bl have
consulted (39), and the results from a CPRD study, PULSE, which looked at the
prevalence, incidence, and expected outcomes for patients in the UK with HF (48).
Both reported that these treatments are frequently used to treat HF patients with an
EF>40%.

Table 9. Background treatments for HF in EMPEROR-Preserved vs PULSE (a
CPRD study)

Treatment Arm EMPEROR- PULSE (unknown PULSE (EF>40%)
Preserved group)
(ITT; Combined
Groups)
N 9718 (100.0) ] I
HF medication [(N), %]
ACEi/ARB 7305 (75.2) [ ]
Beta blocker 8700 (89.5) ] ]
Diuretic 8708 (89.6) ] ]
MRA 4905 (50.5) ] ]
Sacubitril/valsartan 861 (8.9) - -
lvabradine 331 (3.4) ] ]
Digoxin NR ] ]
Hydralazine/nitrate 282 (2.9) I ]

Footnote: a. The baseline characteristics are for the EF>40% and unknown groups at a 2019 prevalent cross section. The
unknown group included patients where the EF was not recorded.

Abbreviations: NR, not reported; ARB, angiotensin receptor blocker; ACEi; angiotensin converting enzyme inhibitors
Source: PULSE Study Report (48), CTR, Table 1.3.15

In a combined HF analysis stratified by EF, empagliflozin reduced the risk of CV death
or HHF, mainly by reducing HF hospitalisations in chronic HF patients (120). The
magnitude of the effect of empagliflozin on HF outcomes was similar in all HF patients
irrespective of EF (120). The EMPEROR-Preserved trial showed that empagliflozin
has the potential to provide additional efficacy in combination with any given
background therapy in patients with chronic HF (EF >40%) (Section B.2) (5, 121). The
composite primary outcome in EMPEROR-Preserved study showed that 13.8% of
patients receiving empagliflozin plus SoC versus 17.1% receiving SoC alone
experienced either a HHF or CV death event (HR 0.79; 95% CI, 0.69 to 0.90;
p=0.0003). 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 1.36 mL/min/1.73 m? per year versus placebo (95% ClI,
1.06 to 1.66; p<0.0001). The results from the adverse events (AE) and safety
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laboratory analyses in the EMPEROR-Preserved study were similar to the known
safety profile of empagliflozin and no new occurrences were identified. Empagliflozin
has an established safety profile and does not show any relevant drug-drug
interactions (5). Further benefits of empagliflozin are that it is a once-daily dose without
the need of any dose titration and thus, no additional clinical time is needed to optimise
a patient’s treatment (5); it does not have any effect on patient’s potassium levels and
blood pressure; and it does not need additional renal monitoring compared to the usual
therapy (5). Empagliflozin has demonstrated improvement in HF-related outcomes
across a broad range of chronic HF (EF >40%) populations including the presence or
absence of T2DM and/or CKD, and baseline health status as measured by KCCQ (5).
Empagliflozin has shown similar efficacy results among patients with chronic HF (EF
<40%) in EMPEROR-Reduced trial which has been summarised in a previous NICE
submission TA773 (1).

A NICE recommendation for empagliflozin in chronic HF across a broad range of EF
will have a positive impact on the existing pathway. The experience of GPs in
prescribing SGLT2i for T2DM and there being no requirement for dose adjustment
should facilitate initiation of empagliflozin in chronic HF patients within primary care
(122). Currently, the HF patients are treated based on their EF and diagnosed using
echocardiograms (20). It has been seen that echocardiograms can be unreliable and
thus, depending on the result can make some patients not be referred or receive the
guideline-directed treatment (39, 42). With empagliflozin, all patients diagnosed with
HF have the opportunity to receive an evidence-based targeted treatment, regardless
of EF. Additionally, prescribing empagliflozin does not require any additional
monitoring beyond usual care and what is expected for other drugs impacting renal
function (19).

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 on an average, at a 3.5
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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 of 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 to 1.21) and CV mortality
(HR, 1.18; 95% CI, 1.14 to 1.23) than the most affluent ones (114).

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

have been widening:

e The mean age at diagnosis increased by 2.45 years (95% CI, 1.58 to 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% CI, 0.6 to 2.6) for the most

deprived compared to a stable risk for the most affluent group (114).

The inequality in access to specialist care in the UK may be one of the drivers of the
observed trends in HF. England-based socio-economic studies have shown that 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, 123). 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 (3).

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 terms of access to HF care across socio-economic groups within the UK, given that
empagliflozin significantly improves CV and slows renal decline in chronic HF
(EF >40%) patients in an early, sustained manner and prevents HHF compared to
SoC (5). Empagliflozin significantly reduced worsening of an HF event (CV death, HHF
or an emergency or urgent HF visit requiring intravenous treatment) 18 days after
randomisation and maintained significance thereafter (124). It is the first treatment that

can simultaneously provide cardiac and renal benefits to chronic HF patients across
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broad range of EF with comorbid diabetes and/or severe renal impairment (eGFR 20
to 30 mL/min/1.73 m?), which are more likely to coexist in the most deprived patients
(10). Additionally, patients treated with empagliflozin do not show any relevant drug-
drug interactions, have a once-daily dose and do not need additional renal monitoring
compared to the usual therapy (5). 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 healthcare providers at a later stage of iliness (123). 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 COVID-19 pandemic has further reinforced this trend through significant
disruption in the provision of all types of cardiology services including outpatient and
community HF services (105). 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, 125). With a condition that has a 1-year
mortality of approximately 24% and being 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 (63).

In this company submission, equity of access to empagliflozin among chronic HF
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 HF 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

o Empagliflozin is efficacious in chronic HF patients across a broad spectrum of EF, (i.e.,
EF <40% and EF >40% in a combined HF trial analysis) stratified by EF (120).

e The results of the EMPEROR-Reduced trial are described in the previous NICE
submission TA773 corresponding to an appraisal of empagliflozin for treating chronic
HF patients with EF <40% (6).

e This company submission presents the clinical effectiveness of empagliflozin in the
EMPEROR-Preserved trial conducted among patients with EF >40%, which completes
the evidence package demonstrating the benefits of empagliflozin across a broad
spectrum of EF for chronic HF patients (5).

e The EMPEROR-Preserved trial was similar in study design to EMPEROR-Reduced as
an event-driven, double-blind RCT which enrolled 5,988 patients with moderate to
severe chronic HF (EF >40%, NYHA II-1V) randomly assigned to receive empagliflozin
(N=2,997) or placebo (N=2,991).

o After a median follow-up of 26.2 months, empagliflozin significantly reduced the risk of
death from CV causes or HHF compared to placebo (HR, 0.79; 95% CI, 0.69-0.90;
p=0.0003).

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

o It led to a significant reduction in the total number of adjudicated HHF (first and
recurrent) (HR, 0.73; 95.03% CI, 0.61 to 0.88; p=0.0009) vs placebo.

o The rate of the decline in eGFR was slower in empagliflozin group compared to
placebo group over the duration of the double-blind treatment period (between-
group difference, 1.36 mL/min/1.73 m? per year; 95% Cl, 1.06 to 1.66; p<0.0001).

e Empagliflozin was also superior to placebo in other secondary endpoints:

o It reduced risk of adjudicated HHF (first event) (HR, 0.71; 95% CI, 0.60 to 0.83;
nominal p<0.0001).

o Itled to improvement in the HRQoL score on KCCQ at 52 weeks (placebo-corrected
adjusted mean change from baseline 1.32; 95% ClI, 0.45 to 2.19; nominal p=0.0028).

e Empagliflozin appears to reduce the CV mortality (HR, 0.91; 95% CI, 0.76 to 1.09), all-
cause hospitalisation (HR, 0.93; 95% CI, 0.85 to 1.01) and composite renal endpoint
(HR, 0.95; 95% CI, 0.73 to 1.24); however, these results need to be interpreted with

caution as were not statistically significant.
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e The CV and renal benefits of empagliflozin were consistent across subgroups of chronic
HF patients (EF >40%) defined by demographics, baseline characteristics, and baseline
medications.

¢ In chronic HF patients (EF >40%) with diabetes, there was a greater mean reduction in
glycated haemoglobin (HbA1c) from baseline in the empagliflozin group than in the

placebo group.

e Empagliflozin improves CV and renal outcomes of chronic HF patients (EF >40%)

including those with an eGFR down to 20 mL/min/1.73 m?.

B.2.1 Identification and selection of relevant studies

A systematic literature review (SLR) was conducted to identify from the published
literature RCT evidence on the efficacy and safety of empagliflozin and relevant
comparators in patients with chronic HF (EF >40%, NYHA [I-1V). 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, 8 July 2021, 16 February 2022 and 07 July
2022. The search of electronic databases was supplemented with a desk search of

conference proceedings, last conducted on 7 July 2022.

The eligible studies encompassed all RCTs evaluating efficacy of pharmacological
interventions used in the treatment of adults (age =18 years) with chronic HF
(EF >40%). The search strategy was designed to be broad and to encompass all
interventions that are generally used for the management of chronic HF (eligibility
criteria are shown in Table 15 in Appendix D). All studies meeting the pre-specified
population, intervention, comparator, and outcomes (PICOS) eligibility criteria were

retained and were extracted.

The EMPEROR-Preserved trial compared empagliflozin with usual therapy, and is
therefore the primary source of clinical evidence in the economic model for the chronic
HF patient population with EF >40% (5). A combined HF analysis stratified by EF was
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also identified from the SLR as relevant to the decision problem for empagliflozin for
chronic HF with EF >40% and is therefore described in this submission (120). The
analysis provided by Butler et al. (2022) demonstrates important differences in
demographic characteristics across EF intervals, with older women more likely to
present with higher EF levels (120). The results further show consistency in benefits
of empagliflozin across a broad spectrum of EF, which is irrespective of demographic
characteristics (120). More details regarding this analysis are provided in Section
Error! Reference source not found. below. 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®)

Empagliflozin is being investigated in the EMPOWER clinical trial programme. The
most comprehensive development programme for an SGLT2i to date, EMPOWER, is
comprised of nine clinical trials and a RWE study that have been designed to evaluate
the impact of empagliflozin on CV and renal outcomes of patients across the spectrum
of CRM disorders (Table 10). Furthermore, the aim of the programme is to advance
the scientific understanding of the pathophysiology of cardio-renal interactions and

enable a holistic management of the interconnected CRM organ system.

Table 10. Overview of the studies comprising the EMPOWER clinical trial
programme for empagliflozin

Study name | Study Main Status Relevant for this appraisal & reason
identifier objective

Preserved (126) safety of in the decision problem
empagliflozin
in  prevention
of CV death
and HHF in
adults with
chronic HF
patients (EF
>40%) with or
without T2DM

EMPEROR- | NCT03057951 | Efficacy & | Completed | Yes, meets the PICO criteria as defined
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Study name

Study
identifier

Main
objective

Status

Relevant for this appraisal & reason

EMPEROR-
Reduced

NCT03057977
(127)

Efficacy &
safety of
empagliflozin
in prevention
of CV death
and HHF in
adults with
chronic HFrEF
with or without
T2DM

Completed

No; population is not relevant for the
decision problem

EMPERIAL-
Preserved

NCT03448406
(128)

Effect of
empagliflozin

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

Completed

No; primary outcome is not relevant for
the decision problem; QoL secondary
endpoint measured using PROs is not
recommended by the NICE reference
case (93)

EMPERIAL-
Reduced

NCT03448419
(129)

Effect of
empagliflozin

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

Completed

No; population is not relevant for the
decision problem

EMPA-REG
OUTCOME

NCT01131676
(130)

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 is not relevant for the
decision problem

EMPULSE

NCT04157751
(131)

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

Completed

No; population is not relevant for the
decision problem
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Study name

Study
identifier

Main
objective

Status

Relevant for this appraisal & reason

EMPA-
KIDNEY

NCT03594110
(132)

Effect of
empagliflozin
on progression
of kidney
disease and
the occurrence
of CV death in
patients  with
pre-existing
CKD

Ongoing

No; population is not relevant for the
decision problem

EMPA-
VISION

NCT03332212
(133)

Effects on
cardiac
physiology
and
metabolism in
patients  with
HF

Completed

No; the study outcomes are not relevant
for the decision problem

EMPACT-MI

NCT04509674
(134)

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

Ongoing

No; population is not relevant for the
decision problem

EMPRISE

NCT03363464
(135)

EUPAS20677
(136)

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 is not relevant for the
decision problem

Abbreviations: CKD, chronic kidney disease; CV, cardiovascular; DPP-4, dipeptidyl peptidase-4; HF, heart failure; HFrEF, heart
failure with reduced ejection fraction; HFpEF, heart failure with preserved ejection fraction; HHF, hospitalisation for heart failure;
MI, myocardial infarction; PICO, patient intervention comparator outcome; PROs, patient-reported outcomes; T2DM, type 2

diabetes mellitus.

Of the studies listed in Table 10, the EMPEROR-Preserved trial provides the main
evidence base for clinical efficacy and safety of empagliflozin in the population of HF
patients with EF >40%. In the trial, randomisation was stratified by EF (<50%), =250%)
and >66% of enrolled patients had EF 250% (5). It should be noted that the clinical
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effectiveness of empagliflozin for the treatment of patients with EF <40% as studied
by the EMPEROR-Reduced trial was appraised by NICE in appraisal TA773 (1, 6).

The EMPEROR-Preserved (NCT03057951) trial was an international phase Il trial
from the EMPOWER programme that investigated the effect of empagliflozin versus
placebo, in addition to usual therapy on the combined risk of CV death and HHF in
5,988 patients with chronic HF (EF >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 the Kansas City Cardiomyopathy
Questionnaire - clinical summary score (KCCQ-CSS) (126). The rationale for the
design of the EMPEROR trials; EMPEROR-Preserved and EMPEROR-Reduced, was
that the data from the EMPA-REG OUTCOME trial was not sufficient to demonstrate
efficacy of empagliflozin in patients with chronic HF, especially those at increased risk
of an outcome event. The EMPEROR-Preserved trial enrolled patients from eight 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 usual therapy for
chronic HF (EF >40%). The generalisability of the trial results to the NHS clinical
practice is discussed further in Sections B.2.7, B.2.13 and B.3.2. Its outcomes provide
the key clinical and quality of life inputs for the economic model of empagliflozin in
chronic HF (EF >40%). The design and methodology of the EMPEROR-Preserved trial
is similar to the EMPEROR-Reduced trial, and this is described in Section B.2.3.1.

B.2.1.2 Non-randomised clinical effectiveness studies

Evidence from PULSE, a large retrospective observational study of the burden of
chronic HF, in England, was used to characterise patients seen in the NHS clinical
practice and validate the long-term outcome predictions of the chronic HF (EF >40%)
cost-utility model for patients treated with the SoC against the real-world outcomes
(48). Patients with a diagnosis of HF recorded in the UK CPRD or Hospital Episode
Statistics (HES) database between 1 January 2015 and 31 December 2019 were
eligible for inclusion in the PULSE study (48). Based on the availability of evidence of
EF classification in CPRD records, the cohort was split into EF measure <40%, EF
measure >40% and “unknown ejection fraction” subpopulations. The study objectives
were to determine the incidence and prevalence of HF and those with EF >40% in
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England, estimate rates of HF- and those with EF >40%- related hospitalisation, CV
and all-cause mortality, and evaluate resource utilisation over the study period. One
of the limitations of using the PULSE study data was that the majority of patients were
not coded as per EF subtype at or prior to their HF index date (48). Therefore, other
non-randomised clinical effectiveness studies were explored; however, RWE for the
population with HF and EF >40% are limited. A study by Oo et al. (2021) was
considered and the authors conducted a single-centre study to determine clinical
characteristics and outcomes of patients defined as preserved EF according to recent
guidelines and outcome trials (137). Another study by Uijl et al. (2021) was considered
which included patients with EF 250% and clustered them according to their clinical
characteristics (138). However, these two studies (Oo et al. [2021] and Uijl et al.
[2021]) were not considered relevant for this decision problem to appropriately support
the evidence package because of missing data and lack of transparency with
endpoints (137, 138). Due to lack of available published evidence, and the
inappropriateness of the alternative studies considered, the outcomes of the PULSE
study are therefore considered the best available evidence to support this decision
problem (Section B.3.2) (48).

B.2.2 List of relevant clinical effectiveness evidence

The clinical evidence on empagliflozin as an addition to SoC (usual therapy i.e.,
treatments used to treat CV comorbidities) in the treatment of chronic HF (EF >40%)
consists of one phase Il trial, EMPEROR-Preserved (Table 11). This pivotal trial was
the main source of clinical efficacy evidence in the cost-utility model described in
Section B.3.

Table 11. Clinical effectiveness evidence: EMPEROR-Preserved trial

Study EMPEROR-Preserved (NCT03057951) (126)

Primary sources Anker et al 2021 (5)

Additional EMPEROR-Preserved CSR (139)
sources

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

Study design assignment
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Study

EMPEROR-Preserved (NCT03057951) (126)

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 EF >40% who have been
diagnosed at least 3 months before screening, with or without DM

e N=5,988
e Age 218 years

e Baseline natriuretic peptide levels >300 pg/mL for patients without atrial
fibrillation or atrial flutter (AF); >900 pg/mL for patients with AF at
screening (see Section B.2.3.1.2)

o Oral diuretics, if prescribed to patient according to local guidelines and
discretion of the investigator, should have been stable for at least 1 week
prior to (randomisation)

Intervention(s)

Empagliflozin PO 10 mg once daily in addition to SoC (usual therapy i.e.,
treatments used to treat CV comorbidities)

Comparator(s)

Placebo plus SoC

Does trial support
application for
marketing
authorisation?

Yes

Is trial used in the
economic model?

Yes

Reported
outcomes
specified in the
decision problem

The outcomes relevant for the decision problem include:

e Time to first event of adjudicated CV death or adjudicated HHF
e Occurrence of adjudicated HHF (first and recurrent)

e Decline in renal function

e Time to first occurrence of chronic dialysis, renal transplant or sustained
reduction of eGFR

e Time to first adjudicated HHF

e Time to adjudicated CV death

e Time to all-cause mortality

e Occurrence of all-cause hospitalisation

e Adverse effects of treatment

¢ PRO measured by KCCQ

e Health-related quality of life measured by EQ-5D-5L

All other reported
outcomes

e Other clinical outcome events

o 3-point MACE (adjudicated CV death, adjudicated non-fatal Ml, or
adjudicated non-fatal stroke)

o Adjudicated MI (fatal or non-fatal)
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Study EMPEROR-Preserved (NCT03057951) (126)
o Composite of adjudicated CV death or adjudicated non-fatal Ml

o Adjudicated stroke (fatal or non-fatal)
o Composite of adjudicated CV death or adjudicated non-fatal stroke
o Adjudicated TIA
o Time to new onset of atrial fibrillation

e NYHA class change from baseline

e Body weight change from baseline

e Blood pressure change from baseline

e Pulse rate change from baseline

e NT-proBNP change from baseline

e eGFR change from baseline

e Albuminuria

e Health economic analysis by HCRU

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin |l receptor blocker; CSR, clinical study report;
CV, cardiovascular; DM, diabetes mellitus; EF, ejection fraction; EQ-5D, EuroQol five dimensions questionnaire; HbA1c, glycated
haemoglobin; HCRU, Health care resource utilisation; HF, heart failure; HHF, hospitalisation for heart failure; eGFR, estimated
glomerular filtration rate; KCCQ, Kansas City Cardiomyopathy Questionnaire; EF, left ventricular ejection fraction; MACE, Major
adverse cardiovascular events; Ml, myocardial infarction; NT-proBNP, N-terminal pro-brain natriuretic peptide; NYHA, New York
Heart Association classification; PO, per os; PRO, patient-reported outcome; SoC, standard of care; TIA, transient ischaemic
attack.

B.2.3 Summary of methodology of the relevant clinical

effectiveness evidence

B.2.3.1 Summary of methodology of the EMPEROR-Preserved trial
(NCT03057951)

EMPEROR-Preserved 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 chronic HF (EF >40%) (5). 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 (usual therapy i.e.,
treatments used to treat CV comorbidities which could include treatment with a low
to medium dose of loop diuretic, ACEI, ARB, mineralocorticoid receptor antagonist,
beta-blocker and/or sacubitril/valsartan), or

e Placebo PO once daily in addition to the SoC.
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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. The EMPEROR-Preserved trial design is illustrated in Figure 5
(121).

Figure 5. Design of EMPEROR-Preserved trial

Empagliflozin 10 mg daily

|

I
5 1
= 1
Screening period | § Added to all appropriate I Post-treatment period
E therapy for heart failure : ___________
5] . "
ofupto 28 days | B and co-morbid conditions I of 30 days
E 1
i 1
_ ]
Placebo '
; End of treatment
assessment
€ m e e e, e » Primary endpoint:

Median follow-up = 24 months Cardiovascular death
or hospitalization for

heart failure
Source: Adapted from Anker et al, 2019 (121).
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),

e eGFR (by the Chronic Kidney Disease - Epidemiology Collaboration Equation
[CKD-EPI] equation) at screening <60 or 260 mL/min/1.73 m?, and

e EF (<50%, 250%).

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-Preserved 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 CRM
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therapy. The trial also evaluated the effects of empagliflozin on recurrent HHF, renal

function, CV death, all-cause mortality, and quality of life.

EMPEROR-Preserved 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-Preserved was appropriately designed to determine if
the addition of empagliflozin can improve outcomes of chronic HF (EF >40%) since
the current treatment options show limited benefit for patients with chronic HF and a
preserved EF. Aspects of the trial methodology are described in more detail below in
accordance with the Consolidated Standards of Reporting Trials (CONSORT)
statement (140).

As mentioned earlier, the trial design of EMPEROR-Preserved was similar to that of
EMPEROR-Reduced, i.e., both were phase Il international, multicentre, randomised,
double-blind, parallel-group, placebo-controlled trials, but the EMPEROR-Reduced
trial enrolled patients with a baseline EF <40%, and the EMPEROR-Preserved trial
enrolled those who had EF >40% (4). The EMPEROR-Reduced trial design has been
described in the NICE appraisal TA773 (1).

B.2.3.1.1 Changes to trial design

The description of the EMPEROR-Preserved methodology outlined in this submission
is based on the revised study protocol number c03946327-04 which was issued on 20

November 2019 and incorporates Global Amendment 03.

B.2.3.1.2 Eligibility criteria for study participants

The intent of the EMPEROR-Preserved trial was to recruit chronic HF (EF >40%)
patients on various HF background therapies to evaluate the long-term effect of
empagliflozin on CV death and HHF in a -real life clinical setting. The trial, therefore,
included adult patients with chronic HF with EF >40% diagnosed at least 3 months
before screening and in the functional NYHA class IlI-IV. Details of inclusion and

exclusion criteria are presented in Table 12.
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Table 12. Inclusion and exclusion criteria of the EMPEROR-Preserved trial
e Males and females aged 218 years; for Japan only: age 220 years

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

e Chronic HF with preserved EF defined as EF >40% per local reading

¢ In addition to EF >40%, patient must have NT-proBNP >300 pg/mL for patients
without AF, or >900 pg/mL for patients with AF (analysed at the Central
Laboratory at screening)

e Patients with either documented structural heart disease (left atrial
enlargement and/or left ventricular hypertrophy) within 6 months or HHF
documented within 12 months prior to screening

e Oral diuretics, if prescribed to patients according to local guidelines and
discretion of the investigator, must be stable for at least one week prior to
randomisation

e BMI <45 kg/m? at screening

Exclusion e Mpyocardial infarction (increase in cardiac enzymes in combination with
criteria symptoms of ischaemia or new ischaemic ECG changes), CABG or other major

CV surgery, stroke or transient ischaemic attack in past 90 days
e Heart transplant recipient or listed for heart transplant

e 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

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

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

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

e SBP 2180 mmHg at randomisation. If SBP is 151-179 mmHg, the patient
should be receiving 23 anti-hypertensive drugs

e Symptomatic hypotension and/or a SBP <100mmHg at screening or at
randomisation

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

¢ Indication of liver disease, defined by serum levels of either ALT (SGPT), AST
(SGOT), or alkaline phosphatase above 3x ULN as determined at
randomisation

e Impaired renal function, defined as eGFR <20 mL/min/1.73 m2 (CKD-EPI) or
requiring dialysis at the time of screening

e Haemoglobin <9 g/dL at screening
e History of ketoacidosis

e  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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e Gl surgery or Gl disorder that could interfere with medication absorption

e 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

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

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

e 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

e Known allergy or hypersensitivity to any SGLT2i

e 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

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

e 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 or atrial flutter; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; 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; EF, left ventricular ejection fraction; NYHA,
New York Heart Association classification; NT-proBNP, N-terminal prohormone B-type natriuretic peptide; PD, pulmonary
disease; SGLT, sodium-glucose co-transporter; SGLT2i, sodium-glucose co-transporter 2 inhibitor; SGOT, serum glutamic-
oxaloacetic transaminase; SGPT, serum glutamic-pyruvic transaminase; ULN, upper limit of normal.

B.2.3.1.3 Study locations

Patient enrolment (N=5,988) started on 27 March 2017 in university hospitals,
specialist CV clinics and clinical research centres across 622 locations in 23 countries
(Poland, Czech Republic, Hungary, Germany, the Netherlands, Italy, Romania, Spain,
Belgium, UK, Brazil, Argentina, Colombia, Mexico, US, Canada, Japan, China, Korea,
Singapore, South Africa, Australia and India). From the UK, 53 patients were enrolled
of which 25 patients were randomised and treated. The study completion date was 26
April 2021.
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B.2.3.1.4 Trial drugs and concomitant medications

Study interventions are summarised in Table 13. The use of medication for the
treatment of HF was at the discretion of the investigator and was to be in accordance
with local and international guidelines. Disallowed concomitant medications included
any SGLT2i or combined SGLT1 and 2 inhibitors, except the blinded trial medication.

Table 13. EMPEROR-Preserved trial drugs

Drug Dose Frequency of | Route of | Duration
administration administration

Empagliflozin, film 10m Until the necessary
coated tablet 9 number of events
were observed to

Placebo matching Once daily Oral evaluate efficacy for
empagliflozin, film | _ the primary
coated tablet composite endpoint

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

Preserved

The endpoints relevant for the decision problem are summarised in Table 14. The

definitions of adjudicated CV endpoints are summarised in Table 15.

Table 14. Pre-specified primary and secondary outcomes

Primary endpoint Definition NICE scope/
economic model?

Combined risk of CV | A composite of adjudicated CV death or | Per NICE scope, not

death or HHF HHF, analysed as the time to the first event | included in the economic
model as a composite
outcome

Key secondary | Definition NICE scope/economic

endpoints model?

Total HHF (first and | Occurrence of adjudicated HHF (first and | Per NICE scope, included
recurrent) recurrent) in the economic model

Rate of renal function | eGFR (CKD-EPI)cr slope of change from | Per NICE scope, not

decline baseline included in the economic
model

Other secondary | Definition NICE scope/economic

endpoints model?

Risk of composite | Time to first event in the composite renal | Per NICE scope, included
renal endpoint | endpoint: occurrence of chronic dialysis? or | in the economic model
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(chronic dialysis,
renal transplant or
renal insufficiency)

renal transplant or sustained® reduction in
eGFR (CKD-EPI)cre

Risk of first HHF

Time to first adjudicated HHF

Per NICE scope, not
included in the economic
model

hospitalisation

and recurrent)

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 | [ime to onset of DM defined as HbA1c | Not in scope, not included
mellitus 26.5% or as diagnosed by the Investigator in | iy the economic analysis
patients with pre-DM (defined as no history
of DM and no HbA1c 26.5% before
treatment, and a pre-treatment HbA1c value
of 25.7% and <6.5%)
Change in KCCQ | Change from baseline in the KCCQ clinical | Per NICE scope, included
clinical summary | summary score (HF symptoms and physical | in the economic model
score limitations domains) at week 52
Risk of all-cause | Occurrence of all-cause hospitalisation (first | Per NICE scope, not

included in the economic
model

Further endpoints

Definition

NICE
model?

scope/economic

Risk of
fibrillation

atrial

New onset of atrial fibrillation

Not in scope, not 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.
2Chronic dialysis was defined as dialysis with a frequency of twice per week or more for at least 90 days
bSustained 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-EPl)cr was defined as reduction in eGFR from baseline of 240%, eGFR <15 mL/min/1.73 m? for
patients with baseline eGFR 230 mL/min/1.73 m?, or eGFR <10 mL/min/1.73 m? for patients with baseline eGFR

<30 mL/min/1.73 m?
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Table 15. Definitions of adjudicated endpoints

Endpoint Definition?

HHF HHF endpoint must meet the following criteria:
e Adjudicated primary diagnosis is admission to hospital for HF

e 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:

o Dyspnoea (dyspnoea with exertion, dyspnoea at rest, orthopnoea, paroxysmal
nocturnal dyspnoea)

o Decreased exercise tolerance
o Fatigue

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

e 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:

o 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
- S3 gallop
- 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/L2

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

o Augmentation in oral diuretic therapy
o IV diuretic or vasoactive agent (e.g., inotrope, vasopressor, or vasodilator)

o 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)
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Endpoint Definition?

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 ischaemia

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

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 witnessed and occurring without new or worsening symptoms

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

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

o Unwitnessed death in a subject seen alive and clinically stable < 72 hours prior
to being found dead without any evidence supporting a specific non-CV 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.
2All CV endpoint definitions were modifications of the guideline recommendations by Hicks et al 2014 (141).

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 16). About a third of
patients were in each of the pre-defined EF categories (EF <50%, 50 to <60%, and
260%). An eGFR of <60 mL per minute per 1.73 m?, a history of AF or flutter and
T2DM were reported for around 50% of the patients. Majority of patients were in HF
NYHA class Il (81.5%) while a third of patients had HF diagnosis for at least 5 years

before the trial.

Table 16. Demographic and baseline characteristics of randomised participants
in EMPEROR-Preserved trial

Baseline characteristic? Empagliflozin 10 mg Placebo
Number of subjects 2,997 2,991
Age (years), mean (SD) 71.8(9.3) 71.9 (9.6)
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Baseline characteristic® Empagliflozin 10 mg Placebo
Female sex, N (%) 1,338 (44.6) 1,338 (44.7)
Race, N (%)°

White 2,286 (76.3) 2,256 (75.4)
Black 133 (4.4) 125 (4.2)
Asian 413 (13.8) 411 (13.7)
Other including mixed race 164 (5.5) 198 (6.6)
Region, N (%)

North America 360 (12.0) 359 (12.0)
Latin America 758 (25.3) 757 (25.3)
Europe 1,346 (44.9) 1,343 (44.9)
Asia 343 (11.4) 343 (11.5)
Other 190 (6.3) 189 (6.3)
NYHA functional class, N (%)

I 3(0.1) 1(<0.1)

] 2,432 (81.1) 2,451 (81.9)
]! 552 (18.4) 531 (17.8)
v 10 (0.3) 8 (0.3)
Body mass index°® (kg/m?), mean 29.8+/-5.8 29.9+/-5.9
Heart rate (beats/min), mean 70.4+/-12.0 70.3+/-11.8
SBP (mm Hg), mean 131.8+/-15.6 131.94/-15.7
DBP (mm Hg), mean +/- +/-

Left ventricular ejection fraction (EF)

Mean 54.3+/-8.8 54.3+/-8.8
Value of >50%, N (%) 995 (33.2) 988 (33.0)
Value of 50% to >60, N (%) 1,028 (34.3) 1,030 (34.4)
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Baseline characteristic?

Empagliflozin 10 mg

Placebo

Value of 260%, N (%)

974 (32.5)

973 (32.5)

NT-proBNP (pg/mL)

Median (IQR)

994 (501-1740)

946 (498-1725)

Time since diagnosis of HF (years)

Mean 4.5+/-5.2 4.3+/-5.0
<1 year, N (%) 730 (24.4) 782 (26.1)
>1 to 5 years, N (%) 1,368 (45.6) 1,325 (44.3)
>5 to 10 years, N (%) 550 (18.4) 553 (18.5)
>10 years, N (%) 349 (11.6) 331 (11.1)
Cause of HF, N (%)
Ischaemic 1,079 (36.0) 1,038 (34.7)
Nonischaemic 1,917 (63.9) 1,953 (65.3)
CV history, N (%)
Hospitalisation for HF in <12 699 (23.3) 670 (22.4)
months
Atrial fibrillation 1,543 (51.5) 1,514 (50.6)
Hypertension 2,721 (90.8) 2,703 (90.4)
Estimated glomerular filtration rate
Mean

60.6+/-19.8 60.6+/-19.9
(mL/min/1.73 m?)
Value of <60 mL/min/1.73 m?,

[ N B N )
No (%)
UACR (mg/mL)
Normal (<30), N (%) N ) N
Microalbuminuria (30 to <300), N
o ‘ LN o I
Macroalbuminuria (>300), N (%) H & B
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Baseline characteristic® Empagliflozin 10 mg Placebo
HF medication, N (%)

ACEVARB/ARNI NN N
ARNI LK) LK)
Beta-blocker N )
Diuretics N )
Lipid-lowering drugs N )
Anti-thrombotic drugs -_(-) -_(-)
Diabetes status

Without diabetes, N (%) ) )
Without diabetes or pre-diabetes, -_(-_) -_(-_)
N (%)

With pre-diabetes, N (%) N )
With diabetes, N (%) 1,466 (48.9) 1,472 (49.2)
T2DM. N (%) N ) )
T1DM. N (%) N ) N

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-
neprilysin inhibitor; 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.

Notes: Patients with information missing are not shown.

2Plus-minus values are means + SD. Percentages may not total 100 because of rounding.

PRace was reported by the patients. Those who identified with more than one race or with no race were classified as “other”.
‘The body mass index is the weight in kilograms divided by the square of the height in metres.

Source: EMPEROR-Preserved CSR Table 10.4.1: 1, 10.4.2: 1, 10.4.3: 1; Table 10.4.4.1 (139).

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-Preserved trial are described in Table 17. The method of statistical
analysis were similar to the EMPEROR-reduced trial, which has been assessed in the
TA773 appraisal (1).
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B.2.4.1 Statistical methods and analysis sets

Table 17. Summary of statistical analysis in the EMPEROR-Preserved RCT

Study name

(number) EMPEROR-Preserved (NCT03057951)

Research There is no difference between the efficacy of empagliflozin and efficacy of
hypothesis placebo in reducing the combined risk of CV death and HHF.

Analysis sets

¢ Randomised set (RS): All randomised patients, whether treated or not
o OC-AD: Observed case including data after treatment discontinuation

o OC-OT: Observed case on-treatment

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

o Treated Set-Follow-up (TS-FU): All patients in the TS who performed the
follow-up visit. Patients who took open-label SGLT-2 inhibitor between their
end of treatment and follow-up visit were excluded from TS-FU.

¢ Pharmacokinetic set (PKS): All patients in the TS who provided at least one
observation for any empagliflozin PK parameter.

Statistical
analysis
primary
endpoint

for

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

e 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 0.0497.

The primary analysis was a Cox PH regression with factors treatment,
geographical region, diabetes status at baseline, age, gender, EF, 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 (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

e 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
evaluation was assigned an alpha level of 0.0497. The joint model provided
two distinct HRs:

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

o HRcvp, the HR for CV death.
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Stud name
(num){aer) EMPEROR-Preserved (NCT03057951)

e Slope in change from baseline of eGFR (CKD-EPI)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 covariates. The model included all on-treatment change
from baseline. This endpoint was tested with a two-sided a of 0.001.

Statistical o Time to event endpoints: as analysis of primary endpoint

analysis of | * Recurrent event endpoints: as analysis of the first key secondary endpoint
exploratory e Continuous endpoints: mixed model repeated measure (MMRM) analysis
endpoints

Categorial endpoints: descriptive

Sample size &
power
calculation

Sample size calculation was based on the number of events needed to achieve
power of 90% for a two-sided test with a=0.05 and HR 0.80. Achieving that
treatment effect size required 841 primary endpoint events. Assuming a 10%
event rate per year in the placebo arm, a recruitment period of 18 months and a
follow-up period of 20 months, 4,126 patients needed to be randomised to receive
empagliflozin or placebo in 1:1 manner.

Data
management,
patient
withdrawals

Handling of drop-outs or missing data:

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

o There was no imputation of data for safety analyses or for time to event
endpoints.

o 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.

o 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
o 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

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; HF, heart failure; HHF, hospitalisation for 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; EF, 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.

Source: Anker et al 2021 (5); EMPEROR-Preserved CSR (139).
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B.2.4.2 Participant flow in the relevant randomised controlled trials
Participant flow in EMPREROR-Preserved is shown in Figure 6.

Figure 6. CONSORT diagram of patient flow in each stage of EMPEROR-
Preserved RCT

11583 patients screened for eligibility
Not randomized
Not eligible (5339)
»  Withdrawal of consent (181)
Adverse event [33)

2997 assigned
to empagliflozin

1 patient did not start treatment

Drug discontinued
Nonfatal adverse event (326)
Request by patient (284)
Other (85)

Missing (1)

Incomplete follow-up for
primary end point in 84

yvere ranaomized

Lost to follow-up [13)
Other reasons (27)

Consent withdrawn (27)
Site closure (8]
Limited follow-up agreed* (25)

'

2991 assigned
to placebo

2 patient did not start treatment

|
Drug discontinued
Nonfatal adverse event (309)
Request by patient (304)
Other (80)
Missing (6)

v
Incomplete follow-up for
primary end point in 88

Lost to follow-up (24)

Missing (2)

Median follow-up
26.2 months

Final vital status
known in 99.4%
(all but 36 patients)

Consent withdrawn (25)
Site closure {15)

Limited follow-up agreed® (33)

Lost to follow-up (15)

Notes: 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 36
patients with unknown vital status at the end of the trial included 17 on empagliflozin and 19 on placebo. Five 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. Asterisk denotes patients who discontinued study medication before the trial end but agreed to collection of
vital status data at trial completion.

Source: Anker et al 2021 (5).

B.2.5 Critical appraisal of the relevant clinical effectiveness

evidence

A summary of the quality assessment of the EMPEROR-Preserved, a parallel-group
RCT, is shown in Table 18. The complete quality assessment is provided in Appendix
D. The quality appraisal was similar to the EMPEROR-reduced trial, which has been
assessed in the TA773 appraisal (1).

Company evidence submission template for empagliflozin for treating chronic heart failure with
left ventricular ejection fraction >40% [ID3945]

© Boehringer Ingelheim (2022). All rights reserved Page 67 of 180



Table 18. Results of the quality assessment of EMPEROR-Preserved trial

Quality assessment questions

EMPEROR-Preserved
(NCT03057951)

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. Independent external
clinical event committees 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.

B.2.6 Clinical effectiveness results of the relevant trial: EMPEROR-

Preserved

As described in sections that follow, the null hypotheses for the primary and the two

key secondary endpoints of the EMPEROR-Preserved 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

chronic HF (EF >40%). Empagliflozin treatment demonstrated a clinically meaningful

and statistically significant reduction in the risk of CV death or HHF (primary endpoint),

compared with placebo. The benefit was consistent across pre-specified EF

Company evidence submission template for empagliflozin for treating chronic heart failure with
left ventricular ejection fraction >40% [ID3945]

© Boehringer Ingelheim (2022). All rights reserved

Page 68 of 180




subgroups and irrespective of diabetes status at baseline. In comparison to placebo,
addition of empagliflozin to SoC is also associated with a slower decline of renal
function as assessed by eGFR slope of change (5). It should be noted that the primary
and secondary outcomes (except time to composite renal outcome) of the EMPEROR-
Preserved trial were similar to EMPEROR-Reduced trial which has been assessed in
the NICE appraisal TA773 (1).

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. The results of a combined HF
analysis stratified by EF will also be described in Section Error! Reference source
not found.. 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 CV death or HHF

The primary composite outcome of CV death or HHF occurred in a lower proportion of
patients in the empagliflozin group (415 of 2,997 patients, 13.8% ) than in the placebo
group (511 of 2,991 patients, 17.1%). 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
EF, revealed that the risk of CV death or HHF was significantly reduced with
empagliflozin compared with placebo (HR, 0.79; 95% ClI, 0.69 to 0.90).
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Figure 7. Primary outcome, a composite of CV death or HHF
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Abbreviation: Cl, confidence interval; CV, cardiovascular; HHF, hospitalisation for heart failure

The estimated cumulative incidence of the primary outcome in the two groups is shown. The inset shows the same data on an
expanded y axis.

Source: Figure 1, Anker et al 2021 (5).

During a median trial period of 26 months, the number of patients treated with
empagliflozin needed to prevent one primary outcome event was 31 (95% CI, 20 to
69).

Several sensitivity analyses of the primary endpoint were performed to consider
competing risks and to account for missing follow-up data in 172 patients who
discontinued trial prematurely. The results of sensitivity analysis were generally

consistent with the results of the primary analysis, with similar HRs (Table 19).
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Table 19. 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

Results unadjusted for covariates, RS

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

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

2lmputations were performed for 172 patients with incomplete data (84 empagliflozin, 88 placebo). 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 (142).
bFine and Gray, 1999 (143).

Source: EMPEROR-Preserved CSR, Figure 11.1.1.2: 1 (139).

B.2.6.2 Secondary outcomes
B.2.6.2.1 Total HHF (first and recurrent)

The total number of HHF event was lower in the empagliflozin group than in the
placebo group with 407 events and 541 events, respectively. The mean cumulative
incidence of HHF in the empagliflozin and placebo groups started to diverge shortly

after randomisation and continued to segregate further over the course of the trial (
Source: Table S4, Anker et al 2021 (5).

)- 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, 0.73; 95% CI, 0.61 to 0.88, p=0.0009). 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).
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Figure 8. Key secondary outcome: Total number of HHF (first and recurrent)
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Abbreviations: Cl, confidence interval; HHF, hospitalisation for heart failure.
Source: Figure 3, Anker et al 2021 (5).

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 20).

Table 20. Sensitivity analyses for the key secondary endpoint: total HHF

Sensitivity analyses Hazard ratio (95% confidence interval)

Joint frailty model considering CV death as

competing risk (primary analysis model) 0.73(0.61-0.88)

Parametric joint gamma frailty model considering
CV death as competing risk

Joint frailty model considering all-cause mortality
as competing risk

0.73 (0.61-0.88)

0.75 (0.62-0.90)

Negative binomial model? 0.73 (0.60-0.89)
Ne_gatlve binomial model without covariate 0.74 (0.61-0.90)
adjustment?

Cox regression for time to first adjudicated HHF | 0.71 (0.60-0.83)

Abbreviations: CV, cardiovascular; HHF, hospitalisation for heart failure; RS, randomised set; TS, treated set.
2Rate ratio is shown

Joint frailty model by Rogers et al. (2016) (144).

Source: Table S4, Anker et al 2021 (5).

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 glomerular
filtration rate (GFR) was based on (CKD-EPI)cr (145).
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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 -1.25 + 0.11 mL/min/1.73 m? per year.
In the placebo group, eGFR declined more steeply over the duration of the treatment
period, with an estimated slope of -2.62 + 0.11 mL/min/1.73 m? per year. The
estimated between-group difference in mean slope was 1.36 mL/min/1.73 m? per year
(95% ClI, 1.06 to 1.66; p<0.0001) (

Figure 9). In the RS, the adjusted mean eGFR change from baseline to follow-up was

2.4 (95% Cl, 1.6 to 3.2) mL/min/1.73m? per year 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
0+

Empagliflozin

-8

Between-group difference in slope:
1.36 mL/min/1.73 m? per yr

Adjusted Mean Change from Baseline
in eGFR (mL/min/1.73 m?)
&
1

_10_
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Eiasalng Weeks since Randomization
No. with Data at Visit
Placebo 2911 2887 2759 2488 2333 1996 1443 1014 637 209
Empagliflozin 2925 28932785 2521 2343 1970 1431 1039 620 212

Abbreviations: eGFR, estimated glomerular filtration rate; EF, left ventricular ejection fraction; MMRM, mixed model for repeated
measures; TS, treated set.

Notes: 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 MMRM.
Age, baseline eGFR and EF were included as linear covariates, while sex, region, 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.

Source: Figure S4, Anker et al 2021 (5).

Thus, when measurements of renal function were compared at the start and after the
discontinuation of empagliflozin and placebo, the e GFR 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
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functional change in intrarenal haemodynamics commonly observed with SGLTZ2i and
is not associated with an excess risk of investigator-reported acute kidney injury (146,
147).

B.2.6.2.3 Time to composite renal outcome

The composite renal endpoint occurred in 108 patients (3.6%) in the empagliflozin
group and 112 patients (3.7%) in the placebo group, with the sustained reduction in
eGFR from baseline of 240% being the first recorded renal event in most patients
(Table 21). The risk of the composite renal endpoint was similar between the
empagliflozin and the placebo treatment group (HR, 0.95; 95% CI, 0.73 to 1.24;
nominal p=0.7243). The estimated cumulative incidence function for the time to the
first event of the composite renal endpoint (considering all-cause mortality as a

competing risk) is shown in Figure 10.

Table 21. Cox regression analysis of time to first renal event? in all randomised
patients

Time to composite renal outcome® Empagliflozin (N=2,997) | Placebo (N=2,991)

Patients with the composite renal

endpoint, N (%) 108 (3.6)

Only sustained eGFR reduction 240% as

the first event 95 (3.2)

Chronic dialysis 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

Incidence rate per 100 years at risk

Hazard ratio vs. placebo (95% CI),
composite renal outcome

Nominal p-value

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

2Cox regression model included covariates age, baseline eGFR (CKD-EPI)cr, region, baseline diabetes status, sex, baseline EF,
and treatment.

®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/1.73 m? for patients
with baseline eGFR 230 mL/min/1.73 m?, or sustained eGFR <10 mL/min/1.73 m? for patients with baseline eGFR
<30 mL/min/1.73 m2 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).

Source: EMPEROR-Preserved CSR, Table 11.1.2.6: 1 (139).
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Figure 10. Estimated cumulative incidence function for time to the first event of
the composite renal endpoint in all randomised patients

Source: EMPEROR-Preserved CSR, Figure 11.1.2.6.1: 1 (139).

B.2.6.2.4 Time to first adjudicated HHF

Over the duration of the trial, fewer patients experienced the event of first adjudicated
HHF in the empagliflozin group (259 of 2,997, 8.6%) compared to placebo group (352
of 2,991, 11.8%). 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, 0.71; 95% Cl,
0.60 to 0.83; nominal p<0.0001), as determined by the Cox regression model adjusted
for age, baseline eGFR (CKD-EPl)cr, region, baseline diabetes status, gender,

baseline EF, and treatment.

Company evidence submission template for empagliflozin for treating chronic heart failure with
left ventricular ejection fraction >40% [ID3945]

© Boehringer Ingelheim (2022). All rights reserved Page 75 of 180



Figure 11. Time to the first adjudicated HHF
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Source: Figure S3, Anker et al 2021 (5).

B.2.6.2.5 All-cause mortality
The Kaplan-Meier estimate of time to all-cause mortality in the RS is shown in

Figure 12. Death from any cause occurred in 422 patients (14.1%) in the empagliflozin
group and 427 patients (14.3%) 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 of equivalence (HR, 1.00; 95% CI, 0.87 to 1.15) and the difference did not

reach statistical significance (p=0.9893).
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Figure 12. Kaplan-Meier estimate of time to all-cause mortality in all randomised
patients
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Source: Figure S5, Anker et al 2021 (5).

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. Adjudicated CV death occurred in 219 patients (7.3%) in the
empagliflozin group and 244 patients (8.2%) in the placebo group. The risk of CV death
was 0.9% lower with empagliflozin relative to placebo (HR, 0.91; 95% CI, 0.76 to 1.09),
a difference that did not reach statistical significance (p=0.30). The cumulative
incidence of adjudicated CV death in randomised patients, considering non-CV death

as a competing risk, is shown in Figure 13.
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Figure 13. Cardiovascular death
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Abbreviation: Cl, confidence interval; HR, hazard ratio.
Source: Figure S3, Anker et al 2021 (5).

B.2.6.2.7 Time to onset of diabetes mellitus (DM) in patients with pre-DM

The onset of diabetes mellitus (DM) in patients with pre-DM occurred in 120 of 1,001
patients in the empagliflozin group (12.0%) and 137 of 979 patients (14.0%) in the
placebo group. The observed reduction in risk of onset of DM with empagliflozin
compared to placebo (HR, 0.84; 95% CI, 0.65 to 1.07) was not statistically significant
(nominal p=0.15). 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 3 months, and was maintained 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 randomised set

Source: EMPEROR-Preserved CSR, Figure 11.1.2.8.1: 1 (139).
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B.2.6.2.8 First and recurrent all-cause hospitalisation

All-cause hospitalisation occurred in 42.4% (1,271 of 2,997) of patients in the
empagliflozin group and 44.8% (1,340 of 2,991) in the placebo group. The total
number of hospitalisation events was lower in the empagliflozin group (2,566) than in
the placebo group (2,769). 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 (HR, 0.93; 95% CI, 0.85 to
1.01; nominal p=0.10). The mean cumulative incidence curves of all-cause
hospitalisation in empagliflozin and placebo groups diverged at about 90 days after
randomisation and maintained their separation throughout the study (Figure 15). Cox
regression showed 2.33% reduction in risk of first all-cause hospitalisation with
empagliflozin compared to placebo (HR, 0.92; 95% CI, 0.85 to 0.99; p=0.03).

Figure 15. Mean cumulative function for occurrence of all-cause hospitalisation
(first and recurrent) in the randomised set

Source: EMPEROR-Preserved CSR, Figure 11.1.2.5.1: 1 (139).
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B.2.6.2.9

Further secondary clinical endpoints

Results of further exploratory secondary endpoints from EMPEROR-Preserved trial,

including measurement of health status by KCCQ, are presented in Table 22.

Table 22. Summary of further exploratory secondary endpoints from EMPEROR-

Preserved study

Endpoint

Empagliflozin (N=2,997)

Placebo (N=2,991)

Time to adjudicated Ml (fatal or non-fatal), RS

Patients with MI, N (%)

Incidence rate per 100 years at
risk

HR vs placebo (95% CI)

Nominal p-value

Time to adjudicated stroke (fatal or non-fatal), RS

Patients with stroke, N (%)

Ischaemic

Haemorrhagic

Unclassified

Incidence rate per 100 years at
risk

HR vs placebo (95% ClI)

Nominal p-value

Patients with fatal stroke

Time to new onset of Afib, as ECG finding or as AE, RS

Patients without baseline or
history of Afib3, N (%)

Patients with new onset of Afib,
N (%)

Incidence rate per 100 years at
risk

HR vs placebo (95% Cl)

E

(o)
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Endpoint

Empagliflozin (N=2,997)

Placebo (N=2,991)

Nominal p-value

Blood pressure (mm Hg) changes from baseline to week 52 (mm Hg), RS

Systolic blood pressure change | -1.8+0.3 -0.6+0.3
é(lj)justed mean difference (95% | , , (-2.11t0-0.3)

p-value 0.01

(I:Dri;?]tggc blood  pressure -0.940 2 -0.7+0.2

Adjusted mean difference (95%
Cl)

-0.2 (-0.7 t0 0.3)

p-value

0.46

HbA1c (%) change from baseline to week 52, RS patients with diabetes

Adjusted mean change from

baseline

e -0.16+0.02 -0.03+0.02
é(lj)justed mean difference (95% -0.19 (-0.25 t0 -0.14)

p-value <0.0001

Body weight (kg) change from baseline to week 52, RS

Adjusted mean change from -1.39+0.09 -0.11+0.09
baseline

é?)justed mean difference (95% -1.28 (-1.54 to -1.03)

p-value <0.0001

Haematocrit (%) change from baseline to week 52, RS

Adjusted mean change from 1 94+0.07 -0.41+0.07

Adjusted mean difference (95%
Cl)

2.36 (2.17 t0 2.54)

p-value

<0.0001

NT-proBNP (pg/mL) change from baseline to week 52, RS

Adjusted median change from
baseline (IQR)

-29 (-335 to 263)

-9 (-286 to 322)
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Endpoint Empagliflozin (N=2,997) Placebo (N=2,991)

Adjusted geometric mean ratio | 0.95 (0.91 to 0.99)

p-value 0.01

Uric acid (mg/dL) change from baseline to week 52, RS

Adjusted mean change from

: -0.90+0.03 -0.10+£0.03
baseline

Adjusted mean difference (95%

cn -0.80 (-0.88 to -0.72)

p-value <0.0001

QoL measured by KCCQ at 52 weeks®, TS

Change in clinical summary

score at 52 weeks 4.5120.31 3.18+0.31

Adjusted mean change from

bassline (95% C) 1.32 (0.45 t0 2.19)

Nominal p-value 0.0028

Change in overall summary

score at 52 weeks 5.03£0.30 3.66+0.31

Adjusted mean change from

bassline (95% C) 1.37 (0.52 to 2.21)

Nominal p-value 0.0015

Change in total symptom score

at 52 weeks 5.89+0.34 3.95+0.34

Adjusted mean change from

baseline (95% Cl) 1.94 (1.01 to 2.88)

Nominal p-value <0.0001

Abbreviations: AE, adverse event; Afib, atrial fibrillation; Cl, confidence interval; ECG, electrocardiogram; HbA1c, glycated
haemoglobin; HR, hazard ratio; IQR, interquartile range; KCCQ, Kansas City Cardiomyopathy Questionnaire; MI, myocardial
infarction; QoL, quality of life; RS, randomised set; SE, standard error; 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 EF, and treatment. Continuous endpoints (blood pressure, KCCQ scores) were analysed using
mixed model for repeated measures (MMRM).

2Based 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.

Source: 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, EMPEROR-Preserved CSR (139); Table
S5, Anker et al 2021 (5).

Frequency of MI, stroke and atrial fibrillation were similar between the two treatment
groups as based on Cox regression analysis and estimated cumulative incidence
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analysis. 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 -
1.2 mmHg (95% ClI, -2.1 to -0.3) for systolic and -0.2 mmHg (95% ClI, -0.7 to 0.3) for

diastolic blood pressure.

The change from baseline in health status was assessed by the KCCQ-CSS at week
52. The clinical summary score measures HF symptom frequency, symptom burden,
and physical limitations. There was a greater improvement in the clinical summary
score from baseline in the empagliflozin group than in the placebo group at Week 52.
A similar improvement was also observed for the Kansas City Cardiomyopathy
Questionnaire - total symptom score (KCCQ-TSS) and Kansas City Cardiomyopathy
Questionnaire - overall summary score (KCCQ-OSS), as well as for the individual
domains ‘quality of life’ and ‘social limitation’. There were no relevant differences
between the treatment groups with regards to 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-

Preserved were:

e Diabetes at baseline (diabetic, 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, Asian, other)

e Body mass index (BMI) (<30 kg/m?and 230 kg/m?)

e Age (<70 years and 270 years) (Appendix E)

e SBP at baseline

e History of AF

e HHF in the last 12 months

e NYHA at baseline (ll, lll/IV)

e Uric acid, in thirds, at baseline

e HF physiology (reflected in baseline EF and level of NT-pro-BNP) (Appendix E)
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e Baseline use of mineralocorticoid receptor antagonist
e Baseline use of ACEI, ARB, or ARNI at baseline (Appendix E)

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

A post hoc subgroup analysis according to KCCQ-CSS score at baseline (<62.5, 62.5-
83.3, 283.3) was also conducted (148). It is to be noted that subgroup analyses were
not adjusted for multiple testing. Hence, the subgroup findings were not specifically

powered and were regarded as hypothesis generating (Appendix E).

The effect of empagliflozin on the combined risk of CV death or HHF was consistent
across the subgroups, with the interaction p values above 0.05 for all analysed
subgroups, including by diabetes status and EF (Figure 16). Age (interaction
p-value=0.5162), eGFR (interaction p-value=0.6331), or EF (interaction
p-value=0.4333) analysed as a continuous variable had no relevant impact on the
results of the primary analysis (139). Of note, the consistent effect of empagliflozin in
patients with an eGFR lower than 60 mL/min/1-73 m? (HR<1) provides evidence of an
important reduction of CV death or HHF in this high-risk subgroup, including patients
with eGFR as low as 20 mL/min/1.73 m?(5).

For the subgroup analyses by baseline NYHA class although the direction of the
treatment effect remained consistent, magnitude of the benefit was smaller in the
subgroup with NYHA class llI-IV (more severe HF) versus NYHA class Il (less severe
HF) at baseline. Subgroup analyses by EF at baseline showed that the treatment effect
deceased with increase in EF (5). No significant variation in treatment effect was seen
across KCCQ scores (Appendix E) or NT-pro-BNP tertiles (5, 148). Furthermore, the

point estimate HR remained less than one for each subgroup (Figure 16).
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Figure 16. Primary outcome of EMPEROR-Preserved in pre-specified subgroups

Subgroup N with event/ N analysed Hazard ratio  Interaction

Category Empa 10mg vs Placebo (95% Cl) p-value Empa better Placebo better
Overall 41512897 511/2991 0.7¢ (069,0.80) HH
Baseline Diabetes Status 0.9224

Diabetic 23911466 2911472 0.79 (067,0.94) !

Non-Diabetic 1761531 22011519 0.78 (0.64,0.85) m
Age [years] 0.2548

<70 134/1066 152/1084 0.88 (0.70,1.11) ]

270 2811931 359/1907 0.75 (0.64,0.87) & 3
Sex 0.5360

Male 25311659 29711653 0.81 (0.69,0.86) —me

Female 162/1338  214/1338 0.75 (0.61,0.92) =
Race 05783

White 31012286 370/2256 0.81 (0.69,0.84) HH

Black/ African-American 24/ 133 28/ 125 0.73 (0.42,1.25) e

Asian 54/ 413 77 411 0.65 (0.46,0.92) A

Cther including mixed race 27/ 164 36/ 198 0.95 (058,1.57) P
Baseline BMI [kg/m?] 0.3208

<30 223/1854  292/1642 0.74 (0.62,0.88) |

230 192/1343  219/1349 0.85(0.70,1.03) -
Baseline eGFR (CKD-EPI) 0.7673
[mL/min/1.73m7]

260 15211493  189/1505 0.81 (0.65,1.00) =

<60 2631504 32171484 0.78 (0.66,0.91) !
Baseline SBP (</=z median') 0.5841

< median 200/1496  249/1474 0.76 (0.63,0.81) =

= median 2151501 26201517  0.82 (0.68,0.98) =
Baseline use of MRA 0.2169
No 233/1878  306/1866 0.73 (0.62,0.87) [
Yes 1821119 2051125 0.87 (0.71,1.06) R

History of atrial fibrillation 0.9588
or atrial flutter
No 1701417 2191427 078 %D 64,0 95% com
Yes 24411576 29211559  0.78 (0.66,0.93 .
Baseline LVEF [%] 0.2088*
<50 145/ 995 193/ 988 071 50 57,0 56; [ |
50 to <60 1381028  173/030  0.80(0.64,0.99 .
260 132/ 974 145/ 973  0.87 (0.68,1.10) |
History of HHF (in the last 12 0.4441
months)
No 258/2298  319/2321 0.81 (0.68,0.85) HH
Yes 157/ 699 192/ 670  0.73(0.58,0.90) |
Baseline NYHA 0.3081
I 275/2435  361/2452  0.75(0.64,0.87) -
v 140/ 562 150/ 539  0.86 (0.68,1.08) =
Baseline NT-proBNP [pg/mL] 0.8887
éc!ameman’ by atrial
\brillation/flutter status)
< median 1261477  168/1508  0.76 (0.61,0.96) =
2 median 28811516 34111476  0.78 (0.67,0.81) (=
Baseline uric acid [mg/dL] 0.2367*
(tertiles™
<T1 96/ 963 147/ 975  0.65 (0.50,0.84) =
2T1 and <T2 130/1032 132/ 966 092 (0.72,1.17 =
2T2 184/ 970  226/1018 081 EO 87,0 983 =
Baseline use of ACE-inhibitor, 06939
ARB or ARNi
No 90/ 569 121/ 587 0.75 (0.57,0.99) ——
Yes 325/2428  390/2404 0.80(0.69,0.93) HiH

r T
0125 025 05

L8]
B
w

Hazard ratio

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor-neprilysin
inhibitor; BMI, body mass index; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; HHF, hospitalisation for heart
failure; eGFR, estimated glomerular filtration rate; EF, left ventricular ejection fraction; MRA, mineralocorticoid receptor
antagonist; NT-pro-BNP, N-terminal prohormone of brain natriuretic peptide; NYHA, New York Heart Association; SBP, systolic
blood pressure.

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 metres. Race was reported by the patients.

APatients with NYHA class | are counted in subgroup NYHA class II.

'Baseline SBP median: 132 [mmHg].

2Baseline NT-proBNP median for patients with history of atrial fibrillation or atrial flutter: 1354 [pg/mL].

2Baseline NT-proBNP median for patients without history of atrial fibrillation or atrial flutter: 614 [pg/mL].

3Baseline uric acid tertile cut-offs for males are T1: 5.9 T2: 7.5 [mg/dL] [rounded].

3Baseline uric acid tertile cut-offs for females are T1: 5.4 T2: 6.9 [mg/dL] [rounded].

*= Trend test

Source: EMPEROR-Preserved CSR, Figure 11.1.1.3: 1 (139).
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The use of the ITT population for the cost-effectiveness analysis (CEA) of
empagliflozin in chronic HF (EF >40%) is also the most statistically robust approach
since EMPEROR-Preserved was not powered to evaluate the treatment effect in any
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.

During TA733, the BMJ EAG explored the use of the Europe subgroup and whether
this would be a better representation of UK clinical practice than the ITT population,
and thus should be used for the preferred base case ICER. Bl would like to proactively

address this query as it is also relevant for this appraisal.

The Europe subgroup is unlikely to be a better representation of UK clinical practice
than the ITT population. The baseline characteristics and key outcomes for the Europe
subgroup were comparable to the ITT population, as reported in
Appendix E. Thus, if the Europe subgroup was used as the base case to estimate the

ICER, it is likely to be similar to the ITT population.

The use of data from Europe subgroup to assess generalisability is not appropriate
and could contribute to existing ethnic inequalities in health (149), contrary to the
NICE’s Social Value Judgments and the Equality Act 2010 (race is one of the protected
characteristics) (14). The Europe subgroup of EMPEROR-Preserved was 99.0% 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 (139, 150). This difference is even
wider in the metropolitan areas of the UK (44.9% white in London) (150). The ITT
population of EMPEROR-Preserved, which was 75.9% white, 4.3% black, 13.8%
Asian and 4.2% other (5, 139) is more generalisable to the ethnically diverse UK
population and is, therefore, the population considered in the economic analysis.

B.2.8 Meta-analysis

Not applicable.
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B.2.9 Indirect and mixed treatment comparisons

Not applicable.

B.2.10 Adverse events

Median exposure to study medication was approximately 23 months in both treatment
groups, with 84% of patients treated for at least 1 year. Safety was assessed

descriptively based on AE, adverse events of special interest (AESI), and specific AE.

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 23).
Proportions of patients experiencing severe AE and AE leading to premature

discontinuation of study medication were also similar between the two groups (Table

23).

Table 23. Overall summary of AE in the TS

Category of AE

Empagliflozin 10 mg, N (%)

Placebo, N (%)

Number of patients in the TS, N (%)

2,996 (100.0)

2,989 (100.0)

Patients with any AE 2,574 (85.9) 2,585 (86.5)
Mild ) I
Moderate N I
Severe N )
Investigator-defined drug-related AE [ ) [ N )
AE _Ieac}ing to discontinuation of study 571 (19.1) 551 (18.4)
medication

Serious AE 1,436 (47.9) 1,543 (51.6)
Serious AE

Resulting in death B B
Life threatening B [ N )
Persistent or significant | LA [ N )
disability/incapacity

Requires or prolongs hospitalisation B [ N )
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Category of AE Empagliflozin 10 mg, N (%) | Placebo, N (%)

Congenital anomaly or birth defect | |

Other medically important serious event: | [l (Il B

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.

20ther medically important serious event was defined as any important medical event (when based upon appropriate medical
judgement) 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.

Source: EMPEROR-Preserved CSR, Table 15.3.1.1 (139).

The overall frequency of serious AE (SAE) was lower in the empagliflozin group than
in the placebo group, consistent with the efficacy analyses of all-cause hospitalisations
(Table 24). The most frequent SAE were cardiac failure, atrial fibrillation, pneumonia
and acute kidney injury. All other SAE were reported in less than 3.0% of patients per

treatment group.

Table 24. Serious AE with frequency >1% -exposure adjusted, in the TS

Urinary tract infection

MedDRA SoC
TN Empagliflozin 10 mg, N (%) | Placebo, N (%)
Number of patients 2,996 (100.0) 2,989 (100.0)
Total with SAE 1,436 (47.9) 1,543 (51.6)
Cardiac disorders [ ) [ )
Cardiac failure N )]
Atrial fibrillation B B
Cardiac failure congestive [ ) [ N )
Acute myocardial infarction [ ) )
Myocardial infarction [ ) [ N )
Coronary artery disease [ ) [ N )
Infections and infestations B B
Pneumonia N )]
COVID-19 ) K )
) )
) )

Renal and urinary disorders
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MedDRA SoC

Empagliflozin 10 mg, N (%) | Placebo, N (%
MedDRA PT N 9. N (%) (%)

Acute kidney injury

Renal impairment

Nervous system disorders

Ischaemic stroke

Neoplasms benign, malignant and
unspecified

Basal cell carcinoma

Vascular disorders

Hypertensive crisis

Respiratory, thoracic and
mediastinal disorders

Chronic  obstructive pulmonary
disease

General disorders & administration
site conditions

Death?

With investigator-defined drug-
related SAE

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.

@Deaths not attributed to another PT by the investigator. The frequencies of patients with fatal AE were balanced between
treatment groups.

Source: EMPEROR-Preserved CSR Table 12.2:1 (139).

Adverse events of special interest were pre-specified in the protocol as acute renal
failure, hepatic injury, decreased renal function, ketoacidosis, and AE leading to lower
limb amputation. Overall frequencies of AESI were comparable in the empagliflozin

and placebo groups (Table 25).

Specific AE were defined as urinary and genital tract infections, volume depletion and
hypotension, hypoglycaemic events, bone fractures and urinary tract malignancies. As
known for the drug class, urinary tract infections were more common in the
empagliflozin group. Uncomplicated genital tract infections also occurred more often

with empagliflozin than with placebo, while complicated genital infections or those
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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 SAE or
that led to treatment discontinuation. No increase in confirmed hypoglycaemic events
was detected for patients with or without DM, and no severe hypoglycaemic events
were reported in patients without DM. The frequencies of the remaining types of

specific AE were similar between the groups (Table 25).

Table 25. Summary of AESI and specific AE, TS
Category of AESI and specific AE | Empagliflozin 10 mg, N (%) | Placebo, N (%)

Number of patients 2,996 (100.0) 2,989 (100.0)

AESI

Acute renal failure 363 (12.1) 384 (12.8)
Serious N N
Leading to discontinuation -_(-_) -_(-)

Hepatic injury 115 (3.8) 155 (5.2)
Serious

Leading to discontinuation

N )
N I
Up to 30 days after | LA [ N )
N I
4(0.1) 5(0.2)

treatment discontinuation

Ketoacidosis (broad?)

Ketoacidosis (narrow?)

AE leading to LLA up to trial

completion (investigator-defined) 16(0.5) 23(0.8)

Specific AE

Urinary tract infection 297 (9.9) 243 (8.1)
Complicated 57 (1.9) 45 (1.5)
Leading to discontinuation | [ (Il N )

Genital infection 67 (2.2) 22 (0.7)
Complicated 8 (0.3) 8 (0.3)
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Category of AESI and specific AE | Empagliflozin 10 mg, N (%) | Placebo, N (%)
Leading to discontinuation -_(-_) -_(-)

Volume depletion -_(-_) -_(-)
Hypotension _(a subset of 311 (10.4) 257 (8.6)
volume depletion)
Serious N N
Leading to discontinuation -_(-_) -_(-)
(mvestgator-defined) | 197 (66) 16 (5.2)

Confirmed hypoglycaemic events®? 73 (2.4) 78 (2.6)
In patients with T1DMe B B
In patients with T2DMe B B
In  patients with  pre- -_(-) -_(-l
diabetes®
In patients without diabetes | LI [ )
or pre-diabetes®

Bone fracture 134 (4.5) 126 (4.2)
Serious [ N ) [ N )
Leading to discontinuation | [ (Il )
Up to trial completion ) B

Urinary tract malignancy up to trial | LI [ N )

completion

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

#Ketoacidosis was investigated using both broad and narrow Boehringer Ingelheim customised MedDRA queries (BIcMQs)
PHypoglycaemic AE with a plasma glucose value of <70 mg/dL or where assistance was required

‘Patients with events/patients in subgroup (%)

Source: EMPEROR-Preserved CSR Table 12.1.3:1 (139).

B.2.11 Ongoing studies

There are no ongoing studies of empagliflozin relevant for this appraisal.
B.2.11.1 Effect of empagliflozin in patients with HF across spectrum of EF

Empagliflozin has demonstrated benefit across the EF spectrum. A combined HF
analysis stratified by EF was performed on both the EMPEROR-Reduced and
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EMPEROR-Preserved trials (9718 patients; 4860 empaglifilozin and 4858 placebo)
(120). Both trials had pre-specified subgroup analysis based on EF but a more
granular stratification was done post hoc in this analysis. The patients were divided
into six groups categorised by EF: <25%, 25-34%, 35-44%, 45-54%, 55-64%, and
=265% in order to have a better understanding of the effect of empagliflozin across the

full range of chronic HF patients (120).

The combined analysis demonstrated heterogeneity in the baseline characteristics
across the EF groups. Patients with higher EF were mostly older females with greater
comorbidity burden (120). In terms of efficacy, empagliflozin consistently reduced the
primary composite endpoint of time to CV death or first HHF for HF patients across a
broad spectrum of EF (Error! Reference source not found.). The benefit is mostly
driven by the effect of empagliflozin on time to first HHF and total (first and recurrent)
HHF in patients with EF ranging from <25% to <65%. The pattern of effects of
empagliflozin across the EF intervals were similar for both genders. The combined
analysis also showed that the improvement in patients’ quality of life as measured by
KCCQ-CSS had similar patterns as the HF outcomes. In conclusion, irrespective of
differences in the demographic characteristics, the benefit of empagliflozin on HF
outcomes and health status were consistently observed across the broad spectrum of
EF.
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Figure 17. Effect of empagliflozin on primary composite endpoint in patients
with HF across spectrum of EF

2 4

Interaction P = 0.30

Hazard ratio (95% Cl)

0.5

T T T T T T T T T T T T

15 20 25 30 35 40 45 50 55 60 65 70 75

Baseline Left Ventricular Eiection Fraction (%)
Abbreviations: Cl, confidence interval; HF, heart failure; EF: left ventricular ejection fraction.
Note: Influence of EF on the effect of empagliflozin on time to CV death or HHF. Left ventricular ejection fraction is analysed as
a continuous variable, based on the assumption that the relationship is linear. Analysis of the influence of EF using cubic splines
yielded a pattern similar to that observed in our six subgroups, showing a consistent risk reduction in patients with an ejection
fraction <65% and an attenuated effect at the highest ejection fractions.

Shaded areas represent 95% confidence intervals.

Reference: Butler et. al. (2022) (120).

B.2.12 Innovation

As stated in Error! Reference source not found., HF affects just under 1 million
people in the UK, of which up to 50% are estimated to have chronic HF (EF >40%) (9,
151, 152). Currently NICE guideline does not recommend any specific therapy for the

treatment of chronic HF (EF >40%) and the treatment focuses on the management of
comorbidities (3).

Empagliflozin, either alone or in combination with all appropriate therapy for HF and

comorbid conditions offers to be an important advancement in the treatment of chronic
HF (EF >40%):

e It significantly reduces the risk of CV death or HHF while significantly improving

renal outcomes and quality of life in a population with broad spectrum of
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severity of chronic HF (EF >40%) regardless of age, gender, presence or
absence of diabetes or EF at baseline (5).

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 (153). SGLT2 inhibitors, like
empagliflozin, offer an opportunity to promote a more holistic approach to
treatment of adults with T2DM (153). Empagliflozin is already indicated in T2DM
and is recommended in chronic HF (EF <40%); therefore, empagliflozin could
further support the objective of a holistic treatment for adults with chronic HF
(across the full spectrum of EF) and comorbid T2DM, as well as potentially

reducing polypharmacy for comorbid patients.

B.2.13 Interpretation of clinical effectiveness and safety evidence

In the EMPEROR-Preserved ftrial, treatment with empagliflozin 10 mg once daily as
an add-on to SoC in patients with chronic HF (EF >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)cr slope of change from baseline.

Treatment with empagliflozin as an add-on to SoC led to a clinically and statistically
significant reduction in risk of CV death or HHF by 21% 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 31 (95% ClI, 20 to 69). The treatment
effect of empagliflozin became apparent shortly after randomisation and was

maintained throughout the trial. The results of all sensitivity analyses were consistent

Company evidence submission template for empagliflozin for treating chronic heart failure with
left ventricular ejection fraction >40% [ID3945]

© Boehringer Ingelheim (2022). All rights reserved Page 94 of 180



with the results of the primary analysis (i.e., the HR was similar). The results were also
consistent across the pre-defined subgroups stratified by demographics, baseline
characteristics, and baseline medications 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 first occurrence of all-cause hospitalisation was reduced in the
empagliflozin group compared with the placebo group. 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 CV deaths were
classified as sudden cardiac death or HF death, as expected in this population. A
recent analysis of data from EMPEROR-Preserved trial showed that empagliflozin
significantly reduced worsening of HF event (CV death, HHF, or an emergency or
urgent HF visit requiring intravenous treatment) 18 days after randomisation and

maintained significance thereafter (124).

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 1.36 mL/min/1.73 m? per year vs. placebo. The risk of
composite renal endpoint (chronic dialysis, renal transplant, or sustained reduction in
eGFR) was similar between the empagliflozin and the placebo treatment group. The
findings from the EMPEROR-Preserved study therefore have important clinical

implications for the holistic treatment of indications comprising the “CRS”.

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 five 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 mainly driven by the domains of symptom
frequency and symptom burden, and a positive trend in favour of empagliflozin was
observed in domain of physical limitations. Supportive analyses of KCCQ-OSS and
KCCQ-TSS were consistent with these findings.

Empagliflozin was well tolerated in chronic HF (EF >40%) patients with or without
T2DM. AE reported in the trial were consistent with the known safety profile of
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empagliflozin. As expected for the SGLTZ2 drug class, urinary tract infection and
uncomplicated genital infections were more common in the empagliflozin group. The
frequency of hypoglycaemia and bone fracture did not differ between the two groups,
even though these AE have been associated with the use of SGLT2 inhibitors in trials
with T2DM patients (154). The proportion of patients experiencing SAE 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., volume depletion, renal dysfunction, bradycardia, and hyperkalaemia) were

not evident with empagliflozin in EMPEROR-Preserved.

The benefits of empagliflozin have been demonstrated across a broad range of EF in
chronic HF patients (120). This combined HF analysis stratified by EF demonstrated
that EF does not impact the treatment effect of empagliflozin on the primary endpoint
(CV death or first HHF) and the key secondary endpoint (total HHF) (120).

In conclusion, the evidence submitted in the current company position combined with
the evidence assessed in TA773 demonstrates empagliflozin to be associated with a
clinically meaningful reduction in risk of CV death or HHF and a slower progressive
decline of renal function in patients with chronic HF, regardless of EF. Empagliflozin is
the first therapy demonstrating benefit across a broad range of EF, facilitating
improvement in patient outcomes regardless of any delay to echocardiography to
determine EF and appropriate treatment Thus, its broad recommendation in NG106
for all chronic HF patients will improve outcomes and benéefit the full patient population
treated by the NHS.
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B.3 Cost-effectiveness

e A Markov model with health states defined by KCCQ-CSS quartiles was developed to estimate
the lifetime costs and outcomes of patients with EF >40%. The model structure was identical to
the model submitted for TA773 <40%; which the EAG and committee deemed appropriate.

e The results of the EF <40% model appraised in the TA773 NICE submission indicated that
empagliflozin was cost-effective with an incremental cost-effectiveness ratio (ICER) of £4,717
per quality-adjusted life year (QALY) based on the company’s revised base case post the
technical engagement.

¢ Inthe EF >40% 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 QALYs by ] and [l per patient, respectively, and to reduce HHF by [l events per
100 patient-years. The ICER of £14,429 per QALY indicated that empagliflozin is highly cost-
effective as an addition to the SoC in symptomatic chronic HF and EF >40%.

e Deterministic sensitivity analyses for the EF >40% model 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 £22,000 per QALY across all parameter variations.

e 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.

e Scenario analyses, including scenarios suggested by the EAG during technical engagement in
TA773, show that there is certainty in the cost-effectiveness results for empagliflozin. All ICERs
were below £30k/QALY except the scenario where transition probabilities between the KCCQ-
CSS quartiles for the treatment arm was set to the transition probabilities for the SoC arm after
8 months (ICER: £32,482/QALY). This means that the ICER is not significantly affected by
assumptions including the choice of parametric distribution for mortality or treatment
discontinuation, utility age adjustment, cost of non-CV death, increasing risk of HHF, or the
mortality benefit of KCCQ-CSS membership.

e Empagliflozin therefore represents a highly cost-effective use of NHS resources in the treatment
of symptomatic patients with chronic HF (EF >40%) and across the full phenotype spectrum of
chronic HF.

B.3.1 Published cost-effectiveness studies
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A SLR was conducted to identify existing economic evaluations for the treatment of
chronic HF patients with EF >40%. The same SLR protocol was used for TA733, but
only studies for patients with an EF<40% were included in the PRISMA diagram. Full

details of the process and methods used are described in Appendix G.

In summary, following the abstract and full-text screening process, no relevant studies
were identified for inclusion in the SLR and therefore no quality assessment was

conducted.

B.3.2 Economic analysis

The SLR of cost-effectiveness studies, described in Appendix G, did not identify any
suitable economic evaluations in the chronic HF with EF >40% population. Therefore,
the cost-effectiveness model for economic evaluation of empagliflozin + SoC for
chronic HF patients with EF >40% builds on the modelling approach previously
accepted by the NICE committee for empagliflozin + SoC for patients with EF <40%
(TA773) (1) and the economic model submitted for dapagliflozin in HFrEF to NICE
(155), which were developed using Microsoft Excel® (Office 365, version 2008) with
Visual Basic for Applications (VBA) functionality.

The selection of the model approach and structure considered the current treatment
landscape for chronic HF with EF >40%, recent relevant health technology
assessment (HTA) submissions to NICE for the treatment of chronic HF, the relevant
questions in decision-making, and the EMPEROR-Preserved trial data, including
adequately capturing the trends observed in the trial primary outcomes (HHF and CV
death). Furthermore, the empagliflozin + SoC for patients with the HFrEF model
submission (1) was appraised by NICE and agreed suitable for modelling chronic HF,
hence that model has been used as the basis for the development of the

cost-effectiveness model for EF >40%.

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 and HHF (155). The NICE evaluation committee for TA679 concluded
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that the KCCQ tool is a reasonable way to classify disease severity and is appropriate

for decision-making (155).

A similar approach was therefore adopted for modelling cost-effectiveness of
empagliflozin in HF patients with EF >40%, that is, with KCCQ-CSS rather than KCCQ-
TSS-defined health states as explained in more detail in Section B.3.2.2Error!

Reference source not found..
B.3.2.1 Patient population

The patient population considered in the CEA is adults with symptomatic chronic HF
with EF >40% in accordance with the anticipated MA of empagliflozin and the decision
problem considered in this submission. Empagliflozin is indicated in adults for the
treatment of symptomatic chronic HF with EF >40%. The population is also reflective
of the ITT population of the EMPEROR-Preserved trial (124).

In accordance with the trial inclusion criteria, the modelled cohort comprised adults
with chronic HF with EF >40%. 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 26). The modelled cohorts in the
empagliflozin + SoC and placebo + SoC arms were assigned the same baseline

characteristics.

Table 26. Mean patient characteristics of the modelled cohort at model entry
based on EMPEROR-Preserved trial, ITT population

Baseline characteristic | ITT population SE
Demographics

Age (years) 71.89 0.12
Age (=65 years) 80% 0.01
Sex: Male 55% 0.01
Region

Asia 11.5% 0.00
Europe 44.9% 0.01
Latin America 25.3% 0.01
North America 12.0% 0.00
Other 6.3% 0.00
KCCQ-CSS
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Baseline characteristic | ITT population SE

KCCQ-CSS 0 to <55 | % ||
(Quartile 1)

KCCcQ-CSS: 55 to <75 | % ||
(Quartile 2)

KCCQ-CSS: 75 to <90 | % | ]
(Quartile 4)

KCCQ-CSS: 90 to 100 | % ||
(Quartile 4)

NYHA class

Baseline NYHA |l 81.5% 0.01
Baseline NYHA Il 18.1% 0.00
Baseline NYHA IV 0.3% 0.00
Treatment use at baseline

ACEI 40.2% 0.01
ARB 38.7% 0.01
ARNI 2.2% 0.00
MRA 37.5% 0.01
BB 86.3% 0.00
Loop diuretics 67.7% 0.00
Medical history

Ischaemic cause of HF 35.4% 0.01
Prior atrial fibrillation or | 52.4% 0.01
flutter

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; KCCQ, Kansas City
Cardiomyopathy Questionnaire; MRA, mineralocorticoid receptor antagonist; NYHA, New York Heart Association; SE, standard
error.

B.3.2.2 Model structure

The model uses a Markov cohort state transition approach and describes the clinical
course of HF with EF >40% 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
zero to <, N to <. I to <, and [l to 100, respectively, with higher
score corresponding to a better health status), and death, with health state-specific
costs and utilities (Figure 18). 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
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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. Transitions between the health states occurred in 1-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 (156-158). 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 (158-160). The test-retest reliability of the KCCQ with respect to
HF was established in an outpatient cohort of 39 stable patients where a non-
significant difference was observed in the overall summary scores (OSS) at baseline
and a 3-month visit (66.2 versus 64.1; p=0.36) (156). The KCCQ has also been
validated in patients with EF 245% and proven to be both reproducible and sensitive
to important changes in a patient’s health status (160, 161). The KCCQ domains
quantify the patient’'s perception of their health status including HF symptoms
(frequency and burden), physical and social limitation and quality of life (QoL).
Different elements of the KCCQ are captured using various summary scores: (i) total
symptom score (TSS) which includes the symptom domains (frequency and severity);
(ii) clinical summary score (CSS) which includes the TSS and the physical limitation
domain; and (ii) OSS which includes the CSS, QoL, and social limitation domains
(162). Scores range from 0 to 100 with higher scores indicating better health status,

lower symptom burden and better health-related quality of life (HRQoL) (162, 163).
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KCCQ-CSS, unlike KCCQ-TSS, was an exploratory endpoint in EMPEROR-
Preserved. Model health states based on KCCQ score are a more patient-centric
assessment of disease burden in CHF with EF >40% rather than administrative
measures such as hospitalisations. They also enable the impact of disease severity to
be captured in the health state utility values and in the risk of events, and therefore
allow the impact of disease severity to be more accurately modelled compared with
the two-state Markov modelling approach previously used in NICE appraisals (TA267
and TA388 for HFrEF) (164, 165). The KCCQ score is also considered a better
measure of disease severity compared with the commonly used NYHA functional
classification (160). The NYHA classification 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 (31, 161-163).

The model captured the occurrence of first and subsequent HHF and treatment-related
AE 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-Preserved 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 empaglifiozin at any cycle. After
discontinuation, patients received SoC treatment until death or till 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.

Company evidence submission template for empagliflozin for treating chronic heart failure with
left ventricular ejection fraction >40% [ID3945]

© Boehringer Ingelheim (2022). All rights reserved Page 102 of 180



Figure 18. Model schematic

KCCQ-CSS KCCQ-CSS
Quartile 1 Quartile 2

DEAD

(CV or non-CV death)

Adverse Events

KCCQ-CSS KCCQ-CSS
Quartile 3 Quartile 4

ALIVE

_ Health states

Transient events

Abbreviations: CSS, clinical summary score; CV, cardiovascular; HHF, hospitalisation for heart failure; KCCQ, Kansas City
Cardiomyopathy Questionnaire.

Q1, Quartile 1: 0 to < llll; Q2. Quartile 2: [l to <Hl; Q3. Quartile 3: [l to <HI; Q4. Quartile 4: I to L.

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 AE. 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 concerns identified by NICE surrounding the two-state
Markov models of chronic HF used in previous NICE submissions (TA388 and TA267)
(164, 165) (since treatment effect can impact the rate of transitions between different
health states) and follows the well-received approach in TA679 (155). Furthermore,
the model allows for explicit modelling of the relationship between disease progression
and clinical outcomes (e.g., different rates of HHF and CV death can be specified);
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and patients’” HRQoL and resource use over time can be tracked as they move
between different health states. It was also considered simpler and more efficient than
a patient-level simulation approach (used in NICE TA388) (165) requiring less
computational time while still adequately capturing heterogeneity across patients with
CHF with EF >40% 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 chosen model structure is aligned with the clinical care pathway described in
Section Error! Reference source not found. and reflects the anticipated positioning
of empagliflozin as an add-on to usual therapy for CHF with EF >40%. Currently NICE
guidelines do not specify specific therapy options for the treatment of chronic HF with
EF >40% (3). However, even though the 2021 ESC guideline has recommended use
of ACEI/ARB/ARNI, beta-blockers, MRAs and diuretics for management of patients
with chronic HF and EF 40-50%, (20) the recommendations are low and are not well
established by RCT evidence (3). Therefore, due to the lack of established efficacious
treatments for chronic HF patients with EF >40%, the evidence supports the
positioning and treatment pathway for empagliflozin. The main features of the cost-

effectiveness model are summarised in Table 27.
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Table 27. Features of the current economic analysis

Factor Chosen values Justification

Model structure A Markov model with 5 states, including death, | A time-varying covariate by KCCQ-CSS quartile in
using KCCQ-CSS quartiles to capture disease | risk/survival /utility equations allows modelling of
severity and progression the relationship between disease severity and

outcomes (HHF, CV death, all-cause death)

Comparators Standard care without empagliflozin. See the decision problem Error! Reference source
Standard care is defined as: not found..
e Usual therapies, comprised of the following:
e ARNI (sacubitril / valsartan)

e ACEI (captopril, enalapril, lisinopril, ramipril,
trandolapril)

e BB (bisoprolol, carvedilol, metoprolol,
nebivolol)

¢ ARB (candesartan, valsartan, losartan)

e MRA (eplerenone)

Time horizon Lifetime HF is a chronic disease, with costs and effects of
treatment accumulating over lifetime

Treatment waning effect? No No evidence of treatment waning in EMPEROR-
Preserved
Source of utilities EMEPEROR-Preserved trial As per NICE manual for health technology
evaluations (166)
Source of costs NHS and PSS price sources, and literature for | As per NICE manual for health technology
other cost inputs evaluations (166)
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Factor Chosen values Justification

Perspective on health effects Direct health effects As per NICE manual for health technology
evaluations (166)

Perspective on costs NHS and PSS As per NICE manual for health technology
evaluations (166)

Discounting 3.5% As per NICE manual for health technology
evaluations (166)

Cycle length One month, with half-cycle correction The shortest practical cycle length, given the
frequency of trial data collection and a lifetime
horizon

Abbreviations: ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; ARNI, angiotensin receptor-neprilysin inhibitors; BB, beta-blockers; CV, cardiovascular; HF, heart
failure; HHF, hospitalisation for heart failure; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire — clinical summary score; MRA, mineralocorticoid receptor antagonists; NHS, National Health
Service; NICE, National Institute for Health and Care Excellence; PSS, Personal and Social Services.
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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
background therapy for symptomatic relief and comorbidity management of HF in
patients with an EF >40%.

This comparison is in line with the proposed positioning of empagliflozin in
Section B.1.3.2.3 and current NICE guidance NG106 (3).

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-Preserved and consisted of

the following:

¢ 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 16)

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 AE 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
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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
(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 (167, 168). The baseline characteristics of the
modelled cohort, representative of the ITT EMPEROR-Preserved population, are
shown in Table 26. 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-Preserved 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 not statistically significant with respect to change in
KCCQ-CSS from baseline for baseline for CV mortality and AC mortality (detailed in
Section B.3.3.1). Treatment effect was incorporated in the cost-effectiveness model
(CEM) through KCCQ-CSS quartile transition probabilities for CV mortality, which is
retained in the base case for CV mortality even though it was not statistically
significant. The rationale for including treatment effect for CV mortality is that it is
supported by clinical plausibility that empagliflozin could reduce CV mortality.
However, for all-cause mortality, the treatment effect was removed from the base case
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because it was not statistically significant and it is not clinically plausible to assume

increased all-cause mortality for empagliflozin-treated patients.

As the CEM is a Markov model that tracks transitions between health states, it needs
probability matrices as inputs, with rows representing current states, columns
representing future states, and cells with the transition probabilities as elements.
These matrices were constructed directly from the EMPEROR-Preserved trial data by
stratifying patients by prior period health state (KCCQ-CSS defined) and calculating

their observed proportions in the next period health state.

Treatment specific changes in health status were captured in the model through
KCCQ-CSS quartile transition probabilities, with treatment specific transition matrices
derived from the analysis of KCCQ-CSS data collected in EMPEROR-Preserved 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 28). 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 28) (121). 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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Table 28. Monthly KCCQ-CSS transition matrix

KCCQ-CSS Empagliflozin + SoC Placebo + SoC

transitions Months | Months | Months | Months | Months Months 9+
[From, To] 1-3 4-8 9+ 1-3 4.8

KCCQ[1,1] [ N N [ [ N
KCCQ [1,2] [ N N N N N
KCCQ [1,3] [ N N N N N
KCCQ [1,4] N e e e e ]
KCCQ [2,1] [ N N [ [ N
KCCQ [2,2] [ N N N N N
KCCQ [2,3] [ N N N N N
KCCQ [2,4] N e e ] ] ]
KCCQ [3,1] [ N N N N [
KCCQ [3,2] [ N N N N N
KCCQ [3,3] [ N N N N N
KCCQ [3,4] N e e ] ] ]
KCCQ [4,1] [ N N N N [
KCCQ [4,2] [ N N N N N
KCCQ [4,3] [ N N N N N
KCCQ [4,4] N e e ] ] ]

Abbreviations: CSS, clinical summary score; KCCQ, Kansas City Cardiomyopathy Questionnaire; SoC, standard of care.

B.3.3.3 Mortality
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-
Preserved trial duration. The analysis was conducted following recommendations of
the NICE Decision Support Unit Technical Support Document 14 (169).

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
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with correction for a finite sample size [AlCc] and Bayesian Information Criteria [BIC])
and clinical plausibility of extrapolations (Table 29). Time-varying indicators of the
current health state were then introduced to a model based on the selected parametric

distribution.

The joint arm 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 and yielded the most clinically plausible estimates of long-term survival
(mean life expectancy of ] months with placebo and [l 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. As CV mortality is cause-specific, it is expected for models to return higher
survival estimates than their all-cause mortality counterparts. The log-normal and log-
logistic models return implausibly high mean survival estimates across all
formulations. The exponential model is also not plausible due to its constant hazard
assumption. The Kaplan-Meier Weibull curves for all-cause and CV mortality are

presented in Figure 18 and
Figure 19 respectively.

Table 29. Goodness-of-fit statistics (AICc/BIC) for alternative parametric
distributions, all-cause mortality and CV mortality

o All-cause mortality CV mortality
Distribution

AlCc BIC AlCc BIC
Exponential e e e I
Weibull [ [ [ [
Gompertz | | | |
Log-normal [ [ [ [
Log-logistic [ [ [ [
Generalised e e e e
gamma

Abbreviations: AlCc, corrected Akaike Information Criterion; BIC, Bayesian Information Criterion.
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Figure 19. Kaplan-Meier curves for all-cause mortality from EMPEROR-
Preserved and extrapolated survival curves (Weibull)
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Figure 20. Kaplan-Meier curves for CV mortality from EMPEROR-Preserved and
extrapolated survival curves (Weibull)
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Coefficients of the Weibull risk equations for all-cause and CV mortality with time-
updated KCCQ-CSS health states are shown in Table 30. In the CEM, the treatment

effect was set to zero for AC mortality for the base case because the results from the

respective statistical analysis were not statistically significant (i.e., no difference

between the two comparators), and it is not clinically plausible to assume increased

mortality for patients treated with empagliflozin. The treatment effect for CV mortality

is also not statistically significant, but this was added in the model because a numerical

difference between the two comparators is clinically plausible for this outcome.

Table 30. Parameterisation of survival equations for CV and all-cause death, ITT
population of EMPEROR-Preserved trial, Weibull distribution (base case)

All-cause death CV death
Parameter

Coefficients SE p-value | Coefficients | SE p-value
Shape I I I N I
Scale I I I N Il
Treatment | [ I I I
effect
Empagliflozin
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Parameter

All-cause death CV death

Coefficients SE p-value | Coefficients | SE p-value

10 mg (Ref.:
Placebo)

Kcca-css: |

(Quartile 2)*

to <

KCCQ-CSS:

(Quartile 3)*

to <

kcca-css: | [N L HE HE
I to

to

(Quartile 4)*

Abbreviations: CV, cardiovascular; CSS, clinical summary score; ITT, intention to treat; KCCQ, Kansas City Cardiomyopathy
Questionnaire; SE, standard error.

*vs KCCQ-CSS: 0 to 55.73 (Quartile 1)

Other parametric distributions for all-cause mortality and CV mortality had the following

disadvantages compared to Weibull:

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

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

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

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 Figure 20 and Figure 21 respectively. Risk equations

derived with alternative distributions for sensitivity analyses are summarised in Table
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31. 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 N.

Figure 21. Alternative all-cause mortality survival curves (scenario analyses)
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Abbreviations: KM, Kaplan-Meier curve.
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Figure 22. Alternative CV mortality survival curves (scenario analyses)
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Table 31. Risk equations for alternative parametric distributions of CV mortality
and all-cause mortality (KCCQ-based), ITT population of EMPEROR-Preserved
(scenario analyses)

Coefficients

Exponential

Gompertz

Log-normal

Log-logistic

Generalised
gamma

All-cause death

P1

P2 (intercept)

P3

Treatment
effect

KCCQ-CSS:
55 to <75
(Quartile 2)

KCCQ-CSS:
75 to <90
(Quartile 3)

KCCQ-CSS:
90 to 100
(Quartile 4)

CV death

P1

P2 (intercept)

P3
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Coefficients Exponential Gompertz Log-normal Log-logistic Generalised
gamma

Treatment | I I I I

effect

kcca-css: | [l | I I I

55 to <75

(Quartile 2)

kcca-css: | N I I I I

75 to <90

(Quartile 3)

kcca-css: | | I I I

90 to 100

(Quartile 4)

Abbreviations: CSS, clinical summary score; CV, cardiovascular; ITT, intention to treat; 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-Preserved 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 M.

A scenario analysis was carried out which used the CV death and all-cause death
survival curves from EMPEROR-Preserved trial only, without applying the non-CV

death rate from UK life tables (Section B.3.10.3Error! Reference source not found.).
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
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
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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-
Preserved. The parameters of the fitted GEE used to predict HHF in the ITT population
in the model are reported in Table 32.

Table 32. Risk equation for hospitalisation for HF based on Poisson regression,
ITT population from EMPEROR-Preserved trial

Covariate Coefficient SE p-value
Intercept - - -
Treatment effect | [ ] I
Empagliflozin

10 mg

(Ref.: Placebo)

Kcca-css: 55.73 to | I ] ]
<73.96 (Quartile 2)*

Kcca-css: 73.96 to | [l | I
<88.02 (Quartile 3)*

Kcca-css: 88.02 to | N ] N
100 (Quartile 4)*

Abbreviations: CSS, clinical summary score; ITT, intention to treat; KCCQ, Kansas City Cardiomyopathy Questionnaire; SE,
standard error.

*ys KCCQ-CSS: 0 to <55 (Quartile 1)

B.3.3.5 Treatment discontinuation

A parametric survival analysis was applied to estimate the time to empagliflozin
treatment discontinuation as observed in the EMPEROR-Preserved 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.

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 N. Mean and median survival fit statistics suggested that the log-

normal, log-logistic and Gompertz models return either an implausibly high or
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diverging mean survival. Among the remaining models, the Weibull is the most
optimistic, and the generalised gamma is the most pessimistic. While the generalised
gamma is the most conservative model, it fits closer to the tail-end of the Kaplan-Meier
than the other models, which tend to diverge upwards, resulting in higher survival
estimates. Based on this consideration, as well as the plausibility of survival estimates,
the generalised gamma model was chosen as the base case (Table 33). 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 34.

Table 33. Risk equation for treatment discontinuation from EMPEROR-
Preserved trial, generalised gamma distribution

Covariate Coefficient p-value
Mu
Sigma
Q

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)

m

Table 34. Risk equations for alternative parametric distributions of treatment
discontinuation, ITT population from EMPEROR-Preserved

Coefficients Weibull Exponential Gompertz Log-normal Log-logistic

P1

P2 (intercept)

P3

Treatment
effect

KCCQ-CSS:
55 to <75
(Quartile 2)

KCCQ-CSS:
75 to <90
(Quartile 3)

KCCQ-CSS:
90 to 100
(Quartile 4)
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Abbreviations: CSS, clinical summary score; ITT, intention to treat; KCCQ, Kansas City Cardiomyopathy Questionnaire.

B.3.3.6 Adverse event rates

The risk of experiencing AE from treatments was informed by the most common AE
of special interest in the EMPEROR-Preserved trial by assuming a constant hazard.
The rates of AE associated with empagliflozin + SoC and SoC were derived from the
EMPEROR-Preserved trial. Patients who discontinued empagliflozin were subject to
the risk of AE associated with the placebo arm of the EMPEROR-Preserved trial
(Table 35).

Table 35. Rates of AE in the modelled cohort

Rate per 100 patient-years in the EMPEROR-Preserved trial
Empagliflozin + SoC Placebo + SoC
Urinary tract infection [ [
Genital mycotic infection [ ] [ ]
Acute renal failure [ ] [ ]
Hepatic injury [ ] [ ]
Volume depletion - -
Hypotension [ ] [ ]
Hypoglycaemic event* [ ] [ ]
Bone fracture [ ] [ ]
Ketoacidosis** [ [

Abbreviation: AE, adverse event; SoC, standard of care.
*Defined as an event with a plasma glucose value of <70 mg/dL or where assistance was required.

**Not included in the base-case.

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 ftrial
and comment on its consistency with NICE manual on health technology evaluations
(166). The utility and disutility values associated with the model health states, AE and
HHF were obtained from the pooled analysis of the patient-level data for the ITT
population in the EMPEROR-Preserved trial (121). 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.
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Patients’ responses to EQ-5D-5L questionnaire were then mapped to EQ-5D-3L
descriptive system using the crosswalk mapping function developed by Hernandez
Alava et al. (170). 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. (171). Utility scores were analysed with a linear
mixed-effects regression to account for the repeated measures on the same patients
(172). 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
assumption of disutility has been validated by patient organisations in the hearing to
the empagliflozin EF £40% NICE submission (1). The choice of 12-month duration for
the HHF disutility duration is based on precedent which was accepted by the NICE
committee and EAG appraisal for dapagliflozin (155).

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 1 month after the
AE. The indicators for HHF and AE events were added to the baseline model, which
was then trimmed down to 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 36.
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Table 36. Health-related quality of life equation derived from EMPEROR-
Preserved trial

Covariate Coefficient SE p-value
Distribution/Type Linear Mixed Model

Intercept - - -
Demographics

Age =65 [ I I
Male (ref: Female) [ ] ]
Region

Latin America e ] ]
North America e I I
Asia ] ] ]
Other ] I ]
Baseline KCCQ quartile (ref: [N, D)

kcca-css: 75 to <90 | I | I
(Quartile 3)

kcca-css: 55 to <75 | [N ] I
(Quartile 2)

kcca-css: 0 to 55 | I | I
(Quartile 1)

Medical History

Time Since HHF

HHF: <1 month [ [ |
HHF: 1 to <2 months [ ] ]
HHF: 2 to <4 months [ ] I
HHF: 4to <12 months | [ [ |
AE

Urinary tract infection [ [ ]
Genital Mycotic Infection | [l ] I
Acute renal failure e I I
Hepatic injury - - -
Volume depletion e ] ]
Hypotension - - -
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Covariate Coefficient SE p-value
Hypoglycaemic event - - -
Bone fracture ] I ]
Ketoacidosis* e e e

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.

*Not included in the base-case.

B.3.4.2 Mapping

The patient responses from the EQ-5D-5L questionnaire were mapped to the EQ-5D-
3L questionnaire using the methodology developed by Hernandez Alava et al. with UK
value sets (170). This methodology is in line with the NICE manual on health

technology evaluations (166).
B.3.4.3 Health-related quality of life studies

A SLR was conducted to identify relevant utilities evidence related to the treatment of
chronic HF with EF >40%. The same SLR protocol was used for TA733, but only
studies for patients with an EF<40% were included in the PRISMA diagram. Full details

of the process and methods used are described in Appendix H.

Two randomised trials (SOCRATES-preserved trial and prehabilitation trial by
Giovannini et al.) were included in the SLR and are summarised in Appendix H. The
two randomized trials provided the utility values on treatment with vericiguat using the
EQ-5D-3L (SOCRATES-Preserved trial), and with prehabilitation program using the
EQ-5D (EQ-5D level not specified). The method of valuation was only reported in
SOCRATES-Preserved trial. The responses were scored using the United States of
America (USA) and United Kingdom (UK) societal value weights with the USA index
score being reported in the study. Unlike SOCRATES, the analysis of the EMPEROR-
Preserved trial allowed analysis of EQ-5D data by quartile, and thus was used for the
economic analysis instead. Additionally, the population in EMPEROR-Preserved was
considered the most relevant for this decision problem.
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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 37. The disutility values
for Hepatic injury, urinary tract infection, acute renal failure, volume depletion and bone
fracture were derived from patient-level analysis of the EMPEROR-Preserved trial as
the trial EQ-5D scores were deemed more reflective of the population of interest than
the available estimates from the literature (172). The disutility associated with genital
infection was sourced from Sullivan 2016 which provides a catalogue of disutility
values for the UK (174). 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. These responses were mapped to EQ-5D-3L, and
subsequently valued using UK-specific EQ-5D tariffs. The disutilities for
hypoglycaemic events were identified as the most appropriate data based on the
inclusion in the recently approved NICE appraisal for empagliflozin in the HFrEF
population (1). The disutility value for hypotension was assumed equal to that of

essential hypertension and taken from literature (175).
B.3.4.5 Health-related quality of life experienced in each health state

KCCQ-CSS health state-specific utility values were derived from the HRQoL equation
shown in Table 35 based on EQ-5D data from EMPEROR-Preserved (172). 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
(ischaemic cause of HF and history of HHF). The estimation of QALYs was determined
by KCCQ-CSS state occupancy over time, and the incidence of discrete clinical events
such as HHF and AE (urinary tract infection, genital mycotic infection, acute renal
failure, hepatic injury, volume depletion, hypotension, hypoglycaemic event, bone
fracture and ketoacidosis) 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.
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B.3.4.6 Health-related quality of life over the course of the disease

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 AE, which were
included in the model as time-varying predictors (Section B.3.4.1). There were no
statistically significant differences in EQ-5D scores between the two treatment groups
in the EMPEROR-Preserved trial, hence the treatment was not a predictor in the utility

equation.
B.3.4.7 Baseline HRQoL

The baseline utility values were contingent on the KCCQ-CSS quartile health states
and were derived from the EMPEROR-Preserved data.

B.3.4.8 Adjusted health state utility values

As the trial-derived utility value for KCCQ-CSS quartile 4 (JJl}) was higher than the
utility of UK general population aged 60 to 69 years (0.723) reported by Sullivan et al.
2011, an age adjustment was applied (176). Under this adjustment, utility values for
KCCQ-CSS quartile 1-3 were reduced by the relative difference between EMPEROR-
Preserved observed utility for KCCQ-CSS quartile 4 and published utility of UK general
population aged 70 to 79 years (176). 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-Preserved derived health state

utility values, which was considered in a scenario analysis.
B.3.4.9 Summary of utility values

The health state utility values and disutilities associated with clinical events and AE
included in the CEA are outlined in Table 37. Health state utility values and HHF
disutility values were derived from the linear mixed-effects regression of EQ-5D data
from the EMPEROR-Preserved trial. The AE disutility values were either derived from

the trial data or identified from targeted literature searches.
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Table 37. Summary of utility values for cost-effectiveness analysis

Parameter Mean SE Source and justification Reference in the
Utility submission

Without Age adjustment

KCCQ-CSS: 0 to <55 ||l | Based on  EMPEROR- | B.3.4.1 and Table
(Quartile 1) Preserved trial data analyses | 36.

(172)
kceca-css: 550 <75 | R | TR B.3.4.1 and Table
(Quartile 2) 36.
kcca-css: 750 <90 | | TN B.3.4.1 and Table
(Quartile 3) 36.
kccQ-css: 90 to 100 | | B.3.4.1 and Table
(Quartile 4) 36.
With Age adjustment (base case)
KCCQ-CSS: 0 to <55 ||l | Based on  EMPEROR- | B.3.4.1 and Table
(Quartile 1)* Preserved trial data analyses | 36.

(172)
kcca-css: 550 <75 | R | TR B.3.4.1 and Table
(Quartile 2)* 36.
kKcca-css: 7510 <90 | | TN B.3.4.1 and Table
(Quartile 3)* 36.
kKceca-css: 90t0 100 | | B.3.4.1 and Table
(Quartile 4)* 36.
Clinical Event Disutility
HHF Bl B s on EMPEROR-

Preserved trial data analyses 263'4'1 and Table

(172) :
AE Disutilities

Il N

B.3.4.1, Table 36,

Hepatic injury and B.3.4.4.

B.3.4.1, Table 36,
Based on EMPEROR- | 3nd B.3.4 4.

Preserved trial data analyses
(172) B.3.4.1, Table 36,
and B.3.4.4.

Urinary tract infection

Acute renal failure

B.3.4.1, Table 36,

Volume depletion and B.3.4 4.

B.3.4.1, Table 36,

Bone fracture and B.3.4 4.

B.3.4.1, Table 36,

H AN
Hypotension and B.3.4.4.

Sullivan 2006 (175)
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Parameter Mean SE Source and justification Reference in the
Utility submission
ot ot N0y |SS4T TR %
Hypoglycaemic event B Bl Zc;l?rtil?%(;ﬂ, Peasgood 2016 5{%%_13;_411?“(3 36,
Ketoacidosis B Bl Zc;l?rtil?%(;ﬂ, Peasgood 2016 5{%%_13;_411?“(3 36,

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-Preserved study applied to general population utility for people aged 60 to 69 years
reported by Sullivan et al. 2011 (176)

A Set equal to UK general population utility for people aged 60 to 69 years reported by Sullivan et al. 2011 (176)
A Disutility for hypotension in the US population reported by Sullivan 2006 due to lack of UK population values (175)

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 chronic HF with EF >40. The same SLR protocol was used for
TA733, but only studies for patients with an EF<40% were included in the PRISMA
diagram. Full details of the process and methods are provided in Appendix I. In

summary, no relevant studies were identified for inclusion in this SLR.
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 the base case analysis, empagliflozin + SoC is compared to SoC
alone (i.e., usual therapies treating CV comorbidities). The drug costs for empagliflozin

and the SoC therapies were extracted from the NHS Electronic Drug Tariff (179).

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 (3, 20). Costs of devices were not
included as patients were assumed to have undergone procedures for these

treatments before entering the model.
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A summary of the pack cost, pack size, strength, dosage, daily and monthly cost are
provided in Table 38.
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Table 38: Technology and comparator unit costs

Drug class Treatment ::IGI(I:\III(S) et sPia:ek (Sr:‘r;)n gth Daily dosage | Daily cost :\:n:sr:thly Source
SGLT2i Empagliflozin £36.59 28 pills 10 mg 10 mg £1.31 £39.78
ARNI Sacubitril valsartan £91.56 56 pills 200 mg 400 mg £3.27 £99.53
Ic;ic:ﬁgtics Furosemide £0.70 28 pills | 40 mg 80 mg £0.05 £1.52
Captopril £1.66 56 pills 50 mg 100 mg £0.06 £1.80
Enalapril £4.95 28 pills 20 mg 20 mg £0.18 £5.38
ACEI Lisinopril £0.91 28 pills 20 mg 20 mg £0.03 £0.99
Ramipril £1.06 28 pills 10 mg 10 mg £0.04 £1.15 NHS electronic drug
Trandolapril £1.68 14 pills 0.5mg 1.5mg £0.36 £10.96 tariff database March
Bisoprolol £0.92 28 pills 10 mg 10 mg £0.03 £1.00 2022 (180)
BB Carvedilol £1.24 28 pills 25 mg 50 mg £0.09 £2.70
Metoprolol £1.44 28 pills 100 mg 100 mg £0.05 £1.57
Nebivolol £27.39 28 pills 10 mg 10 mg £0.98 £29.77
Candesartan £1.41 28 pills 32 mg 32 mg £0.05 £1.53
ARBs Valsartan £14.69 28 pills 160 mg 320 mg £1.05 £31.94
Losartan £1.20 28 pills 100 mg 150 mg £0.06 £1.96
MRA Eplerenone £9.43 28 pills 50 mg 50 mg £0.34 £10.25

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; 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 chronic HF with EF >40%
are outlined in Table 39 and Table 40. 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) (181).

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) (182). Their analysis produced an equation with
coefficients interpreted as linear effects on expected inpatient costs for complications,
which was used in the CEA to estimate costs of a fatal MI, fatal IHD, and fatal stroke
for a male aged <65 years and 265 years and a female aged <65 years and =65 years.
Characteristics of EMPEROR-Preserved 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.

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 CPRD, as reported by McMurray
and colleagues (2018), which was converted from annual to monthly frequency (183).
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
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emergency medicine (codes VB01Z to VB11Z, and VB99Z) (184, 185). All disease
management costs were inflated to 2021 by applying the consumer price health

inflation factor from Eurostat (179).
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Table 39. CV events management unit costs

CV events Unit cost per event (inflated to 2021) Cost source

NHS 2019-2020; Weighted average of non-

HHF £3,258.58 elective long stay HRG codes; EBO3A: EBO3E
(181)

CV death £4,295.01 Alva 2015 (182)

Non-CV death* £0.00 Assumption

Abbreviations: CV, cardiovascular; HHF, hospitalisation for heart failure; HRG, healthcare resource group
Notes: 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-Preserved Clinical trials report (172).
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Table 40. Disease management resource use and unit costs

Monthly frequency for

Monthly cost per patient for

Disease management costs | Unit cost per event all . KCCQ-CSS all KCCQ-CSS quartiles Cost source
quartiles

GP visit £39.23 0.999 £39.23 PSSRU 2021, Code 10.3b (9.22 minutes
per patient contact) (184)

Cardiologist visit £143.12 0.0022 £0.31 PSSRU 2021, Cardiology non-admitted
face to face and follow-up visit (184)

A&E referral £188.63 0.0004 £0.08 PSSRU 2021, weighted mean (HRG codes:
VB01Z-VB11Z, VB99Z) (184)

Total cost £39.62

Abbreviations: A&E, accident and emergency; GP, general practitioner; HRG, healthcare resource group; KCCQ,-CSS Kansas City Cardiomyopathy Questionnaire — clinical summary score; PSSRU,

personal social services research unit.

*Monthly frequency: McMurray et al (2018) (183)
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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 in Table 41Error!
Reference source not found. below. The acute cost of an outpatient visit was based
on costs for GPs, 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) 2021 (184). 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 41), while self-treated patients were assumed to receive
over-the-counter treatment, thus incurring no costs to the health care payer. The
distribution of visit types for management of AE was based on assumption, as UK-
specific data was not available and the event rate was derived from the EMPEROR-
Preserved trial (172, 186). All AE costs were inflated to 2021 by applying the consumer

price health inflation factor from Eurostat (179).
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Table 41. Adverse event management unit costs, event rate and frequencies of distribution

Adverse

management costs

event

Weighted
average
(2021)

cost

Outpatient*

Inpatient

Event rate for overall CHF
with EF >40% (per 1,000
patient-years)**

Unit cost
(inflated to
2021) (%)

Unit cost (inflated to 2021)
(%)

Empagliflozin

SoC +SoC

Inpatient cost source

Urinary tract infection

£39.23

£39.23 (100%)

£1,799.08 (0%)

4.53 5.56

NHS 2019-20; weighted
average of HRG codes:
LAO4H, LA04J-N, LA04P-S,
kidney or wurinary tract
infections, non-elective long
or short stay

Genital mycotic infection

£39.23

£39.23 (100%)

£1,300.67 (0%)

0.39 1.2

NHS 2019-20 weighted
average of HRG codes:
WJ03A-G, standard infection
diseases, non-elective long or
short stay

Acute renal failure

£2,067.24

£39.23 (0%)

£2,067.24 (100%)

7.26 6.87

NHS  2019-20;
average of HRG
LAO7H, LAO7J-N, LAO7P,
acute kidney injury, non-
elective long or short stay

weighted
codes:

Hepatic injury

£1,301.74

£39.23 (50%)

£2,564.25 (50%)

2.84 2.08

NHS 2019-20; weighted
average of HRG codes:
GCO1C-F, liver failure
disorders, non-elective long
or short stay

Volume depletion

£39.23

£39.23 (100%)

£1,507.16 (0%)

5.38 6.78

NHS 2019-20; weighted
average of HRG codes:
KC05G-H, KC05J-N, fluid or
electrolyte disorders, non-
elective long or short stay
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Event rate for overall CHF

Outpatient* Inpatient with EF >40% (per 1,000
Ad Weighted patient-years)**
verse event | .verage  cost| .. . Inpatient cost source
BT RN e (2021) P oSt | ynit cost (inflated to 2021) Empaglifiozin
(inflated to (%) SoC +SoC
2021) (%) °
NHS 2019-20; weighted
] . . average of HRG codes:
Hypotension £39.23 £39.23 (100%) | £1,976.92 (0%) 4.8 5.88 EB14A-E, other acquired
cardiac  conditions, non-
elective long or short stay
NHS 2019-20; weighted
average of HRG codes:
Hypoglycaemic event** £699.99 £39.23 (50%) £1,360.75 (50%) 1.41 1.31 KAO8A-C, other endocrine
disorders, non-elective long
or short stay
NHS 2019-20; weighted
average of HRG codes:
Bone fracture £3,098.62 £39.23 (0%) £3,098.62 (100%) 2.30 243 HD39D-H, pathological
fractures, non-elective long or
short stay
Cough £39.23 £39.23 (100%) | N/A 0.00 0.00 N/A
Dizziness £39.23 £39.23 (100%) | N/A 0.00 0.00 N/A
Ketoacidosis £632.55 £39.23 (50%) | £1,225.87 (50%) 0.78 0.90 Eggzé(_)é)g-zo; (HRG codes:

Abbreviations: CHF, Chronic heart failure; EF, Left ventricle ejection fraction; HRG, healthcare resource group; N/A, not applicable;

tract infection.

*Outpatient source: PSSRU 2021, Code 10.3b (9.22 minutes per patient contact) and inflated to 2021 (184)
**Event rate source: EMPEROR-Preserved Clinical trials report (172)
NHS 2019-20 reference: National Health Service (NHS). National Schedule of NHS Costs - Year 2019-20 (181)

NHS, National Health Service; SoC, standard of care; UTI, Urinary
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B.3.5.4 Miscellaneous unit costs, indirect costs and resource use

There are no miscellaneous unit costs, indirect costs and resource use are not

captured.

B.3.6 Severity

Not applicable.

B.3.7 Uncertainty

Not applicable.
B.3.8 Summary of base case analysis inputs and assumptions

B.3.8.1 Summary of base case analysis inputs

Table 42. Summary of variables applied in the economic model

Variable Value SE Distribution Reference
Baseline characteristics

Age (years) 71.9 0.12 NA

Male 55.3% 0.01 NA

kcca-css | I I NA

Q1: 0-<55.73

kcca-css | I N NA

Q2:

55.73-<73.96

kcca-css | I ] NA

Q3:

73.96-<88.02

kcca-css | N | NA T

Q4: able 28

88.02-100

Ischaemic HF 35.4% 0.01 NA

Treatment use NA

at baseline

ACE]| 40.2% 0.01 NA

ARB 38.7% 0.01 NA

ARNI 2.2% 0.00 NA

MRA 37.5% 0.01 NA

BB 86.3% 0.00 NA

Loop Diuretics | 67.7% 0.00 NA
Monthly KCCQ-CSS transition matrix — months 0-3, Empagliflozin + SoC

KCCQ[1,1] | ] Dirichlet Table 28

KCCQ [1,2] [ | [ | Dirichlet
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Variable Value SE Distribution Reference
KCCQ [1,3] | | Dirichlet
KCCQ [1,4] | I Dirichlet
KCCQ [2,1] | ] Dirichlet
KCCQ [2,2] H | Dirichlet
Kcca [2,3] || ] Dirichlet
KCCQ [2,4] | ] Dirichlet
KCCQ [3,1] H | Dirichlet
KCCQ [3,2] | ] ] Dirichlet
KCCQ [3,3] | ] Dirichlet
KCCQ [3,4] H | Dirichlet
KCCQ [4,1] | I 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
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 28
KCCQ [3,1] | ] Dirichlet
KCCQ [3,2] I ] Dirichlet
KCCQ [3,3] I ] Dirichlet
KCCQ [3,4] | ] Dirichlet
KCCQ [4,1] I ] Dirichlet
KCCQ [4,2] I ] Dirichlet
KCCQ [4,3] | ] Dirichlet
KCCQ [4,4] | ] ] Dirichlet

Monthly KCCQ-CSS transition matrix — months 9+, Empagliflozin + SoC
KCCQ [1,1] I ] Dirichlet
KCCQ [1,2] | I Dirichlet
KCCQ [1,3] I ] Dirichlet
KCCQ [1,4] I ] Dirichlet
KCCQ [2,1] I I Dirichlet '
KCCQ [2,2] I ] Dirichlet Ererf‘;e e
KCCQ [2,3] I - Dirichlet cource Tt
KCCQ [2,4] ] | ] Dirichlet found.
KCCQ [3,1] I ] Dirichlet
KCCQ [3,2] I ] Dirichlet
KccaQ [3,3] ] ] Dirichlet
KCCQ [3,4] I ] Dirichlet
KCCQ [4,1] I ] Dirichlet
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Variable Value SE Distribution Reference
KCCQ [4,2] | | Dirichlet
KCCQ [4,3] ] N Dirichlet
KCCQ [4,4] | | ] Dirichlet
Monthly KCCQ-CSS transition matrix — months 0-3, Placebo + SoC
KCCQ [1,1] H | Dirichlet
KCcQ [1,2] | | Dirichlet
KCCQ[1,3] | ] Dirichlet
KCCQ [1,4] H | Dirichlet
KCCQ [2,1] | ] ] Dirichlet
KCCQ [2,2] | ] Dirichlet
KCCQ [2,3] H | Dirichlet
KCCQ [2,4] | ] Dirichlet Table 28
KCCQ [3,1] || ] Dirichlet
KCcaQ [3,2] ] ] Dirichlet
Kcca [3,3] ] ] Dirichlet
KCCQ [3,4] || ] Dirichlet
KCCQ [4,1] ] ] Dirichlet
KCCQ [4,2] | I Dirichlet
KCCQ [4,3] || ] Dirichlet
KCCQ [4,4] ] ] Dirichlet
Monthly KCCQ-CSS transition matrix — months 4-8, Empagliflozin + SoC
KCCQ [1,1] | I Dirichlet
KCCQ[1,2] | | ] Dirichlet
KCCQ[1,3] | ] Dirichlet
KCCQ [1,4] | I Dirichlet
KCCQ [2,1] I ] Dirichlet
KCCQ [2,2] I ] Dirichlet
KCCQ [2,3] | ] Dirichlet
KCCQ [2,4] I ] Dirichlet Table 28
KCCQ [3,1] I ] Dirichlet
KCCQ [3,2] | ] Dirichlet
KCCQ [3,3] I ] Dirichlet
KCCQ [3,4] I ] Dirichlet
KCCQ [4,1] | I Dirichlet
KCCQ [4,2] I ] Dirichlet
KCCQ [4,3] I ] Dirichlet
KCCQ [4,4] | ] Dirichlet
Monthly KCCQ-CSS transition matrix — months 9+, Empagliflozin + SoC
KCCQ [1,1] I ] Dirichlet
KCCQ [1,2] I ] Dirichlet
KCCQ [1,3] | ] Dirichlet
KCCQ [1,4] ] I Dirichlet Table 28
KCCQ [2,1] I ] Dirichlet
KCCQ [2,2] | I Dirichlet
KCCQ [2,3] I | Dirichlet
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Variable Value SE Distribution Reference
KCCQ [2,4] | | Dirichlet
KCCQ [3,1] | ] ] Dirichlet
KccaQ [3,2] | ] Dirichlet
KCCQ [3,3] H | Dirichlet
KCCQ [3,4] | ] ] Dirichlet
KCCQ [4,1] | ] Dirichlet
KCCQ [4,2] | ] Dirichlet
KCCQ [4,3] | ] ] Dirichlet
KCCQ [4,4] | | ] Dirichlet
Adjusted CV mortality su equation* (Weibull
Shape - - Multivariate
normal
Scale - - Multivariate
normal
Treatment | ] Multivariate
effect normal Table 30
KCcQ Q2 ] ] Multivariate
normal
KCCQ Q3 || || Multivariate
normal
KCCQ Q4 | || Multivariate
normal
Adjusted all-cause mortality survival equation* (Weibull)
Shape - - Multivariate
normal
Scale - - Multivariate
normal
Treatment - - Multivariate
effect normal Table 30
KCCQ Q2 - - Multivariate
normal
KCCQ Q3 - - Multivariate
normal
KCCQ Q4 - - Multivariate
normal
Adjusted generalised estimating equations for HHF events* (Poisson)
Intercept - - Multivariate
normal
Treatment ] I Multivariate
effect normal
KCCQ Q2 | | Multivariate Table 32
normal
KCCQ Q3 - - Multivariate
normal
KCCQ Q4 [ | ] Multivariate
normal
Treatment discontinuation equations* (Generalised Gamma)
Mu - - Multivariate
normal Table 30
Sigma - - Multivariate
normal
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Variable Value SE Distribution Reference
Q - - Multivariate
normal
KCcQ Q2 | ] Multivariate
normal
KCCQ Q3 | ] Multivariate
normal
KCCQ Q4 | ] Multivariate
normal
Adverse events rates per 100 patient-years — Empagliflozin + SoC
Urinary  tract | N [ Gamma
infection
Genital Mycotic | ] Gamma
Infection
Acute renal | IR ] Gamma
failure
Hepatic injury | | ] Gamma Table 35
Volume I [ ] Gamma
depletion
Hypotension - - Gamma
Hypoglycaemic || | Gamma
event
Bone fracture | I | ] Gamma
Ketoacidosis I | Gamma
Adverse events rates per 100 patient-years — Placebo + SoC
Urinary  tract | N [ Gamma
infection
Genital Mycotic || N Gamma
Infection
Acute renal | ] Gamma
failure
Hepatic injury [ ] [ ] Gamma Table 35
Volume - - Gamma
depletion
Hypotension | | Gamma
Hypoglycaemic || ] Gamma
event
Bone fracture | ] Gamma
Utility values — health states and events (with age adjustment)
KCCQ Q1 [ | Beta
KccQ Q2 I | Beta
KCCQ Q3 [ | ] Beta Table 36
KCCQ Q4 || | Beta
HHF I | Beta
(decrement)
Disutility values — adverse events
Urinary  tract || I Beta Table 36
infection
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Variable Value SE Distribution Reference
Genital Mycotic || | Beta
Infection
Acute renal | IR | ] Beta
failure
Hepatic injury || | Beta
Volume - - Beta
depletion
Hypotension - - Beta
Hypoglycaemic - - Beta
event
Bone fracture - - Beta
Ketoacidosis - - Beta
Treatment acquisition costs per cycle
Empagliflozin + ] [ N/A Table
SoC 38Error!
SoC | ] || N/A Reference
source not
found.
Health state and event costs
HHF I I Gamma
CV death || [ Gamma Table 40
Non-CV death | 0.000 N/A N/A
Adverse event unit costs
Urinary  tract | N [ Gamma
infection
Genital Mycotic ] [ Gamma
Infection
Acute renal - - Gamma
failure
Hepatic injury | | Gamma Table 41
Volume - - Gamma
depletion
Hypotension I ] Gamma
Hypoglycaemic || | Gamma
event
Bone fracture [ ] Gamma
Ketoacidosis - - Gamma
Resource use costs: Monitoring costs per cycle
GP visit ] I Gamma
Cardiologist | I || Gamma Table 40
visit
A&E referral - - Gamma

Abbreviations: A&E, Accident & Emergency; ACEI, Angiotensin-converting enzyme inhibitors; ARB, Angiotensin receptor blocker;
ARNI, angiotensin receptor-neprilysin inhibitor; BB, beta-blocker; CSS, clinical summary score; CV, Cardiovascular; GP, General
Practitioner; HHF, hospitalisation for heart failure; KCCQ, Kansas City Cardiomyopathy Questionnaire; MRAs, Mineralocorticoid
receptor antagonists; SE, standard error; SoC, Standard of Care, .
*The standard errors reported here are different from the standard errors obtained directly from regression models due to
Cholesky decomposition.
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B.3.8.2 Assumptions

The CEM uses the best available evidence to inform the decision problem, in line with

the NICE reference case and guidance on methods of appraisal (166). Table 43

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-Preserved trial). All assumptions have bused
in the EF <40% TA773 submission and have been included in this EF >40% model.

Table 43. Summary of key assumptions of the economic analysis

comorbidities that
could have influenced
the shapes of the
statistical

extrapolations for HHF
and death (CV or all-

internal validity i.e., the model-
predicted outcomes match
those  observed in the
EMPEROR-Preserved trials

# Assumption Justification Likely bias Was this
assumption
included in
initial Company
Submission in
TA733?

Model structure

1 Clinical event rates | Generalisability of trial | None Yes

observed in clinical | outcomes to clinical practice is
practice mirror those | a common assumption in
observed in the | economic modelling. In this
EMPEROR-Preserved | case, the plausibility of the
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.
To assess this assumption, the
event rates in EMPEROR-
Preserved vs PULSE are
compared in Document B,
B.3.13. Exploring uncertainty

2 There may be | This choice was made to | None Yes

unmodelled ensure that the model retains
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# Assumption Justification Likely bias Was this
assumption
included in
initial Company
Submission in
TA733?

cause). The risk
equations incorporated
only treatment and
time-varying KCCQ-
CSS states as
predictors

3 The rate of clinical | This is a limitation inherent to | None Yes

events beyond trial | most cost-effectiveness
duration is based on | models. No reliable external
extrapolation of the | source was available for
observed trial | estimating the rate of clinical
outcomes events beyond the duration of
the trial. An external validation
exercise was undertaken to
assess the validity of the long-
term extrapolations (see
B.3.13.1.2).
4 The HHF risk | Fatal HHF events were | None Yes
equations/rates  only | captured by the CV death risk
account for non-fatal | equations.
HHF events
5 Patients can | This is a commonly utilised | None Yes
experience non-CV | approach in cost-effectiveness
death in any KCCQ- | analysis to model death from
CSS health state. Non- | other causes.
Ccv death was
computed separately
6 Temporal changes in | This is unlikely to affect cost- | None Yes
serum concentration of | effectiveness results since risk
NT-pro-BNP, a | equations account for the time-
prognostic biomarker | updated KCCQ-CSS health
of HF morbidity and | states and therefore capture
mortality, were not | the impact of disease severity
modelled on all-cause mortality, CV
mortality, and the risk of HHF.
7 The model assumed | This is a simplifying assumption | None Yes
that all patients receive | not expected to lead to bias in
appropriately titrated | favour of any treatment.
doses of HF
medications (e.g.,
ACEI/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

8 The modelled rate of | Patients were on SoC before | None Yes
treatment receiving add-on empagliflozin
discontinuation is | and it is reasonable to assume
derived from  the | that they will continue on SoC
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death was assumed to
be zero under all
interventions

expected to be the same
across all interventions, hence
this assumption is unlikely to

# Assumption Justification Likely bias Was this
assumption
included in
initial Company
Submission in
TA733?

EMPEROR-Preserved | after discontinuing
trial, with a rate of | empagliflozin to the same
discontinuation applied | extent as they discontinued
to all patients receiving | SoC in the comparator arm.
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
HRQoL
9 KCCQ-CSS health | This is common practice when | None Yes
state-specific utility | EQ-5D data is available from
values and disutilities | the clinical trial and in line with
associated with AE and | the NICE reference case (166)
HHF were derived from
pooled analysis of the
EMPEROR-Preserved
ITT population after
mapping EQ-5D-5L
data to EQ-5D-3L and
applying the UK value
sets
10 | The model assumed no | This is a simplifying assumption | None Yes
decline in HRQoL with The model includes
increasing age 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.
Costs and resource use
11 The cost of non-CV | The rate of non-CV death is | None Yes
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# Assumption Justification Likely bias Was this
assumption
included in
initial Company
Submission in
TA733?

have an impact on incremental
cost-effectiveness.
Nevertheless, a non-zero cost
was provided to allow testing of
the alternative costing
scenario.

12 | The model does not | Thisis a simplifying assumption | None Yes
include the cost of | and is not expected to bias any
medical devices or | treatment.

their implantation. It is
assumed that patients
with ICD/CRT had the
device implanted prior
to entering the model

Abbreviations: AE, adverse events; ACEI, Angiotensin-converting enzyme inhibitors; ARB, Angiotensin receptor blocker; NT-pro-
BNP, N-terminal pro hormone B-type natriuretic peptide; CHF, Chronic heart failure; 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; HRQoL, health-related quality of life; ICD, implantable cardioverter-defibrillator; ITT, intention to
treat; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire Clinical Summary Score; EF, Left ventricular ejection fraction;
NICE, National Institute for Health and Care Excellence; NT-pro-BNP, N-terminal pro; SGLT2i, sodium-glucose co-transporter 2
inhibitor; UK, United Kingdom.

B.3.9 Base case results

B.3.9.1 Base case incremental cost-effectiveness analysis results

Table 44 shows the discounted results of the EF >40% 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 [ LYs, ]l QALYs, and |}
per patient. Treatment with empagliflozin as an add-on to SoC resulted in an increase
in LYs (+JJl] per person) and QALYs (+Jl}) per person at an additional cost of
£1,682 per person. Empagliflozin as an add-on to SoC was cost-effective against SoC
alone at usual threshold values with an ICER of £14,429 per QALY gained. During
Technical Engagement for TA773, the BMJ EAG noted that the LYs gained in the
model was lower than the QALYs gained, which appears counterintuitive. Bl would
like to proactively address this query as it is also relevant for this appraisal. The overall
sum of QALYs across all health states (-) is slightly higher than the overall sum of
LYs (Jl]). This is because each health state is associated with a difference utility
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value and the final QALY value is the utility weighted sum of the life years across all
KCCQ-CSS health states.

The clinical outcomes of the model and disaggregated results of the base case

analysis are presented in Appendix J.

Table 44. Base case analysis: deterministic results for empagliflozin as an add-
on to standard care

Technolo Total costs | Total Total Incremental | Incremental | Incremental | ICER

XY (e LYG | QALYs | costs (£) LYG QALYs (E/QALY)
SoC || B - - - -
Empaglifiozin | I I I N T £14,429
+ SoC

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; SoC, standard of care; QALYs, quality-adjusted
life year.
Currently, empagliflozin is indicated for patients with EF <40% with a base case ICER
from the EF <40% technical engagement model of £4,999 per QALY demonstrating

that empagliflozin is also cost-effective in this patient population as an add-on to SoC.

Empagliflozin can be considered cost-effective across the whole chronic HF
population irrespective of LVEF status. This is based on the present analysis for the
LVEF >40% population with an ICER of £14,429 and the cost-effectiveness results for
the LVEF <40% population, which when combined, suggests empagliflozin is cost-

effective across the full phenotype spectrum of chronic HF.

B.3.10 Exploring uncertainty

This appraisal represents a low risk to the committee in making a recommendation for
routine commissioning for HF patients with an EF 240%. To provide the committee
with confidence that empagliflozin represents value for money, and thus is suitable for
routine commissioning, structural and parameter uncertainty has been assessed in the
probabilistic and deterministic sensitivity analyses (B.3.10.1 to B.3.11). An internal and

external validation of the cost-effective outcomes are provided in B.3.13.1.
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Further, the BMJ EAG provided a thorough critique of the evidence in TA733, based
on the EMPEROR-Reduced and PULSE (CPRD) study. The same cost utility and
budget impact models have been re-used in this appraisal, however utilizing the pivotal
EMPEROR-Preserved trial instead. PULSE has also been used in this appraisal to
validate model outcomes. To expedite the assessment of this appraisal, the company
has run scenario analyses for the issues that the BMJ identified during technical
engagement (B.3.14). A rationale is provided where an issue hasn’t been explored in

this appraisal.
B.3.10.1 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.
However, for KCCQ-CSS transition probabilities, the standard error was assumed
equal to 10% of the mean value to avoid iterations where the observed trend in the
transition probabilities with empagliflozin + 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
AE and HHF were assigned the beta distribution. Details on the parameters, SEs, and

assumptions are provided in Sections B.3.8.1 and B.3.8.2. One thousand PSA

Company evidence submission template for empagliflozin for treating chronic heart failure with
left ventricular ejection fraction >40% [ID3945]

© Boehringer Ingelheim (2022). All rights reserved Page 148 of 180



iterations were run to ensure that stable estimates of the required model outputs were

obtained.

Results of the PSA are summarised in the cost-effectiveness scatterplot (Figure 23).
Each point on the chart represents a single probabilistic iteration of the model. Of the
1000 iterations, [JJl% were below the WTP threshold of £25,000, indicating a high
likelihood that empagliflozin + SoC would be costlier and more effective than SoC
alone. The cost-effectiveness acceptability curve in Figure 23 illustrates the probability
of empagliflozin + SoC being cost-effective at different willingness-to-pay thresholds.
At willingness-to-pay thresholds of £20,000 and £30,000 per QALY, the probability of
empaglifiozin + SoC being cost-effective is always above % (Il % and |
%, respectively) meaning that in the majority of the iterations of the PSA the ICER was
below the £20,000 threshold. Those probabilities reflect the finding that empagliflozin
+ SoC is more costly compared to SoC, which is aligned with the findings of the
deterministic analysis. Drug acquisition costs are the main driver of the observed
higher healthcare costs for empagliflozin + SoC, with some cost savings occurring due
to the lower rates of HHF for empagliflozin + SoC. The higher incremental costs for
empagliflozin + SoC result in most PSA iterations being located in the top (north)
quadrants, and specifically in the top right quadrant, demonstrating the higher
incremental costs, but also the higher incremental QALYs for empagliflozin + SoC

compared to SoC alone.

The ICER from the PSA converged at £14,564 per QALY (Table 45) which was
comparable to the deterministic ICER of £14,429/QALY (Table 44). Overall, the results
from the PSA are in accordance with the results of the deterministic analysis, indicating
the robustness of the findings, which shows that the ICER is below the £20,000
threshold.

Table 45. 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

cnorgiozn T .-

Empagliflozin | ] || || £14, 564

+ SoC
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Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; QALY's, quality-adjusted life years; SoC, standard
of care.

Figure 23. Base case analysis: cost-effectiveness scatterplot

Abbreviations: QALY, Quality-adjusted Life Years; WTP, willingness to pay
Key: WTP threshold line drown at £25,000.

Figure 24. Base case analysis: cost-effectiveness acceptability curve

Abbreviations: QALY, quality-adjusted life-year; SoC, standard of care; WTP, willingness to pay

Company evidence submission template for empagliflozin for treating chronic heart failure with
left ventricular ejection fraction >40% [ID3945]

© Boehringer Ingelheim (2022). All rights reserved Page 150 of 180



B.3.10.2 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 by 48% from the deterministic base case value of
£14,429/QALY to a high of £21,339/QALY (Table 46). Other highly impactful
parameters included the disutility for HHF, the treatment effect associated with
empagliflozin + SoC for CV mortality, inclusion of treatment discontinuation for

empagliflozin + SoC, and cost of treatment for HHF.

Table 46. Deterministic sensitivity analyses inputs and results

Scenario Base Case | Alternative Input Description ICER per QALY
Input
Base case - - - £14.429
Clinical Inputs
CV & All-cause death: | Weibull Exponential Alternative £14,802
Distribution distribution
CV death: Treatment | | 0 -0.Removing | £15,297
effect treatment
effect
All-cause death: Adjust | Yes No Lifetable £14,685
with UK lifetable? adjustment
HHF: Treatment effect g 0 Removing £21,339
treatment
effect
Discontinuation: Generalised | Weibull Alternative £14,610
Distribution Gamma distribution
Include discontinuation? | Yes No Alternative £15,126
scenario for
discontinuation
Costs and Resource Use
Cost of HHF B [ Decrease by | £14,884
20%
[ ] Increase by | £13,974
20%
Cost of CV death B [ ] Decrease by | £14,557
20%
[ ] Increase by | £14,301
20%
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Scenario Base Case | Alternative Input Description ICER per QALY
Input
Unit Costs of Disease | Multiple Multiple Values Decrease by
monitoring Values 20% £14,357
Increase by
20% £14,501
Monthly Cost of Disease | [l [ Decrease by
Monitoring: KCCQ-CSS 20% £14,503
1st Quartile e Increase by
20% £14,355
Monthly Cost of Disease | [l [ Decrease by
Monitoring: KCCQ-CSS 20% £14,492
2nd Quartile e Increase by
20% £14,366
Monthly Cost of Disease | ||l [ Decrease by | £14,377
Monitoring: KCCQ-CSS 20%
3rd Quartile [ ] Increase by | £14,481
20%
Monthly Cost of Disease | ||l [ ] Decrease by
Monitoring: KCCQ-CSS 20% £14,272
4th Quartile [ Increase by
20% £14,512
Cost of AE management | Multiple Multiple Values Decrease by
Values 20% £14,480
Increase by
20% £14,378
Utilities
Utility: KccQ-css 1st | I [ ] Lower 95% Cl | £14,512
Quartile I Upper 95% Cl | £14,512
Utility: KccQ-cSS 2nd | I [ Lower 95% Cl | £14,359
Quartile I Upper 95% Cl | £14,499
Utility: kKccQ-cssS 3rd | I [ ] Lower 95% Cl | £14,491
Quartile e Upper 95% CI | £14,368
Utility: KccQ-css 4th | IR [ ] Lower 95% Cl | £14,633
Quartile I Upper 95% Cl | £14,233
Disutility: HHF [ [ Lower 95% Cl | £16,102
[ Upper 95% Cl | £12,947
Disutility: AE Multiple Multiple Values Lower 95% CI | £14,395
Values
Upper 95% Cl | £14 447
Settings
Time horizon Lifetime 10 years Lower range £16,890
20 years Upper range £13,860
Discount rate: cost 3.5% [ Lowerrange | £16,033
[ ] Upperrange | £14,273
Discount rate: health 3.5% [ Lowerrange | £11,758
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Scenario Base Case | Alternative Input Description ICER per QALY
Input

[ ] Upperrange | £15,591

Abbreviations: AE, 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 25. In conclusion, the ICER for empagliflozin + SoC relative to SoC alone
remained below £20,000/QALY across all parameter variations except for HHF
treatment effect (£21,339/QALY), with the majority of analyses resulting in ICERs
below £18,000/QALY.
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Figure 25.Tornado diagram

Abbreviations: AE, adverse events; CV, cardiovascular; hHF, hospitalisation for heart failure; ICER, incremental cost-effectiveness ratio; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire-
Clinical Summary Score
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B.3.10.3 Scenario analysis

Scenario 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. Error!
Reference source not found. provides a description of each scenario along with its
resulting ICER.

Table 47.Scenario Analyses: ICERs for empagliflozin as add-on to standard
care compared to standard care alone

Scenario Description ICER (Cost | % Change
in £/ QALY) | Relative to

Base Case
ICER

Base Case £14,429 N/A

One Use the KCCQ quartile transition matrix used for

Inflection months 4 to 8 in the model base case from | £22,000 52.47

Point month 4 to the end of the time horizon.

Mortality: Extrapolate CV and all-cause mortality

Log-normal outcomes using a log-normal distribution. £15,752 917

Mortality: Extrapolate CV and all-cause mortality £15.030 417

Log-logistic | outcomes using a log-logistic distribution. ' '

Mortality: Extrapolate CV and all-cause mortality

Exponential | outcomes using an exponential distribution. £14,802 259

Mortality: Extrapolate CV and all-cause mortality

Generalised | outcomes wusing a generalised gamma | £14,473 0.30

Gamma distribution.

Mortality: Extrapolate CV and all-cause mortality

Gompertz outcomes using a Gompertz distribution. £17,5583 21.65

Discontinuati | Extrapolate time to discontinuation for £14.610 195

on: Weibull empagliflozin using a Weibull distribution. ' '

Discontinuati | Extrapolate time to discontinuation for

on: Log- | empagliflozin using a log-normal distribution. £14, 808 2.63

normal

Discontinuati | Extrapolate time to discontinuation for

on: Log- | empagliflozin using a log-logistic distribution. £14,735 212

logistic

Discontinuati | Extrapolate time to discontinuation for

on: empagliflozin using an exponential distribution. £14 565 0.94

Generalised ’ '

Gamma

Discontinuati | Extrapolate time to discontinuation for

on: empagliflozin using a Gompertz distribution. £14,592 1.13

Gompertz
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Scenario Description ICER (Cost | % Change
in £/ QALY) | Relative to

Base Case
ICER

Utility:  Age | Use utility data as collected in the trial (KCCQ 4:

Adjustment : kccQ 3: [l KceQ 2: ; KCCQ £12 964 1015

Off 1: ), without adjusting KCCQ 4 to be equal ’ '

to UK general population utility.
Non-CV Assuming that non-CV deaths incur the same
Death Costs | costs as CV deaths. £14,958 3.67

Abbreviations: CV, cardiovascular; ERG, evidence review group; HHF, hospitalisation with heart failure; ICER, incremental cost-
effectiveness ratio; ITT, intention to treat population; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire-Clinical Summary
Score; KM, Kaplan-Meier; LVEF, left ventricular ejection fraction; OS, overall survival; SoC, standard of care; SGLT2i, sodium-
glucose co-transporter-2 inhibitors; TP, transition probabilities; UK, United Kingdom.

B.3.10.4 Summary of the assessment of uncertainty

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, and scenario analyses, demonstrate that ICER
is robust with respect to changes in model inputs (Section B.3.10.2 and B.3.10.1,

B.3.10.3, respectively).

In the deterministic sensitivity analyses, 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 by 48% from the base case value of £14,429/QALY to a high of
£21,339/QALY. Other highly impactful parameters included the disutility for HHF, the
treatment effect associated with empagliflozin + SoC for CV mortality, inclusion of

treatment discontinuation for empagliflozin + SoC and cost of treatment for HHF.

B.3.11 Subgroup analysis

As mentioned in Section B.2.7, the use of the ITT population for the CEA of
empagliflozin in chronic HF (EF >40%) was the most statistically robust approach
since EMPEROR-Preserved was not powered to evaluate the treatment effect in
subgroups. In the EMPEROR-Preserved trial, a reduction in HHF or adjudicated CV
death (composite primary outcome) was shown across multiple subgroups, including
age (<70 />70 years), sex (male/female), race (White, Black, Asian, other), body mass
index and prior therapies (ARNI/no ARNI). Given that the results for the subgroups
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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.3.12 Benefits not captured in the QALY calculation

The impact on the carer has not been included in the QALY calculation.
B.3.13 Validation

B.3.13.1 Validation of cost-effectiveness analysis
B.3.13.1.1 Internal validity

Internal validation was undertaken to assess the model’s ability to accurately predict
the observed outcomes from the EMPEROR-Preserved trial. The rates of HHF, CV
death and non-CV death observed during the average trial follow-up of 26 months
were compared with the economic model predictions over an 18-month time horizon.
Figure 26 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. The reduced set of
equation resulted in estimates that were closer to the estimates from the observed
data, meaning that the model’s predictions were more validated when using the
reduced list of predictors compared to using the extended list of predictors. Thus, the

reduced list of predictors was used as the base case.
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Figure 26. Comparison of observed and model-predicted event rates in the ITT
population: CV death, non-CV death, and HHF rates per 100 patient-years

B.3.13.1.2 External validity

As previously mentioned in Section B.2.1.2, the PULSE study was the best available
evidence to support this decision problem and considered appropriate for the validity
of the event rates projected by the model (48). The external validity of the economic
model predictions were checked against the observed rates of the PULSE study (48)
and the long-term predictions of non-CV mortality were closely aligned with the
observed rates of non-CV death in the PULSE study.

HHF and CV death rates predicted by the empagliflozin model were notably higher
than those observed in the PULSE study. the difference in HHF and CV-mortality rates
observed in EMPEROR-R and PULSE is likely due inaccurate recording of events in
PULSE rather than a clinically meaningful difference in the patient characteristics.
Although the differences in outcomes could be due to EMPEROR-R being enriched
with a ‘sicker’ population, this conclusion is very uncertain. The significant amount of
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missing data observed in the baseline characteristics in PULSE makes it impossible
to characterise a typical UK HF patient. Since PULSE relied on Office for National
Statistics (ONS) mortality data for primary cause of death, the rate of CV death is likely
to be under-recorded compared to EMPEROR-Preserved, where CV death was an
adjudicated endpoint. The summary of the comparison between the predicted model

outcomes and the observed rates from PULSE are presented in Table 48.

Table 48: Model-predicted vs observed rates per 100 patient-years in PULSE

Characteristics PULSE SoC (Events per 100 | Model simulation Pulse -
patient-years) Placebo (60 months) (Events
per 100 patient-years)

Non-CV mortality

CV mortality

All-cause mortality

HF hospitalisation

Abbreviations: CV, cardiovascular; HF, heart failure; SoC, standard of care.

B.3.14 Uncertainty explored during Technical Engagement for
TA733
During Technical Engagement for TA773, the BMJ EAG identified 12 issues or areas

of uncertainty in the clinical and economic evidence case. To leverage the work
already completed by the BMJ EAG for TA733, the same issues have been explored
in this appraisal for HF patients with an EF>40%. Table 49 describes each key issue
and how it has been addressed in this appraisal. For any issue that has not been
addressed in this appraisal, a rationale is provided. Table 49Table 50 shows that, like
in TA733, the ICERs are robust. This exploration of uncertainty provides the committee
with further confidence that empagliflozin in those with an EF >40% represents value

for money.

Table 49. Description of issues identified by the BMJ EAG during Technical
Engagement for TA733
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Issue Description Included | Rationale
in this
appraisal
Issue 1 Uncertainty
Generalisab | @ound  the
ility generalisability of
older the results from
subgroup EMPEROR' The PULSE study reported a mean age of 73
educed to  the in the HFPEF population, which was
older heart failure years in the P popu ’ .
with reduced comparable to 72 years in the ITT population gf
o ; EMPEROR-Preserved. Therefore, there s
ejection fraction | No limited evidence that using a subgroup by age
population imrie 9 a subgroup by ag
expected in linical as the preferred base case in the economic
tice model would offer a better representation of UK
practice. clinical practice than the ITT population.
The ERG
considered the
>65 years and <65
years subgroup.
Issue 2 Uncertainty As stated in B.2.7, the Europe subgroup is
Generalisab | @round the unlikely to be a better representation of UK
ility Europe difference in clinical practice than the ITT population. This is
subgroup efficacy of because the baseline characteristics and key
empagliflozin outcomes for the Europe subgroup were
compared with comparable to the ITT population, as reported
standard of care in in Appendix E. Thus, if the Europe subgroup
the Europe was used in the base case to estimate the
subgroup of ICER, it is likely to be similar to the ITT
EMPEROR- population.
Reduced No
Further, the use of data from Europe subgroup
to assess generalisability is not appropriate and
could contribute to existing ethnic inequalities in
health (149), contrary to the NICE’s Social
Value Judgments and the Equality Act 2010
(race is one of the protected characteristics)
(14). The Europe subgroup of EMPEROR-
Preserved was 99.0% 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 (139, 150)
Issue 3 Uncertainty
Comparator around the efflcagy Dapagliflozin is not a relevant comparator for
of  empagliflozin | No . :
X this appraisal
compared with
dapagliflozin
Issue 4 The EAG asked The Company base case for this appraisal
Waning of that the company assumed that the benefit of empagliflozin on
treatment conducted KCCQ is maintained from the end of the trial
effect scenario analyses period (Week 52) for the remaining duration of
where the effect of v a patient’s life.
e es
empagliflozin  on
KCCQ-CSS Although treatment waning is explored in Table
(sustained by the 50, it is not appropriate to adopt this as the
combination of the preferred base case for decision making. This is
proportion of because there is limited evidence to suggest
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Issue Description Included | Rationale
in this
appraisal
patients in the that there is a waning effect. The EMPA-REG
better KCCQ-CSS study — a CVOT trial of T2DM patients with
states in the multiple CV risk factors —showed that all-cause
empagliflozin arm mortality, CV-mortality and heart failure
at month 8 and the hospitalisation was sustained for 3.1 years
low probability of (Shown in Figure 1 of reference (130)).
disease Although KCCQ was not collected as part of the
progression for EMPA-REG study, it demonstrated a sustained
both SoC and consistent effect for empagliflozin over time.
empagliflozin arms This assumption is consistent with prior NICE
in month 9+) was appraisals for products in the same drug class.
waned over time in In the dapagliflozin appraisal in HFrEF (TA679),
the model the Committee concluded that “there was no
evidence for or against treatment waning in the
long-term. Clinical experts and stakeholders
confirmed that treatment with dapagliflozin
would likely be lifelong”.
Issue 5 A constant rate of
Assuming a hospitalisation was
constant assumed in the
rate of HHF TAb77.3 . A scenario analysis was conducted to fit
over time 2“ rmission, different models to show that the hazards are
owever, the EAG . o !
noted that this was el_th_er sm_ular to tlhe Poisson moc_iel or they are
misaligned with Yes clinically implausible. A constant increase in the
. ) rate of HHF was added to the HHF rate for each
increasing .
hospitalisation mode! cycle (1 month) at a constant increase
p
: over time.
rates over time as
observed for
patients with HF in
clinical practice.
Issue 6 The EAG was A scenario was implemented in the model to
Overestimat | concerned that the adjust the Poisson model used to estimate HHF
ion of HHF HHF was by fitting a joint regression model of the
in the UK overestimated in individual patient-level data from PULSE and
population the UK population the EMPEROR-Preserved trial. This was done
when using the Yes with a negative binomial model for the total
trial data number of HHF events observed for patients
compared to with follow-up duration as an offset, yielding a
PULSE. 0.44 rate-ratio adjustment factor when
comparing PULSE EF >40% patients and the
ITT Placebo arm of the EMPEROR-Preserved
trial
Issue 7 ;h? thEAG. not_eg A scenario was implemented in the model
Modelling of ¢ at there |sda rtl)sl where it was assumed that empagliflozin has no
mortality or i outhe direct or indirect survival benefit over SoC,
tcrzl;rt]r:;%t effect oﬁ including thel residenc_:y in KC_CQ-CSS. health
mortality because | Yes §tates. For this scenario, a Weibull function was
mortality is fitted to the OS KM data for the placebo arm of
di the EMPEROR-Preserved trial with no
ifferent for each . .
KCCQ state but treatment effect (i.e., CV or non-CV mortality
; was assumed to be the same) or KCCQ-CSS
the treatment . :
. predictors for the ITT population.
effect also impacts
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Issue

Description

Included
in this
appraisal

Rationale

mortality through
the treatment
coefficients in the
risk equations.

Issue 8
Overestimat
ion of
mortality in
the UK
population

In TA733, the EAG
noted differences
in the number of
CV-deaths and all-
cause deaths
observed in
PULSE vs the
Company’s model
for the =65 years
subgroup.

When an
adjustment to CV-
mortality and all-
cause mortality to
reflect the PULSE
HFrEF (prevalent
and incident
patients at index)
was applied to the
>65 years
subgroup in the
CE model, the
length of patient’s
life was extended
life-years and
resulted in higher
reduction in
number of HHFs.
This in turn,
resulted in a
decrease in the
ICER from £4,717
to £4,325/QALY
gained.

No

In this appraisal, the ITT population was used
to estimate cost effectiveness in the CE model.
This is because the mean age in the trial was
consistent with the mean age of patients in
PULSE for patients with an EF >40%. (73
years vs 72 years, respectively).

Issue 9

HHF
disutility

An additional
technical
engagement
scenario was
considered (Issue
9) which assumed
the HHF disutility
changed from 1
year (base case)
to 3 months
(scenario).

No

This scenario was not implemented based on
feedback from the patient experts at the TA773
committee meeting (1) who unanimously
agreed that the disutility could last for 1 year.

Issue 10

Quality of
life

During clarification
questions, the
EAG requested an

No

Please see response to issue 1.
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Issue

Description

Included
in this
appraisal

Rationale

regressions
for the UK
population

ICER for >65
subgroup. During
Technical
Engagement, the
ERG requested
the Company to
re-estimate the
QoL  regression
analysis for the
>65 years
subgroup, as the
ITT population had
been  previously
used with a binary
predictor for <65
and >65 years.

Issue 11

Sex
distribution
underlying
utility
estimates

In TA733, the
utility value,
0.7740. applied to
KCCCQ-CSS
health state 4 was
taken from
Sullivan et al. This
value was based
on a UK dataset
where 52% were
female.

This differed from
the gender
distribution in
EMPEROR-R and
PULSE (24%
females and 35%
females,
respectively).

No

Compared with EMPEROR-Reduced, the sex
distribution in EMPEROR-Preserved more
closely matched the distribution reported in
Sullivan et al (44.65% vs 52%, respectively).
Thus, exploration of this scenario is not relevant
for this appraisal

Issue 12
Quality of
life gains in
EMPEROR-
Reduced

Scenario
combining  issue
4,6,8,9,10, and 11

No

N/A as not all scenarios have been explored in

this appraisal.
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Table 50. Scenario Analyses: ICERs for each issue explored in this appraisal,
based on the scenarios run by the BMJ EAG for TA733

Scenario Description ICER % Change
(Cost in | Relative to
£ | | Base Case
QALY) ICER

Issue 4 Set the proportion of patients in | 5years | £16,139 | 11.85

Wanin of | the KCCQ-CSS quartiles under

Treatn?ent Effect the empagliflozin arm equal to Svears |£17,187 | 1911

those proportions in the SoC arm | 2years | £17,457 | 20.99

at5, 3,2 and 1 years 1year | £16,985 | 17.71

The TP between KCCQ-CSS quartiles for

treatment arm are set to the TPs for the SoC | £32,482 | 125.12
arm after 8 months

Issue 5 A constant increase to the HHF rate for each

Increased Risk of | treatment cycle. The increase varies by

HHF Over Time KCCQ-CSS quartile:

KCCQ-CSS 1st quartile: 0.4% £13,861 | -3.94
KCCQ-CSS 2nd quartile: 0.3%
KCCQ-CSS 3rd quartile : 0.2%
KCCQ-CSS 4th quartile : 0.1%

Issue 6 Rate-ratio adjustment factor (0.44) when

Overestimation of | comparing PULSE EF > 40% patients and

hospitalisation ~ for | the ITT Placebo arm of the EMPEROR- | £18,288 | 26.74

heart failure in the | Preserved trial

UK population

Issue 7 A fitted Weibull function to the CV-mortality

Remove the | or AC-mortality data for the placebo arm of

direct/indirect the EMPEROR-Preserved trial with no

benefit in mortality | treatment effect or KCCQ-CSS predictors | £26,424 | 83.13

that is realised | for the ITT population

through KCCQ state

membership

Abbreviations: CV, cardiovascular; EAG, evidence assessment group; HHF, hospitalisation with heart failure; ICER, incremental
cost-effectiveness ratio; ITT, intention to treat population; KM, Kaplan-Meier; KCCQ, Kansas City Cardiomyopathy Questionnaire;
KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire — clinical summary score; OS, overall survival; SoC, standard of care;

SGLT2i, sodium-glucose co-transporter-2 inhibitors; TP, transition probabilities; UK, United Kingdom.

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.3.15 Interpretation and conclusions of economic evidence

The CEM for the economic evaluation of empagliflozin + SoC for chronic HF patients
with EF >40% builds on the modelling approach previously accepted by the NICE
committee for empagliflozin + SoC for patients with HFrEF (1). Model inputs were
primarily derived from the EMPEROR-Preserved trial, 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 AE, 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-Preserved ftrial results over the mean trial follow-up period of 26

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 ([l per 100 PY vs |l per 100 PY on SoC)
and CV death (JJli} per 100 PY vs [} 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 arms was minimal (- per 100 PY vs- 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 empagliflozin + SoC was [JJJlj years). The base case
analysis estimated a deterministic ICER of £14,429 and a probabilistic ICER of
£14,564 per QALY gained, with both < £20,000, 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 CEM was robust to variation in
model parameters. The probabilistic and deterministic base case results were closely
aligned, with 1.2 of the iterations below the WTP threshold of £25,000, suggesting
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a high probability of empagliflozin + SoC being costlier and more effective than SoC

alone.

The most influential parameter in the deterministic sensitivity analysis was the
treatment effect of empagliflozin + SoC associated with HHF. When this parameter
was set to 0, the ICER increased 48% from the base case value of £14,429/QALY to
a high of £21,339/QALY (Table 46). However, this is an unrealistic assumption as it
assumes no treatment benefit with empagliflozin, which is not supported by the clinical
trial data primary endpoint. The estimate was also statistically significant and formed
the basis of the positive opinion and MA for empagliflozin in this population. Other
highly impactful parameters included the disutility for HHF, the treatment effect
associated with empagliflozin + SoC for CV mortality, inclusion of treatment

discontinuation for empagliflozin + SoC and cost of treatment for HHF.

Results of the scenario analyses indicate that the ICER is not significantly affected by
structural assumptions including the choice of parametric distribution for mortality or
treatment discontinuation, utility age adjustment or cost of non-CV death, although it
is highly sensitive to assumptions regarding the treatment effect through mortality, with
an ICER of £26,424 per QALY. However, the latter scenario reflects an unrealistic
assumption as it assumes no treatment benefit with empagliflozin which is not
supported by the clinical trial data. The treatment effect for CV mortality is in the model
because a numerical difference between the two comparators is clinically plausible for
this outcome and the clinical data from the EMPEROR-Preserved trial shows a trend
in favour of empagliflozin for CV mortality benefit. Finally, changing the model to align
transition probabilities after month 8 for both the empagliflozin treatment and SoC
arms (i.e., treatment waning scenario) had the largest impact on the ICER with an
ICER of £34,482 per QALY.

The results of the analysis should be interpreted considering its limitations. First, the
EMPEROR-Preserved trial offered only short-term data (median follow-up time was
26 months in the EMPEROR-Preserved trial) and therefore, long-term outcomes had

to be extrapolated at the expense of uncertainty; however, the sensitivity analyses
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indicated that the choice of the parametric model did not have a significant impact on
the estimated ICER. Next, no reliable external resource is available for estimating the
rate of clinical events beyond the trial time horizon as these outcomes are closely tied
to underlying SoC. However, sensitivity analyses varying the distribution of the risk
equations did not affect conclusions about the cost-effectiveness of empagliflozin +
SoC compared to SoC, even though there was some variation in the incremental
health benefits. Furthermore, the economic analysis assumes that the HF event rates
observed in UK clinical practice mirror those observed in the EMPEROR-Preserved
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. Last, the analysis only captured direct medical costs. Costs
associated with non-direct medical resources and indirect costs (i.e., productivity loss)

were not considered given the perspective of this analysis.

In conclusion, the CEA 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 chronic HF patients with EF >40%. In addition, when considering the
favourable ICER from the TA773 submission and the combined weighted HF ICER,
empagliflozin demonstrates value for money across the full phenotype spectrum of

chronic HF, irrespective of EF.
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Notes for company

Highlighting in the template

Square brackets and grey highlighting are used in this template to indicate text
that should be replaced with your own text or deleted. These are set up as form
fields, so to replace the prompt text in [grey highlighting] with your own text, click
anywhere within the highlighted text and type. Your text will overwrite the

highlighted section.

To delete grey highlighted text, click anywhere within the text and press
DELETE.

Section A: Clarification on effectiveness data

A1. Priority question. In EMPEROR-Preserved, the premature discontinuation
rate, not due to fatal events, was 23%. In EMPEROR-Reduced, it was 16%.
Please can you provide a clinical rationale for this variation in discontinuation

rates?

Although discontinuation rates were higher in EMPEROR-Preserved, they are similar
across both treatment arms, suggesting that any discontinuations were a feature of
the population studied rather than a feature of the medication trialled. Overall, in
EMPEROR-Reduced, the premature discontinuation rate, not due to fatal events,
was 16% (empagliflozin arm) and 18% (placebo arm), which numerically are very
similar. In EMPEROR-Preserved, the premature discontinuation rate, not due to fatal
events, was 23% (empagliflozin arm) and 23% (placebo arm), again also numerically
very similar. Furthermore, in both the EMPEROR-Reduced and the EMPEROR-
Preserved trials, the overall adverse event rates were lower compared to placebo
arm (76.2% in empagliflozin arm vs 78.2% in the placebo arm in EMPEROR-
Reduced, and 85.9% in the empagliflozin arm vs 86.5% in the placebo arm in the
EMPEROR-Preserved trial). The company believes the differences between the

trials is largely due to the differences between the target population and
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baseline characteristics as well as the longer follow-up in the EMPEROR-

Preserved trial.

The EMPEROR-Preserved population was slightly older on average at baseline than
the EMPEROR-Reduced population (71 versus 67), which is likely to lead to a
population with more comorbidities. For example, the average atrial fibrillation rate in
EMPEROR-Reduced was 35-37% vs 50-51% in EMPEROR-Preserved, with
hypertension present in 72% versus 90% of the trial population, respectively, both of
which are associated with a higher risk of adverse events in the EMPEROR-

Preserved population.

Finally, the study follow-up period should also be noted as this was longer in
EMPEROR-Preserved (26.2 months) versus EMPEROR-Reduced (16 months) trial.
Having a longer follow up (due to the need to accrue the statistically sufficient
number of primary endpoint events) is also likely to increase the timeframe for
discontinuations to occur and hence result in an increased rate of discontinuations in
the EMPEROR-Preserved trial as compared with EMPEROR-Reduced.

In conclusion, the difference in discontinuation rates can be explained by both
clinical factors such as age and comorbidity differences, as well as key elements of

the trials themselves such as the difference in follow up time

A2. Priority question. The evidence assessment group (EAG) notes that the
population with heart failure with preserved ejection fraction (HFpEF) from
PULSE has different baseline characteristics, including different treatments
received, than the patients in EMPEROR-Preserved. Participants also appear
to have a lower likelihood of all outcomes presented in Table 48 of the
company submission (CS) in PULSE compared to EMPEROR-Preserved.
Please can the company provide a clinical rationale for these differences and,
in particular, why EMPEROR-Preserved is more generalisable to clinical

practice in the NHS.

While there were differences in the baseline characteristics and outcomes between
EMPEROR-Preserved and PULSE, these are explained by the limitations in the
PULSE study design. As a consequence, there is limited evidence that PULSE offers
a better representation of a typical UK patient than EMPEROR-Preserved.
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Comparison of treatment mix, baseline characteristics and outcomes between
EMPEROR-Preserved and PULSE

Treatment mix

The EAG expressed concerns about the generalizability of EMEPROR-Preserved
given the difference in baseline characteristics and outcomes. As highlighted, one of
the concerns is regarding treatment mix; the company believes this can be explained
by the way data is collected in both the trial and PULSE. CPRD data captures
primary care prescribing only so will underestimate prescribing if this is happening

outside of primary care.
Baseline characteristics

The prevalence of comorbidities appears to be lower in PULSE compared to the trial,
which may also contribute to the observed differences. There are however many
characteristics common to both studies that are broadly comparable, such as age,
sex, body-mass-index, heart rate, SBP and eGFR (see Table 1). These similarities
should be considered in light of the observation that there was significant missing
data for some baseline characteristics in PULSE. Also, the largest group in PULSE
was "unknown", where no EF was recorded, suggesting that a patient's diagnosis
was not accurately categorised (73% [283,672/383,896] of the total population).
Therefore, some of these patients in the unknown group might be HFpEF patients..

Table 1. Comparison of baseline characteristics between EMPEROR-Preserved and PULSE

72 years
Age (mean) 72 years Percentage missing: 76.1 years
NR
Sex (% male) 55% 48% 51%
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Percentage missing: Percentage missing:
NR NR
29.2 28.5
BMI (mean) 299 Percentage Percentage missing:
missing:31.6% 44.3%
74.4 77.5
Heart rate (mean) 70.3 . o
Percentage missing: Percentage missing:
44.4% 46.3%
133 131
BP 132
SBP (mean) 3 Percentage missing: Percentage missing:
8.5% 10.3%
65 62.7
eGFR (mean) 60 Percentage missing: Percentage missing:
16.7% 18.5%
54.7
EF (mean) 54.3 L Not reported
Percentage missing:
90%
933 1829
NT-ProBNP (mean) 946 - -
Percentage missing: Percentage missing:
90.8% 93%

The difference in HHF and CV-mortality rates observed in EMPEROR-R and PULSE
is likely due inaccurate recording of events in PULSE rather than differences in
patient characteristics. Unlike in the real-world, HHF and CV-mortality in EMPEROR-
R were adjudicated by Committee according to a strict protocol. In the real-world, an
elderly patient might be admitted to wards other than cardiology, and therefore HHF
and CV-mortality may not be recorded as the primary reason for hospitalisation
because general physicians and other specialists may not recognise the symptoms

of acute HF. The difference between AC-mortality between the trial and PULSE was
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because of inaccurate classification of patients. The largest group in PULSE was
"unknown" which might have included HFpEF patients (73% [283,672/383,896] of
the total population). Limitations in CPRD data have recently been highlighted in a
recent clinical audit of medical records and SNOMED CT coding for 78 GP practices
(864,194 population) in the UK for HF. Specifically, of 19,393 patients’ records that
were audited, the HF case finder identified 9,725 additional patients to be audited, of

whom 2,916 patients with HFrEF required further codes (47% increase) [1].

For the reasons described above, although the PULSE data serve as a useful
indicator that the populations are not completely dissimilar, the EMPEROR-
Preserved data were considered the most suitable to inform the economic model.
Overall, the company believes that the discussed differences between PULSE and
EMPEROR-Preserved populations will not have an impact on the consideration of

empagliflozin’s cost-effectiveness.

A3. Priority question. Please present outcome data for the Kansas City
Cardiomyopathy Questionnaire - clinical summary score (KCCQ-CSS),
cardiovascular (CV) mortality, overall mortality, and occurrence of adjudicated

HHF (first and recurrent) in the following subgroups:

¢ People with heart failure ejection fraction (HF EF) 40% to <50%;
e People with HF EF 50% to <60%;
e People with HF EF 260%.

Empagliflozin has demonstrated benefit across the EF spectrum and this is
consistent with the MA. We recognise that the EAG would like to explore what
outcomes could be expected by EF subgroups, and therefore these data are
provided below [2], which is consistent with the marketing authorisation (MA)
extension for empagliflozin for symptomatic chronic HF regardless of LVEF [3].
Please also note that the requested EF categories do not align with ESC categories
and are, therefore, not necessarily of clinical relevance. There is ambiguity across
the clinical community regarding the range of EF that should be used when
categorising HF (see section B.1.3.1.1. Disease Overview — Classification). For
simplicity, the company submission has defined the target population based on those
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patients with symptomatic HF with EF >40% to cover the remaining population not

assessed in the previous appraisal (TA773).

Nevertheless, the results below show that there was always a numerical
improvement for patients in empagliflozin arm, for all subgroups (Table 2, Table 3).
On some occasions, the differences were not statistically significant, but this can be
expected since the different subgroups were not powered to show statistical

significance, and they had small sample sizes.
Table 2. Outcome data for KCCQ-CSS scores by ejection fraction (Randomised set)

Empagliflozin 10 m Placebo
e g Mean change from

Endpoint N / Change in clinical N/ Change in clinical baseline (95% Cl)
summary score summary score

KCCQ-CSS at 0-52 weeks

LVEF 40% to <50% ] [ | [ |
LVEF 50% to <60% [ | [ | |
LVEF 260% [ | [ | |

KCCQ-CSS at 0-148 weeks No week 148 data available, presenting from baseline to end of treatment visit

LVEF 40% to <50% ] [ | [ |
LVEF 50% to <60% ] [ | [ |
LVEF 260% ] [ | [ |

Abbreviations: Cl, confidence interval; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire -
clinical summary score; LVEF, left-ventricular ejection fraction.

Table 3. Outcome data for adjudicated HHF, CV mortality and all-cause mortality by ejection
fraction (Randomised set)

Empagliflozin 10 mg Placebo

Endpoint Hazard ratio (95%ClI
i N with event/N analysed | N with event/N analysed £ io (95%Cl)

Occurrence of adjudicated HHF (first and recurrent)

LVEF 40% to <50% [ [ | |
LVEF 50% to <60% ] [ ] [ |
LVEF 260% [ ] [ | [ |
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Empagliflozin 10 mg Placebo

Endpoint Hazard ratio (95%CI
. N with event/N analysed N with event/N analysed (95%CH)

CV mortality

LVEF 40% to <50% [ | | |
LVEF 50% to <60% | | |
LVEF 260% [ ] | |

Overall mortality

LVEF 40% to <50% ] [ | [ |
LVEF 50% to <60% ] [ ] [ |
LVEF >60% [ | [ | |

Abbreviations: Cl, confidence interval; CV, cardiovascular; HHF, hospitalization for heart failure;
LVEF, left-ventricular ejection fraction.

AA4. Priority question. Please present the number of people for whom trial

medication stopped for reasons other than death in the following subgroups:

. People with HF EF 40% to <50%;
. People with HF EF 50% to <60%;
. People with HF EF 260%.

The requested information is provided in Table 4 below. The company would like to
emphasise that clinicians are not rigid in the use of EF subgroups and, further, that
the subgroups requested above are not used in clinical practice. The company
acknowledges that ejection fraction is often visually estimated from an
echocardiogram and have a margin of error associated with them [4]. Thus,
clinicians are in agreement that diagnosis and treatment based on EF is not well-
defined or understood in the clinical practice.

Overall, approximately a quarter of patients across HF EF subgroups discontinued
treatment for reasons other than death, which is comparable to the overall
discontinuation rate of 23.3% (1,395 out of 5,988). These findings demonstrate that
there is no evidence that EF affects the likelihood of discontinuing treatment. In
addition, the benefit of empagliflozin on CV-death or hospitalisation for heart failure
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has been demonstrated across the EF spectrum in the EMPEROR-Preserved and
Reduced trials (Anker et al. 2021) [5].

Table 4. Medication discontinuations for reasons other than death in HF EF subgroups
(Randomised set)

HF EF subgroup Discontinuations / Sample size (%)

40% to < 50% |
50% to < 60% [ |
>60% [ |

Abbreviations: EF, ejection fraction; HF, heart failure.

AS5. Priority question. A section of Table 16 in the CS is copied below.

1. Are the labels of the rows incorrect? Should:
e “Value of >50%” be “Value of <50%";

e “Value of 50% to >60” be “Value of 50 to <60%”.

2. The numbers of people in the trial were very similar between these 3 groups
defined by their baseline ejection fraction. Was this planned (e.g., did the trial
have criteria for this at patient selection) and, if so, what was the reasoning for

this?

Regarding A5.1, apologies for the oversight, indeed the labels contain errors. The
labels should be: >40% to <50%; 250% to <60% and =260%.

Regarding A5.2, no, this was not planned. In fact, it was initially planned to recruit
35% to 50% of patients with LVEF >=50. In the clinical trial protocol it is stated:

“IRT will be used to aim for a trial population consisting of approximately 35% to 50%
with an LVEF >50%. To ensure adequate enrolment of patients, the final decision on
capping will be based on the recommendation from the executive steering committee

during the recruitment period.”

However, when recruiting all HFpEF patients as per the inclusion criteria, about two-
thirds of the population had LVEF >=50% Table 5. The Executive Committee
advised to keep recruiting without capping patients with higher LVEF. After this
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decision and before any unblinding, the Trial Statistical Analysis Plan was updated to

include subgroup analysis in groups of <50, >=50-<60 and >=60.

Table 5. Overview of patients’ distribution per ejection fraction % (Randomisation set)

Baseline characteristic Empagliflozin 10 mg

Number of subjects 2,997 2,991

Left ventricular ejection fraction (EF)

Mean 54.3+/-8.8 54.3+/-8.8
Value of >50%, N (%) 995 (33.2) 988 (33.0)
Value of 50% to >60, N (%) 1,028 (34.3) 1,030 (34.4)
Value of 260%, N (%) 974 (32.5) 973 (32.5)

Section B: Clarification on cost-effectiveness data

For any scenarios requested in Section B, please ensure these are
implemented as user selectable options in the economic model so that these
can be combined. Furthermore, if the company chooses to update its base-
case results, please ensure that cost-effectiveness results, sensitivity and
scenario analyses incorporating the revised base-case assumptions are
provided with the response along with a log of changes made to the company

base-case.
Model structure

B1. Priority question. Please explain why renal events were removed from the
model (in comparison to the empagliflozin model used in TA773). Clinical
expert opinion provided to the EAG noted that clinical events are equally
relevant for the preserved ejection fraction population.

The EAG requested a clarification regarding the removal of renal outcome from the
model. In EMPEROR-Preserved, renal outcome was a secondary, exploratory
outcome, defined as time to the first event in the composite renal endpoint: chronic

dialysis (with a frequency of twice per week or more for at least 90 days), renal
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transplant, sustained reduction in eGFR from baseline of 240%, sustained eGFR <15
mL/min/1.73 m2 for patients with baseline eGFR =230 mL/min/1.73 m2, or sustained
eGFR <10 mL/min/1.73 m2 for patients with baseline eGFR <30 mL/min/1.73 m2. A
sustained reduction 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).

Renal events were removed from the model because the difference between the two
groups was not statistically significant, as shown in the trial’s results (HR= 0.95
95%CI: 0.73—1.24). As correctly noted, renal events were included in the model used
in TA773, but in the EMPEROR-Reduced trial this outcome was statistically
significant (HR: 0.50; 95% ClI, 0.32 - 0.77). Therefore, as this outcome was
numerically favourable but statistically not significant for empagliflozin, it was
decided to take a conservative approach and remove it from the model. Including the
renal events will not affect the cost effectiveness results as the impact of safety on
cost effectiveness is already largely reflected by inclusion of adverse events, and for

which the impact is very minimal.
Clinical data used in the model

B2. Priority question. Please explain why only data on KCCQ-CSS collected in
EMPEROR-Preserved at baseline; weeks 12; 32; and 52 were used in the
model, when end of treatment (EOT past 148 weeks) data on KCCQ-CSS were

collected.

A. Please consider including the EOT data on KCCQ-CSS in the estimation
of transition probabilities between KCCQ-CSS quartiles in the model.

It is correctly stated that data from baseline to up to 52 weeks were collected and
included in the model determining the transition probabilities. No data on KCCQ-CSS
at 148 weeks were collected. EOT data were available but since EOT varies
between different patients, the company believes that it should not be utilised in the
model as this would lead to biased results. By adding EOT to the model, the
company expects an increase in the uncertainty in the model outcomes and hence

biased cost-effectiveness estimates.
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A scenario was built in the CE the model (‘Context’ sheet, row 70) to test the impact
of transition probabilities for KCCQ-CSS. In this scenario, at a defined point in time
the proportion of patients in the KCCQ-CSS quartiles under the treatment arm was
set equal to those proportions in the placebo arm at 5, 3, 2, and 1 years. For the trial
population, the ICER increased from £14,428.65 to £16,985, £17,457, £17,187, and
£16,139, when 5-year, 3-year, 2-year, and 1-year, time points were tested,

respectively (Table 6).

Overall, it appears that the results supporting the cost-effectiveness of empagliflozin
remain consistent even when more conservative scenarios for a waning treatment

effect, in terms of KCCQ transition probabilities, are applied.

Table 6. Scenario analysis testing the impact of KCCQ transition probabilities on model’s
ICER

% change relative to

Description ICER (£/QALY) base case ICER
Set the proportion of patients in the 5 years £16,139 185%
KCCQ-CSS quartiles under the 3 years £17,187 19.11%
empagliflozin arm equal to those

proportions in the SoC arm at 5, 3, 2 2 years £17.457 20.99%

and 1 year(s) 1 year £16,985 17.71%

Abbreviations: ICER, incremental cost-effectiveness ratio; KCCQ-CSS, Kansas City Cardiomyopathy
Questionnaire - clinical summary score; QALY, quality-adjusted life-year; SoC, standard of care.

B3. Priority question. Please clarify which KCCQ-CSS data set was used to
estimate the transition probabilities between KCCQ-CSS quartiles in the model
(for example, was the mixed model for repeated measures [MMRM] analysis

used, was the observed case on-treatment [OC-OT] population used, etc.).

The data used to produce the transition probability matrices were the observed
patient KCCQ-CSS scores including after treatment discontinuation (OC-AD) from
baseline to week 52. Missing values from visits within that interval were imputed
using the last-observation-carried-forward (LOCF) method. This was a pre-defined
approach, consistent to what has been applied in in TA773. The company believes
that the OC-AD population was appropriately used for the analysis.

B4. Priority question. Please justify why the last observation carried forward

(LOCF) method was deemed appropriate to handle missing data for KCCQ-
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CSS scores in the estimation of transition probabilities across quartiles in the

model.

The company believes that the assumptions around missingness do not impact the
estimation of cost effectiveness. A key assumption of using the LOCF approach is
that data are missing completely at random, or that there is no underlying systemic
reason for why there are missing data at any timepoint. To estimate the KCCQ-CSS
transitions in the base case, LOCF imputation was used, meaning that at weeks 12,
32, and 52, for patients still alive and followed up, if a value was missing the last
observation was carried forward. The mean scores at weeks 12, 32, and 52 (Table
7) were very close between the imputed and non-imputed datasets, indicating lack of
underlying bias.

In addition, as described below for question B5, the distribution of KCCQ-CSS score
changes from baseline were very similar between the imputed and non-imputed
datasets. Given the similarity between imputed and non-imputed KCCQ-CSS scores,
the missing-at-random assumption of the LOCF approach was considered valid, and
therefore this imputation method was used in the base case. The company would
like to indicate that the same imputation method was used in the submission for
HFrEF (TA773) and was accepted by the committee.

Table 7. Comparison of KCCQ-CSS score statistics for imputed and non-imputed data
(Randomised set)

Without imputation Empagliflozin 10mg Placebo

Visit N Mean (SD) N Mean (SD)
Baseline [ | [ | [ | [ |
Week 12 [ | [ | [ | [ |
Week 32 [ | [ | [ | [ |
Week 52 [ ] [ ] [ ] [ ]
With imputation Empagliflozin 10mg

Visit N Mean (SD) N Mean (SD)
Baseline [ | [ | [ | [ |
Week 12 [ | [ | [ | [ |
Week 32 [ ] [ ] [ ] [ ]
Week 52 [ | [ | [ | [ |

*The higher number of observations at week 12 is due to records from patients with missing scores at
baseline. These patients contributed data from week 12 onwards and were kept in the analysis.
Abbreviations: KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire - clinical summary score; SD,
standard deviation.
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B5. Priority question. Similarly to the data provided by the company after
technical engagement in TA773, please fill the table below (twice) with the
following KCCQ-CSS data from EMPEROR-Preserved:

A. The distribution of individual changes in mean KCCQ-CSS over time

without imputed values.

B. The distribution of individual changes in mean KCCQ-CSS over time
with imputed values (i.e. using the LOCF method described in the CS

and used in the model).

The EAG would like more information on the KCCQ-CSS scores for imputed and
non-imputed values. The company has provided the requested information below
and would like to emphasise that the differences between the two arms in the
imputed and without imputation KCCQ scores were very small (Table 88, Table 99).
This increased the confidence to the conclusion that empagliflozin was associated
with better KCCQ-CSS scores, and that the imputation method did not affect the

estimation of transition probabilities and subsequently the cost-effectiveness results.

Table 8. Changes in KCCQ-CSS scores without imputation (Randomised set)

A: Without imputation p-value | Min Median
E liflozi
Topbagifiozin E E E H B E H H N

Baseline
Placebo | | | | N N H H | H |
Empagliflozin Change H B B B B | | | B | B
10mg from

baseline

to week
Placebo 12 H N H B H B B N H B B
Empagliflozin Change B B | | | | | ] | [ ]
10mg from

baseline

to week
Placebo 32 H B H N HE B B N H B B
Empagliflozin Change . . . . . . . . . . .
10mg from

baseline

to week
Placebo 52 H N H N H B B N H B N
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A: Without imputation p-value | Min Median

Empagliflozin Change ] [ ] [ | [ | [ | [ | [ | [ | H |

10mg from

baseline

Placebo EOT 'R N H N HE B B N " B B

*For N please provide the total number of patients with available observations on KCCQ-CSS data for each time point (i.e.,
baseline, week 12,32,52 and EOT). No data beyond week 52 were available. EOT change from baseline is presented,
which is the last visit (up to week 52) where the patient had an observation and is the same in the imputed and non-imputed
datasets.

Abbreviations: EOT, end of treatment; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire -
clinical summary score; SD, standard deviation.

Table 9. Changes in KCCQ-CSS scores without imputation (Randomised set)

B: With imputation p-value | Min Median
Empagliflozin
oree E E B H E B E E EH H

Baseline
Placebo HE B B H N B EH|H I
Empagliflozin Change B ] B | N | | | ] ] [
10mg from

baseline

to week
Placebo 12 H N H B H B B N H H N
Empagliflozin Change . . . . . . . . . . .
10mg from

baseline

to week
Placebo 32 H N H N H B B &R H H N
Empagliflozin Change B n B B B | | | | ] [
10mg from

baseline

to week
Placebo 52 H N H N H B B & H H N
smpaglifiozin I change '@y W (M B N (B N (N HE B N
10mg from

baseline
Placebo ©EOT '@ W@ W (@ (N B H H HE B |m

*For N please provide the total number of patients with available observations on KCCQ-CSS data for each time point (i.e.,
baseline, week 12,32,52 and EOT). No data beyond week 52 were available. EOT change from baseline is presented,
which is the last visit (up to week 52) where the patient had an observation and is the same in the imputed and non-imputed
datasets.

Abbreviations: EOT, end of treatment; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire -
clinical summary score; SD, standard deviation.
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B6. Priority question. Please provide the transition probabilities (equivalent to
those reported in Table 28 of the CS) without imputed values (i.e., as observed
in EMPEROR-Preserved).

A. Please provide a scenario where the observed transition
probabilities without imputed values are used in the economic
model.

The EAG would like to understand the impact that imputation had on the cost
effectiveness results. Table 10 below reports the transition probabilities with and
without imputed data. The transition probabilities from both approaches are similar,
demonstrating that empagliflozin was associated with better KCC-CSS scores. The
imputed probabilities should be considered more robust compared to the non-
imputed, naive approach, since the imputation method used was considered
appropriate as stated above in response to question B4. Similarly, the company
would like to highlight that the same imputation method was used in the submission
for HFrEF (TA773) and was accepted by the committee. Finally, in response to the
EAG’s comment, the company programmed a scenario where transition probabilities
without imputed values were used to populate the model. The results of this scenario
analysis demonstrate that the deterministic ICER increases to £20,198.43/QALY
compared to the base case deterministic ICER (£14,428.65/QALY) Table 11Table
11. The company believes that this approach, though, is less robust than the base

case, in which imputed transition probabilities are used.

Table 10. Transition probabilities with and without imputed data (Randomised set)

With imputation Without imputation
Months 1 Months 4 Months Months 1 Months 4 Months
-3 -8 9+ -3 -8 9+
1
Empagliflozin
+S0C 2

WDIN|[ =~ DO |~ DO~
EEEEEEEEENERN
EEEEEEEEENERN
C O
C O
C O
EEEEEEEEENRN

Clarification questions Page 16 of 47



With imputation Without imputation

Months 1 Months 4 Months Months 1 Months 4 Months

AW N

AW N

SoC

AN

3

4

Abbreviations: SoC, standard of care.

Table 11. Summary results of QALYs per patient when using imputed data (base case) and
non-imputed data (EAG scenario)

‘ With imputation Without imputation
Empagliflozin SoC arm Incremental Empagliflozin SoC arm Incremental
+ SoC arm + SoC arm
KCCQ-CSS 0.68 0.72 -0.039 0.68 0.69 -0.014
1st Quartile
KCCQ-CSS 0.96 1.00 -0.040 0.94 0.98 -0.036
2nd
Quartile
KCCQ-CSS 1.12 1.09 0.036 1.12 1.13 -0.008
3rd Quartile
KCCQ-CSS 1.69 1.58 0.116 1.73 1.63 0.104
4th Quartile
Total 4.27 417 0.098 4.29 4.22 0.069
QALYs

Abbreviations: KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire - clinical summary score
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Modelling of hospitalisations

B7. Priority question. The CS states that, “the HHF [hospitalisation for heart
failure] rates [in EMPEROR-Preserved] appeared to be relatively constant over

time”. Please provide the data underpinning this conclusion.

The EAG would like to understand better why the rates for hospitalisation were
assumed to be constant. The assumption of a constant rate for heart-failure
hospitalisations was based on visual assessment of the monthly HHF rate across
follow-up, which appears constant over time as seen in Figure 1 further below. The
HHF rate was calculated using patient level data from EMPEROR-Preserved trial
(randomised set) and dividing the counts of HHF events each month (Figure 2) by
the corresponding observation time contributed by patients (Figure 3). The observed
spike in rates at the later stages of follow-up is due to fewer patients remaining in the
trial at that point in time, causing few HHF events to have greater impact on the rate

compared to earlier periods.

The constant HHF rate assumption effectively meant that time would be omitted as a
predictor in the HHF equations. This approach is consistent with prior appraisals
(TA267 (ivabradine) [6], TA388 (sacubitril valsartan) [7], TA679 (dapagliflozin) [8]),
where it was assumed that the overall rate of HHF remained constant over the
lifetime of the CE model. However, a separate equation was fitted that included a
time predictor, which was estimated with a negative coefficient (Estimate = -0.012, p-
value = 0.008), implying that HHF risk decreases over time. As this result was not
clinically plausible, it was only retained as a scenario in the CE model, and the

constant rate equation was used in the base case instead.

In anticipation of a request to explore the possibility that the assumption of constant
rate for HHF has a significant impact on results as this was also requested for
TA773, the company implemented a scenario in the submitted version of the model
where the rate of hospitalisation changes every month. This scenario can be found in
the “Context” sheet. Implementing this monthly increase in the rates of
hospitalisation (KCCQ-quartile 1= 0.4%, KCCQ-quartile 2= 0.3%, KCCQ-quartile 3=
0.2%, KCCQ-quartile 4= 0.1%), resulted in an ICER of £13,860.49, which is lower
compared to the base case ICER of £14,428.65.
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Given the above, the company believes that the modelling of a constant rate of HHF
is appropriate, and it is unlikely that this choice has biased the cost-effectiveness

results.

Figure 1: Monthly rate of HHF events over time for EMPEROR-Preserved patients in
empagliflozin and placebo arms (Randomised set).

Abbreviation: HHF, hospitalization for heart failure.
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Figure 2: Counts of monthly HHF events.

Abbreviation: HHF, hospitalization for heart failure.

Figure 3: Person-years of observation contributed per month.
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B8. Priority question. Given how HHF events are very likely to be impacted by
patients’ age, please explain why age was not considered in the regression
analysis used to estimate HHFs in the model (and only treatment and KCCQ-

CSS states were used as covariates).

The model already submitted to the EAG included the functionality to select between
reduced or extended risk equations to model the rate of HHF. This can be found in
cell H67 of the “Clinical Inputs” sheet. When the “Reduced list” option is chosen, only
treatment and KCCQ-CSS states are used as covariates. Other predictors (including
age), that underwent a pre-specified variable selection process, were included in the
extended set of equations to model HHF events only if found to be statistically
significant. The variable selection process to arrive at the extended set of equations

consisted of the following steps:

1. Univariate selection: Every potential predictor was added separately to the
core model. Those found to be statistically significant at the 10% level were

kept.

2. Multivariate backward selection: All predictors kept from step 1 were fitted to
the model simultaneously, and a backward elimination process was used to
remove non-influential predictors at the 10% significance level, until only

significant predictors remained.

3. Multivariate forward selection: Predictors excluded in step 1 were introduced
into the resulting model from step 2, one at a time. The predictor with the
lowest p-value was kept. This process was repeated until no re-introduced

predictor appeared significant at the 10% level.

4. Final selection: The resulting model from step 3 was finalised by removing
predictors that had lost statistical significance at the 10% level after the re-

inclusion of predictors.

The risk equations based on the reduced list using only treatment and KCCQ-CSS
states as predictors were fitted to model outcomes for the ITT population and other
subgroups, such as patients above or below 65 years of age. Both the extended and
reduced risk equations consider age in the cost-effectiveness calculations (albeit in

an indirect manner in the latter case). However, to test its impact directly, the age
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predictor was added to the ITT reduced list risk equation and was found to be
statistically non-significant (Coefficient estimate = . p-value = .). Therefore, the
company believed that it is not meaningful to add this equation into the cost-
effectiveness model to examine the impact on the ICER. Therefore, not having age
as a predictor in the risk equations is justified and it is not expected to influence the

model’s results.

The company wants to highlight that the choice of using the reduced list of equations
as base case in the model was based on the validation step that was conducted and
described in section ‘B.3.13.1.1 Internal validity’ in the CS. Specifically, the rates of
HHF, CV death and non-CV death observed during the average EMPEROR-
Preserved trial follow-up of 26 months were compared with the economic model
predictions over the same time horizon (

Figure 4). The reduced set of equations resulted in estimates that were closer to the
estimates from the observed data, meaning that the model’s predictions were more
validated when using the reduced list of predictors compared to using the extended

list of predictors. Thus, the reduced list of predictors was used as the base case.
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Figure 4. Comparison of observed and model-predicted event rates in the ITT population:
CV death, non-CV death, and HHF rates per 100 patient-years
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Abbreviations: CV, cardiovascular; PY, person years; SoC, standard of care

B9. Priority question. Please fill the table below for the equivalent number of
patients in the trial and in the model, the equivalent time period (for all arms in
the trial and in the model), and for total HHF events (i.e., first and subsequent
HHF together). Please include a corresponding table in the Excel model, linked

to the model engine results.

The EAG requested for a table reporting the total number of HHF over 26 months
and 3 years to be added in the model Table 12. Accordingly, a table was
programmed into the model to obtain this information directly from the model’s
engine. This can be found in the “Context” sheet (cells K104:M105).

The results show that there are some differences in the number of events observed
in EMPEROR-Preserved compared to those predicted in the model. However, the
observed and predicted differences in events between empagliflozin and placebo are
similar, indicating that the incremental results of the model are valid. Therefore, the

company believes that this should be of minor consideration for the committee.

Table 12. Comparison of total number of HHF observed in the trial and those predicted in the
cost-effectiveness model

EMPEROR-preserved CE model

Placebo
+SoC (For
the Difference
equivalent
N=2,991)

Empagliflozin

+ SoC (For the

equivalent N=
2,997)

Empagliflozin Placebo
+ SoC (N= +SoC Difference
2,997) (N=2,991)

Total number of
HHF (first and

subsequent) L L L H H L
over 26 months

Total number of

HHF (first and
(first an n N N H H n

subsequent)
over 3 years

Abbreviations: CE, cost-effectiveness; HHF, hospitalization for heart failure; SoC, standard of care.

B10. Priority question. As discussed in the EAG review of the company’s
response to technical engagement (TE) of TA773, a more robust method for

estimating HHF in the model would have been to use Kaplan-Meier (KM) data,
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independent of KCCQ-CSS states. This would have allowed the rate of HHF to
directly vary in the model (as opposed to the assumption of a constant rate)
and would also have allowed first and subsequent hospitalisations to be
modelled separately. In this appraisal, the same issues remain relevant as the
company used a Poisson regression which assumed a constant risk of
hospitalisation in the entire model (regardless of the time-varying element of
KCCQ-CSS-linked HHF), and did not differentiate initial and subsequent
hospitalisations in the model. Given that KM data on HHF in EMPEROR-
Preserved shows a considerable difference in empagliflozin’s effect on first

and subsequent hospitalisations, can the company please:

A. Use KM data on first HHF to fit parametric models and extrapolate the rate
of HHF events over time in the model according to technical support document
(TSD) 14. The EAG’s preference is for the KM data from EMPEROR-Preserved
(independent on KCCQ-CSS) scores to be used, however, if the company’s
preference is to make HHF dependent on KCCQ-CSS, the EAG suggests that
the company follows the same approach used by the company in TA773 which
used, “a counting process setup with start and stop times to create periods
defined by the occurrence of each hospitalisation and/or changes in KCCQ-
CSS quartiles. That is, a patient will have one record per change in KCCQ-CSS
and per hospitalisation with start and stop times of the period defined by the

time when these changes occur.”

B. Use the same approach as described in point A, however, to model

subsequent HHF separately from first HHF.

The EAG has suggested the use of Kaplan-Meier data and parametric survival
models on time to HHF in order to derive extrapolations and better assess the
constant HHF rate assumption underlying the Poisson modelling approach in the
base case. The company notes that parametric survival models are not typically
applied for recurrent events; variations in the rate of event over time can be handled
in the context of event count models (like Poisson) by allowing time as a predictor. A
Poisson equation with time as a predictor (question B7) was fitted as a scenario
analysis but demonstrated a clinically implausible negative coefficient (suggesting

that HHF risk decreases over time), which was not appropriate as the base case.
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The company notes that this also occurred in TA773 and was similarly considered
implausible, as clinical experts confirmed that they would not expect the rate of HHF
to decline over time. The observed patterns are likely attributable to the declining
numbers of patients at risk and the disproportionate influence of events near the end
of follow-up in the trial JJTo address the EAG’s concern, the company implemented
the proposed parametric approach on time to first HHF event, and considered a total
of six distributions: exponential, Weibull, Log-Normal, Log-logistic, Gompertz, and
Generalised Gamma. The fitted models had no other predictors apart from treatment
arm. Their hazard estimates were extrapolated across the trial follow-up, as seen in
Figure 5 below. With the exception of the exponential distribution, which assumes a
constant hazard, all other distributions yielded extrapolations with decreasing or
plateauing hazards, which are clinically implausible, and in agreement with the

Poisson model that included time as a predictor.

These findings support the idea that the fitted Poisson model assuming a constant
HHF risk represented the most clinically plausible choice. The assumption of a
constant hazard in the long-term may not hold, and it is possible that rates may
increase over time as patients progress and age, but as this increasing pattern could
not be observed in the data, it is more appropriately examined through scenario

analyses in the model.

As mentioned above in response to question B7, to explore the possibility that the
assumption of constant rate for HHF may not be appropriate, the company already
implemented a scenario where the rate of hospitalisation changes every month in the
model submitted to NICE. This scenario can be found in the “Context” sheet.
Implementing this monthly increase in the rates of hospitalisation (KCCQ-quartile 1=
0.4%, KCCQ-quartile 2= 0.3%, KCCQ-quartile 3= 0.2%, KCCQ-quartile 4= 0.1%),
resulted in an ICER of £13,860.49, which is lower compared to the base case ICER
of £14,428.65.

Given the results described above, the company believes that additional analysis on
time from first to subsequent hospitalisation does not offer additional information and
would not improve uncertainty of cost effectiveness. As time to subsequent

hospitalisation analysis breaks randomisation as baseline is redefined as having
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experienced an initial HHF, the insights from this analysis are potentially not valid or

useful.

Overall, the company believes that there is substantial evidence to support the
assumption of a constant HHF hazard over time. Nonetheless, even in the scenario

that the hazard increases, empagliflozin remains a cost-effective treatment option.

Figure 5. Hazard extrapolations from parametric models fitted on time to first HHF events

Abbreviations: HHF, hospitalization for heart failure.

Mortality

B11. Priority question. Regarding the scenario included in the model and
described in the CS, Table 50, Issue 7 - please disaggregate this analysis into

two separate options (i.e. two independent drop-down menus in the model):

1. A fitted curve to non-CV mortality for the placebo arm of the EMPEROR-
Preserved trial with no direct treatment effect and with no indirect
treatment effect through KCCQ-CSS predictors for the intention-to-treat
(ITT) population.

2. A fitted curve to CV-mortality for the placebo arm of the EMPEROR-
Preserved trial with no indirect treatment effect through KCCQ-CSS
predictors for the ITT population.
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As per EAG’s request, the company have programmed the aforementioned
scenarios into the model in the “Clinical Inputs” worksheet. The model now has an
option to choose to include or exclude KCCQ-CSS health state effect on
cardiovascular (CV) and all-cause (AC) mortality, separately. The deterministic
ICERSs for each scenario are reported in Table 13 below. Similarly, there is the option
to remove the treatment effect from both CV and AC mortality. As expected, the
different scenarios led to some changes in the ICER compared to base case ICER;
however, these differences are not substantial and therefore the conclusions

regarding the cost-effectiveness of empagliflozin remain robust.

Table 13. deterministic ICER obtained in the base case and suggested scenarios

Assumption Deterministic ICER (£/QALY)

Base case setting for all inputs £14,428.65

Scenario 1: fitted curve to AC mortality with no direct
treatment effect and with no indirect treatment effect £21,104.31
through KCCQ-CSS predictors for the ITT population

Scenario 2: fitted curve to CV mortality with no direct
treatment effect and with no indirect treatment effect £16,112.98
through KCCQ-CSS predictors for the ITT population

Abbreviations: AC, all-cause; CV, cardiovascular; ICER, incremental cost-effectiveness ratio; ITT,
intention-to-treat; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire - clinical summary score;
QALY, quality-adjusted life-years.

B12. Priority question. The company’s base case predicts that at 10 years in
the analysis, [J] of standard of care (SoC) patients are alive, while at 20 years

in the model there are still ] of SoC patients alive. Considering that:

A. Patients in EMPEROR-Preserved were 72 years at baseline, it seems
clinically implausible that ] of patients would still be alive at 92 years
with preserved ejection fraction (EF), therefore, please run a scenario in
the model where either these long-term extrapolations are validated by
external data; or an adjustment to the tail of the survival curve is

undertaken to reflect a more realistic survival prediction.

B. Clinical expert opinion provided to the EAG was that the preserved EF
population in the UK is on average 80 years at baseline, and presents

with considerable co-morbidities, please run a scenario in the model
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where the baseline age for the UK population is reflected in terms of life

expectancy in the long-term model.

The EAG questioned the model’s predictions in term of patients’ long-term survival
based on clinical expert feedback. The company appreciates the clinicians’ input
regarding patients’ long-term survival. As the long-term CV and non-CV mortality risk
is based on parametric distributions, the model already includes the option to choose
different distributions. In particular, generalised gamma and Gompertz lead to lower
overall survival, which at 10 years in analysis is [J] for the former and [} for the latter,
and at 20 years is [ for both. When selecting the generalised gamma and Gompertz
models, the deterministic ICER is £14,472.56 for generalised gamma, and
£17,552.60 for Gompertz, which is consistent with the conclusion for cost
effectiveness similar to the base case deterministic ICER of £14,428.65 based on
Weibull. Given that altering the distribution for mortality does not impact the
conclusions for cost effectiveness, the company concludes that modelling of long-
term survival is not a key contributor to model’s results. The company maintains that
Weibull is the most appropriate parametric distribution to model the long-term
survival of patients, as this choice was made on pre-specified statistical criteria and
visual inspection of all parametric models. The AIC and BIC statistics for the different
parametric distributions can be found in Table 29 (page 112) of the CS, and the fit of
the distributions can be seen in Figure 21 and Figure 22 (page 117).

As requested for part B of this question, a scenario was programmed into the model
changing the baseline age of the ITT population from 71.89 to 80 years. This results
in a decrease of the deterministic ICER from £14,428.65 (base case) to £14,021.13.
Therefore, the company believes that baseline age of patients in the model does not

alter the conclusion that empagliflozin is a cost-effective treatment.

B13. Priority question. Please fill the table below for the equivalent number of
patients in the trial and in the model, the equivalent time period (for all arms in
both the trial and the model) for CV deaths. Please include a corresponding

table in the Excel model, linked to the model engine results.

The EAG requested a table reporting the total number of CV deaths over 26 weeks,
and 3 years to be added in the model (see Table 14). The company was not certain

if 26 months was required as well (as was the case in B9), so this time point has also
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been added to the table in case it is of interest for the EAG. A table was programmed
into the model to obtain this information directly from the model’s engine. This can be
found in the “Context” sheet (cells K110:M112).

As noted in the response to question B9, the results show that there are some
differences in the number of events observed in EMPEROR-Preserved and those
predicted in the model. Nevertheless, the observed and predicted differences in CV
deaths between empagliflozin and placebo were similar, indicating that the
incremental results of the model remain valid. Therefore, the company believes that
this should be of minor consideration for the committee as it does not alter the

conclusion of cost effectiveness for empagliflozin.

Table 14. Comparison of total number of CV deaths observed in the trial and those predicted
in the cost-effectiveness model

EMPEROR-preserved CE model

Empagliflozin  Placebo

Empagliflozin Placebo + SoC (For +SoC (For
+ SoC (N= +SoC Difference the the Difference

2,997) (N=2,991) equivalent equivalent

N= 2,997) N=2,991)

Total number

of CV deaths [ ] [ | [ | [ | [ |

at 26 weeks

Total number

of CV deaths [ ] [ | [ | [ | [ |

at 26 months

Total number

of CV deaths [ ] [ | [ | [ | [ |

at 3 years

Abbreviations: CE, cost-effectiveness; CV, cardiovascular; SoC, standard of care.

B14. Priority question. The EAG is unclear why the company decided to
remove statistically significant predictors from the CV mortality equations
(such as age, prior atrial fibrillation [AF], etc.). Therefore, please include a
scenario in the model where the CV mortality equation includes all the

statistically significant predictors.

The EAG questioned the predictor selection process that was used in mortality

equations. Missing predictors were removed because they tested as statistically non-
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significant in the pre-specified variable selection process, as described in Section 4.1

of the Statistical Analysis Report and in response to question B8 above.

Statistically significant predictors were included in the extended list risk equations
(Table 15).

The model shared with the EAG includes the option to choose the extended list of
predictors for the risk equations. When the extended predictor list risk equation is
used to model mortality risk, the deterministic ICER is £16,955.14 as compared to
the base case ICER of £14,428.65. Therefore, the company believes that despite
using the alternative approach proposed from the EAG for the CV mortality equation,

empagliflozin remains a cost-effective treatment option.

The company wants to emphasize that the choice of using the reduced list of
equations as base case in the model was based on the validation step that was
conducted and described in section ‘B.3.13.1.1 Internal validity’ in the CS, which is
also mentioned above in response to question B8. Specifically, the rates of HHF, CV
death and non-CV death observed during the average trial follow-up of 26 months
were compared with the economic model predictions over the same time horizon.
The reduced set of equations resulted in estimates that were closer to the estimates
from the observed data, meaning that the model’s predictions were more validated
when using the reduced list of predictors compared to using the extended list of
predictors (
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Figure 4, question B8). Thus, the reduced list of predictors was used as the base

case.

Table 15. CV mortality risk equations using extended predictor list and time-varyign KCCQ-
CSS and NYHA health states, based on best-fitting (Weibull) distribution (Randomised set)

Formulation

KCCQ-CSS time-varying health states

Predictors Estimate p-value
Distribution parameters (Weibull)

Shape [ |
Scale [ | [ |
Empagliflozin 10mg (ref: placebo) [ | [ |
Prior atrial fibrillation or flutter (ref: no, unknown)

Yes [ | [ |
Age = 65 (ref: age < 65) [ | [ |
Male (ref: female) [ | [ ]
Race (ref: white, asian, multiple, pacific, unknown)

Black [ H
Native [ | [ |
Region (ref: Non Latin America)

Latin America ‘ [ | ‘ [ ]
Baseline KCCQ-CSS quartile (ref: Non-Q2 [55.7, 74])

Q2 [55.7, 74) - -
NT-proBNP (log-scale) [ | [ |
Prior HF (ref: no) [ | [ ]
Ischemic HF (ref: no) [ ] [ ]
Time since HF diagnosis (ref: 0-1 years)

1-5 years [ | [ |
5+ years [ | [ |
EQ-5D-3L (standardized) [ | [ |
Updated KCCQ-CSS quartile (ref: Q1 [0, 55.7))

Q2 [55.7, 74) [ | [ |
Q3 [74, 88) [ | |
Q4 [88, 100] [ | [ |
Updated NYHA class (ref: class IlI-IV)

Il - -
| - -
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Abbreviations: CV, cardiovascular; EQ-5D-3L, EuroQoL - Five Dimensions - Three Levels; HF, heart
failure; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire - clinical summary score; NT-
proBNP, N-terminal pro B-type natriuretic peptide; NYHA, New York Heart Association.

Treatment discontinuation

B15. The model predicts that patients will stay on treatment for a mean
duration of . years. Given that clinical expert opinion is that patients (who do
not discontinue treatment) stay on empagliflozin for the rest of their lives; the
baseline age of the model population (72 years); and the predicted survival for
modelled empagliflozin patients of ] years, it would appear that time on
treatment is underestimated in the long-term model. Therefore, can the
company please discuss the clinical plausibility of the estimated time on

treatment in the model.

The EAG queried the plausibility of the model’s predicted time to treatment
discontinuation for empagliflozin. Time to treatment discontinuation was modelled
using parametric distributions. The model includes the function to choose between
different parametric models for time to treatment discontinuation. The base case
applying the generalised gamma distribution resulted in a deterministic ICER of
£14,428.65/QALY. If log-normal distribution is chosen, which is the parametric model
leading to the longest time on treatment estimates, the time to treatment
discontinuation is 5 years, which aligns with what would be expected based on the
clinical expert’s opinion. The deterministic ICER for this scenario reduces to
£14,807.12/QALY, and thus not substantially different compared to base case,
leading the company to conclude that time to treatment discontinuation is not an

important factor affecting the cost-effectiveness results.

In addition, the model includes a functionality which allows the user to choose
between including or excluding treatment discontinuation. It can be found in the
“Clinical Inputs” tab at cell F149. In a scenario where treatment discontinuation is not
included and patients stay on treatment throughout their lifetime, the deterministic
ICER increases slightly from £14,428.65 (base case) to £15,125.77.

Based on the two scenarios above, the company believes that empagliflozin remains
cost-effective independently of the approach used to model time to treatment

discontinuation.
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Quality of life

B16. Priority question. Clinical expert opinion provided to the EAG indicated
that the assumption of a 12-month duration for the impact of HHF on patients’
QoL is overestimated. The experts indicated that the average length of stay in
the hospital for HHF for patients with preserved EF is 11 days (which isxx
mean stay for HHF in EMPEROR-Preserved). Subsequently, one expert
indicated that a reasonable assumption is that 1 day in hospital impacts
patients’ quality of life (QoL) for 1 week after discharge. The other clinical
expert indicated that 6 months of impact (as a maximum) could also be
plausible after discharge. Therefore, please conduct two alternative scenario

analyses where:

A. It is assumed that HHF events impact patients’ QoL for ] months after
discharge.
B. It is assumed that HHF events impact patients’ QoL for 6 months after
discharge.
The EAG noted correctly that the impact of HHF on HRQL lasts up to 12 months
after the event in the model. The disutility for HHF is calculated from the utility
equations, which use patient level data from EMPEROR-Preserved, similar to the
other risk equations (e.g., for mortality) in the model. The company clarifies that the
utility equation includes indicators for time since the hospitalisation rather than
duration. More specifically, the equation includes terms for 0-1, 1-2, 2-4, 4-12
months from hospitalisation vs. not hospitalised ever or in past 12 months. The
coefficient for 0-1 represents the change in utility in the first month after
hospitalisation, 1-2 represents the change in the second months after hospitalisation,
etc (shown in the CE model in the “Risk Equations — Lookup!” sheet). These
describe the course of change in utilities over the year following the hospitalisation
with patients returning to their pre-hospitalisation utility after one year. Therefore,
length of hospitalisations is not taken into account in the calculations in any way.
This is consistent with 12-month impact of HHF on patients’ quality of life which was
implemented in both TA773 and TA679, and for both appraisals this assumption was

considered acceptable by the appraisal committee.
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Published literature suggests that a 12-month duration for the disutility associated
with an HHF is a reasonable assumption. A systematic literature review of ten
studies as reported by Di Tanna et al 2021 [9] supports the assumption that a
hospitalisation event impacts a patient’s utility in the longer term. For example,
Gorostiza et al 2015 reported that over a 12-month period post hospitalisation,
patients demonstrated a lowered HRQoL in terms of mobility (81.7%) and usual
activities (82.1%). It is further clinically plausible that the disutility due to HFF last 12
months, as demonstrated by the study by Vaduganathan et al 2022, which showed
that for HFrEF and HFpEF patients experiencing a HHF event, KCCQ scores remain

below pre-hospitalisation estimates within 12 months following the event (Figure 6).

Although the company believes that the approach taken to model HHF disutility is
appropriate, the two scenarios requested from the EAG (i.e., impact of HHF lasts
2.75 and 6 months, respectively) were added in the model and can be found in the
“Context” sheet. When the impact of hospitalisation is assumed to last 2.75 months,
the HHF disutility is -0.0827, and when it lasts for 6 months, it is -0.1805. The ICER
for the first scenario increases to £17,911.77/QALY and for the second
£16,511.32/QALY, indicating that empagliflozin remains cost-effective even when the

HRQoL impact of HHF is assumed to be shorter.

Given that an assumption of 12 months duration for HHF disutility has been
accepted previously by NICE committee meetings and supported by the literature,
the company is confident that the approach is appropriate. Even when more
conservative approaches assuming shorter impact for HHF were implemented in the

model, the conclusions for empagliflozin’s cost-effectiveness did not change.
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Figure 6. Mean Kansas City Cardiomyopathy Questionnaire clinical summary scores before
and after a hospitalization for heart failure (Vaduganathan et al, 2022)

B17. Priority question. Please include age-related utility decrements
throughout the model time horizon using the algorithm published by Ara and
Brazier 2010.

The EAG requested the age-related utility decrements to be applied in the model.
Accordingly, a scenario was programmed into the model as per the EAG’s request.
For this scenario, a multiplier was calculated based on cohort age and sex using the
formula for general population EQ-5D reported in Ara and Brazier (2010) [10]. The
multiplier was incorporated into the utility calculations in the model engine sheets for
empagliflozin + SoC and SoC. In this scenario, the deterministic ICER slightly
increased to £14,988.54/QALY (Table 16) compared to the base case deterministic
ICER (£14,428.65/QALY). This very slight increase is driven by the slightly longer
survival of patients in the empagliflozin + SoC arm compared with those on SoC.

However, this scenario analysis has limited impact on the ICER and therefore should
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be of minor consideration for the committee as the conclusions for cost effectiveness

do not change.

Table 16. Deterministic cost-effectiveness results including age-related utility decrements
using the algorithm published by Ara and Brazier (2010)

Total Total Total Incremental Incremental | Incremental ICER
costs (£) LYG QALYs costs (£) LYG QALYs (E/QALY)

SoC £10,158.70 | 6.79 4.01 - -

Technology

Empagliflozin
+ SoC

Abbreviations: ICER, incremental cost-effectiveness ratio; LYG, life years gained; SoC, standard of
care; QALYSs, quality-adjusted life year.

£11,566.10 | 6.87 4.11 £1,407.40 0.07 0.09 £14,988.54

B18. Priority question. The CS states that, “There were no statistically
significant differences in EQ-5D [Euroqol 5 Dimensions] scores between the
two treatment groups in the EMPEROR-Preserved trial, hence the treatment
was not a predictor in the utility equation.” Furthermore, Table 32 in statistical
appendix N shows that change in utility from baseline to week 100 in the trial
was [JJ] for empaglifiozin and ] for placebo (mean difference of [Jj) over 3

years. Therefore, can the company please:

A. Compare the ] utility gain seen in the trial over 3 years with the
equivalent utility gain seen in the first 3 years of the economic model,
and explain any discrepancies.

B. Reconcile the statement in the CS with the utility gain estimated in the
model of [J]. The EAG is aware that the latter incorporates utility gains
beyond transitions between KCCQ-CSS states (related to HHF),
however, it notes that the impact of reducing HHF in the empagliflozin
arm of the trial (and of changes in KCCQ-CSS scores) did not seem to
be sufficient to show a statistical significant difference in patients’
health-related quality of life (HRQoL) between treatment arms.

The EAG queried the validity of the differences in utility gains as shown in the model.
As can be seen in Table 17, the same difference between the two arms in utility gain
of 0.02 over 3 years in the trial can also be seen in the results of the economic
model. No discrepancies found between the models’ prediction and the observed

results in the trial in terms of utility gain differences between the two arms. This
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increases the confidence of the company on the validity of the model’s results,

showing that empagliflozin can be considered cost-effective compared to SoC.

Another concern of the EAG is in regards to the utility gain differences at the end of
the model’s lifetime horizon. Utility gains in the model are influenced by multiple
inputs, including: the time patients spent in each KCCQ state, with healthier states
being related to higher utilities; adverse events, each of which have assigned a
disutility which is triggered when a patient experiences this event; rate of
hospitalisation due to heart failure, which functions similar to adverse event disutility.
Based on the assessment of uncertainty and scenarios performed in response to the
clarifications from the EAG, the company considers the lower risk of HFF as the
main driver of utility gains for empagliflozin compared to SoC. The difference in the
risk for hospitalisation due to heart failure between the two arms in the model (event
rate per 100 person years is B for empagliflozin and SoC, respectively) is a
reflection of the clinical data reported in the clinical trial (hazard ratio, 0.73; 95% ClI,
0.61 to 0.88; P<0.001). The company provided a further validation check as detailed
in Table 17, which shows that the predicted difference in utility gains found in the
model is reasonable and reflects the increased clinical efficacy of empagliflozin

compared to SoC.

Table 17. Utility results seen in year 3 of the economic model, disaggregated by health state

Empagliflozin + SoC arm SoC arm Incremental
KCCQ-CSS 1st Quartile [ ] | B
KCCQ-CSS 2nd Quartile [ ] | B
KCCQ-CSS 3rd Quartile [ ] | B
KCCQ-CSS 4th Quartile [ ] | B
Total QALYs H | H

Abbreviations: KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire - clinical summary score;
QALY, quality-adjusted life-year; SoC, standard of care.

B19. Priority question. Please provide the following mapped EQ-5D-3L data
(from the EQ-5D-5L data from EMPEROR-Preserved):

A. Average baseline EQ-5D-3L for both arms in the trial, together with
respective number of observations, and statistical significance for the

difference in utility at baseline across arms (as per table below).
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B. Change from baseline in mean EQ-5D-3L, for both arms in the trial,
together with respective number of observations, and statistical

significance of changes, for all available time points (see table below).

The company has provided the requested information below and would like to
emphasise that as expected (due to the randomisation performed) there are no
statistically significant differences between the two arms at EQ-5D-3L at baseline
Table 18Table 18. The results indicate the small but consistent differences between
the utility gains for patients in empagliflozin compared to SoC arms Table 19.
Overall, these results demonstrate the clinical efficacy of empagliflozin compared to
SoC.

Table 18. Baseline EQ-5D-3L for empagliflozin and placebo (Randomised set)

Empagliflozin 10 mg Placebo

Mean (SD)

Baseline EQ-5D-3L [ | [ |

Abbreviations: EQ-5D-3L, EuroQoL - Five Dimensions - Three Levels; SD, standard deviation.

Table 19. Change from baseline EQ-5D-3L for empagliflozin and placebo (Randomised set)

Change Empagliflozin 10 mg ‘ Placebo ‘

from Difference
Baseline ‘ Mean (SD) ‘ ‘ Mean (SD) ‘ (SE; p-value)
Week 12 [ | [ | [ | B [ |
Week 32 [ | [ | [ | B [ |
Week 52 [ | [ | [ | [ | [ ]
Week 100 [ | [ | [ | [ | [ |
Week 148 [ | [ | [ | [ | [ ]

Abbreviations: SE, standard error; SD, standard deviation.

B20. Priority question. Please explain why non-statistically significant
variables (such as KCCQ-CSS scores at baseline) were included as covariates

in the HRQoL regression model (Table 36 in the CS). Please consider removing
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non-statistically significant variables and rerunning the equation to estimate

utility values in the model.

The EAG questions the predictors included in the risk equation for utilities. In the
utility equations, all types of treatment-emergent adverse events were exempt from
removal regardless of their statistical significance because their impact on utilities
was of primary interest, as they were used as inputs for the model. Thus, the
company cannot run a scenario with those predictors removed, as their coefficients

are used to populate the model.

All levels of multi-level categorical predictors were retained if at least one level was
statistically significant. This is true in the case of baseline KCCQ-CSS quartile in
Table 20 below (Table 36 in the CS), where quartile 1 (KCCQ-CSS score of 0 to 55)
is statistically significant at the 10% level, with a p-value of 0.042. It is also true in the
case of the Region predictor, where levels “Latin America” and “Other” are
statistically significant, and hence the non-significant levels “North America” and
“Asia” are also retained. Therefore, the company maintains that a pre-specified and

transparent approach was applied to populate the model with utility estimates.

Table 20. Health-related quality of life equation derived from EMPEROR-Preserved trial
(Randomised set)

Covariate Coefficient ‘ SE ‘ p-value

Distribution/Type Linear Mixed Model

Intercept [ | [ ] [ |
Demographics

Age 265 [ | [ ] [ |
Male (ref: Female) [ | [ | |
Region

Latin America [ | [ ] [ |
North America . . .
Asia [ | | |
Other [ | [ ] [ |

Baseline KCCQ quartile (ref: [88.02, 100])

KCCQ-CSS: 75 to <90
(Quartile 3) | | [
KCCQ-CSS: 55 to <75
(Quartile 2) | | [
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Covariate Coefficient

Quortio 1) u u u
Medical History

Time Since HHF

HHF: <1 month [ [ H
HHF: 1 to <2 months . . .
HHF: 2 to <4 months [ | [ | |
HHF: 4 to <12 months [ [ H
AE

Urinary tract infection [ ] [ | |
Genital Mycotic Infection [ ] [ | |
Acute renal failure [ | | |
Hepatic injury N _ _
Volume depletion . . .
Hypotension [ | [ | [ |
Hypoglycaemic event [ ] [ | |
Bone fracture [ | [ | |
Ketoacidosis* [ | | |

*Not included in the base-case.

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.

B21. Priority question. Please discuss the clinical plausibility of the
considerably higher HHF-related disutility value estimated from the EMPEROR-
Preserved population compared with the EMPEROR-Reduced population.

As the EAG noted, there is a difference in the 12-month disutility as estimated in
EMPEROR-Preserved and EMPEROR-Reduced. The company believes that this
difference is in line with other differences noted in terms of the target population and
baseline characteristics of the two populations in the trials. In particular, the mean
age in EMPEROR-Preserved is 71.8 and 71.9 for empagliflozin and placebo, and for
EMPEROR-Reduced is 67.2 and 66.5 respectively. In addition, as noted also in
question A1 above, EMPEROR-Preserved population was slightly older on average
at baseline (71 versus 67), which is associated with higher comorbidities as would be

expected in an older population. Further, the average atrial fibrillation in EMPEROR-
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Reduced was 35-37% vs 50-51% in EMPEROR-Preserved, with hypertension in
72% versus 90% of the trial population, respectively, both of which are associated
with a higher risk of adverse events in the EMPEROR-Preserved population.
Furthermore, in EMPEROR-Reduced the overall adverse events were 76.2% in
empagliflozin arm vs 78.2% in the placebo arm, and 85.9% in the empagliflozin arm
vs 86.5% in the placebo arm in the EMPEROR-Preserved trial. Therefore, it appears
that the observation that the population of EMPEROR-Preserved is older and has

more adverse events is also reflected in the disutility for HHF.

It is also possible that there is a difference in the type of treatment that HFrEF and
HF>40%EF patients are receiving. On some occasions patients with HF>40%EF
could be more likely to be treated less aggressively by clinicians. This can be due to
unconscious bias in the management from clinicians, since for patients who are older
and with more comorbidities (as patients in EMPEROR-Preserved are), clinicians are
more likely to discuss the End-of-Life criteria. This could also impact how patients

perceive the HHF and how it affects their quality of life.

Nevertheless, the company believes that the HHF disutility used is not likely to have
a substantial impact in the results showing the cost-effectiveness of empagliflozin, so
it is potentially of less interest for the committee. This is reflected in the scenario
described in question B16, where the impact of hospitalisation was assumed to last
2.75 months and 6 months, in which the ICER was £17,911.77/QALY and
£16,511.32/QALY, respectively, indicating that empagliflozin remained cost-effective

even when the HRQoL impact of HHF is assumed to be shorter.

B22. Priority question. Please discuss the clinical plausibility of the slightly
higher KCCQ-CSS utility values (unadjusted for age) estimated from the
EMPEROR-Reduced population compared with the EMPEROR-Preserved

population.

The company believes that the difference in utilities between patients in EMPEROR-
Reduced and EMPEROR-Preserved reflect the other differences noted in terms of
the target population and baseline characteristics between the trials. As detailed in
questions A1 and B20 above, the main differences between the two populations are
baseline age and incidence of adverse events. In particular, the mean age in

EMPEROR-Preserved is 71.8 and 71.9 for empagliflozin and placebo, and for
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EMPEROR-Reduced is 67.2 and 66.5 respectively. Adverse event incidence rates
were lower compared to placebo arm (76.2% in empagliflozin arm vs 78.2% in the
placebo arm in EMPEROR-Reduced, and 85.9% in the empagliflozin arm vs 86.5%
in the placebo arm in the EMPEROR-Preserved trial). It seems that, although in
terms of heart failure symptoms patients in EMPEROR-Preserved would be
expected to have higher utilities, the impact of age in conjunction with adverse

events is the main driver of the mean utilities.
Costs and resource use

B23. Priority question. Please include a scenario analysis in the model
reflecting the distribution of SoC treatments in the table below (advised by the

EAG’s clinical experts).

As requested, a scenario was programmed into the model using the suggested
distribution of SoC treatments Table 21. The deterministic ICER decreased from
£14,428.65 to £14,409.71. Given that this scenario analysis has limited impact on

the ICER, it should be of minor consideration for the committee.

Table 21. Distribution of SoC treatments suggested by the EAG

Drug class ITT Proportion

ACEi

40%

ARB

39%

ARNi

0%

MRA

37%

Beta blocker

86%

Loop or high ceiling diuretics

80%

Abbreviations: ACEi. angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor-blocker;
ITT, intention-to-treat; MRA, mineralocorticoid receptor antagonists.

B24. Priority question. Please include a scenario analysis in the model

reflecting the distribution of SoC treatments received by patients in the
EMPEROR-Preserved trial (Table 10.4.4.1:1, page 98) in the clinical study
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report (CSR), in order to match SoC costs with treatment effectiveness in the

model.

The company believes that there was a misunderstanding on the distribution and
source of SoC used in the model. The inputs used in the model are the same as
those proposed by the EAG. The confusion potentially stems from the fact that Table
10.4.4.1: 1 of the CSR, which is the one referred in the EAG’s question, sources the
data from Table 15.1.4: 13 of the CSR, which is the table that the company used to
extract the data. The only difference is that the percentages reported for ACE
inhibitors (ACEi) and ARB were aggregated in Table 10.4.4.1: 1, but disaggregated
in Table 15.1.4: 13. The company used the disaggregated percentages to allow for

more appropriate costing.

B25. Priority question. Similarly to TA773, please include the following

scenario analyses in the model:

A. Use the following costs (and update to the current cost year where
needed) from Table 3 in the Alva paper: fatal myocardial infarction
£1,521, fatal ischaemic heart disease £3,766, and fatal stroke £3,954.

B. Estimate the weighted costs of CV-death by the proportion of events
leading to CV deaths observed in EMPEROR-Preserved (Table
11.1.2.4.2:1, page 120 of the CSR).

C. Assume the cost of sudden cardiac death to be zero and alternatively;

D. Use the unit cost of £1,632 for all sudden cardiac deaths in the model
corresponding to the total HRG costs for cardiac arrest (NHS Costs

2019-20) and update the cost as necessary.

The EAG requested a number of scenarios to be included in the model, in which
different costs, and their combinations, are applied. A scenario was programmed into
the model to use the suggested cost estimates for fatal myocardial infarction, fatal
ischaemic heart disease, and fatal stroke as requested in question B25 A. Overall,
the deterministic ICER slightly increased from £14,428.65 to £14,501.34 without any

impact on cost-effectiveness conclusions.
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Regarding point B, C and D above, two additional scenarios were programmed into
the model (separate from the above-mentioned point A). The results are reported
below Table 22able 22. Overall, the deterministic ICER marginally increased and

does not impact the conclusion regarding cost-effectiveness.

Table 22. Overview of ICERs from base case and scenario analyses

Assumption Deterministic ICER (£/QALY)

Base case setting for all inputs £14,428.65

Scenario 1: Use fatal myocardial infarction, fatal
ischaemic heart disease, and fatal stroke costs as £14,501.34
reported in the Alva paper.

Scenario 2 (conservative approach): Estimate the
weighted costs of CV-death by the proportion of
events leading to CV deaths observed in EMPEROR- £14,837.39
Preserved, assuming the cost of sudden cardiac
death to be zero.

Scenario 3 (non-conservative approach): Estimate
the weighted costs of CV-death by the proportion of
events leading to CV deaths observed in EMPEROR-
Preserved, assuming the cost of sudden cardiac
death to be £1,632 (total HRG costs for cardiac arrest
[NHS Costs 2019-20]).

Abbreviations: CV, cardiovascular; HRG, healthcare resource group; ICER, incremental cost-
effectiveness ratio; NHS, National Health Service; QALY, quality-adjusted life-years.

£14,703.84

B26. Priority question. Given the duration of HHF in EMPEROR-Preserved is:
mean [J]; median [Jll; and Q3 ] and that the more severe cost code used
for HHF (EBO3A) is associated with a 53-day long hospitalisation, whereas the
less severe cost code (EBO3E) is associated with 13 days in hospital, please
conduct a scenario analysis in the model where the cost of £2,062 (after
appropriately inflated to the cost year) is used to calculate the cost of all HHFs
events in the model.

The EAG requested a scenario where the cost code for less severe HHF (EBO3E:
£2,062.20) only is to be used as the cost of all HHFs events in the model. A scenario
was programmed into the model to use the suggested cost estimate. Overall, the
deterministic ICER slightly increased from £14,428.65 (base case) to £15,214.44

without any impact on cost-effectiveness conclusions.

Clarification questions Page 45 of 47



Section C: Textual clarification and additional points

C1. Please confirm that the incremental cost-effectiveness ratio (ICER)
reported in Table 46 of the CS for the time horizon of 20 years is correct. The
EAG would expect the resulting ICER to be higher than the company’s base
case ICER.

The EAG is correct that there was an error with the ICER for 20 years in CS. The
company apologises for this mistake. The correct ICER for 20 years follow-up is
£14,583, so slightly increased from £14,428.65 (base case), as the EAG expected.
The corrected ICER does not have an impact on the conclusions for the cost-

effectiveness of empagliflozin.
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Single Technology Appraisal

Empagliflozin for treating chronic heart failure with preserved or mildly reduced ejection
fraction [ID3945]

Professional organisation submission
Thank you for agreeing to give us your organisation’s views on this technology and its possible use in the NHS.

You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available
from the published literature.

To help you give your views, please use this questionnaire. You do not have to answer every question — they are prompts to
guide you. The text boxes will expand as you type.

Information on completing this submission

e Please do not embed documents (such as a PDF) in a submission because this may lead to the information being
mislaid or make the submission unreadable

e We are committed to meeting the requirements of copyright legislation. If you intend to include journal articles in your
submission you must have copyright clearance for these articles. We can accept journal articles in NICE Docs.

e Your response should not be longer than 13 pages.
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N I c National Institute for
Health and Care Excellence

About you

1. Your name

2. Name of organisation

UK Clinical Pharmacy Association — Heart Failure Committee

3. Job title or position

4. Are you (please select
Yes or No):

An employee or representative of a healthcare professional organisation that represents clinicians? Yes
A specialist in the treatment of people with this condition? Yes

A specialist in the clinical evidence base for this condition or technology? Yes

Other (please specify):

5a. Brief description of
the organisation
(including who funds it).

A membership organisation for pharmacy professionals, funded by membership fees

5b. Has the organisation
received any funding
from the manufacturer(s)
of the technology and/or
comparator products in
the last 12 months?
[Relevant manufacturers
are listed in the
appraisal matrix.]

If so, please state the
name of manufacturer,
amount, and purpose of
funding.

[Could not find appraisal matrix.]

5c. Do you have any

direct or indirect links
with, or funding from,
the tobacco industry?

Professional organisation submission
Empagliflozin for treating chronic heart failure with preserved or mildly reduced ejection fraction [ID3945]
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The aim of treatment for this condition

6. What is the main aim
of treatment? (For
example, to stop
progression, to improve
mobility, to cure the
condition, or prevent
progression or
disability.)

The main goals of heart failure treatment are to :

Relieve signs and symptoms - improve quality of life for patients
Prevent hospital admission

Prevent disease progression

Reduce mortality

Of particular emphasis for patients with heart failure with a mildly reduced (HFmrEF) or preserved ejection
fraction (HFpEF), is to delay progression to heart failure with a reduced ejection fraction (HFrEF)

7. What do you consider
a clinically significant
treatment response?
(For example, a
reduction in tumour size
by x cm, or a reduction
in disease activity by a
certain amount.)

A reduction in hospital admission 20% (RRR)
A reduction in CV death 20% (RRR)

An improvement in scores related to quality of life using a validated patient tool — Kansas City Cardiomyopathy
questionnaire (KCCQ) or Minnesota Living with Heart Failure

Slower decline of renal function

8. In your view, is there
an unmet need for
patients and healthcare
professionals in this
condition?

Yes

HFpEF and HFmrEF accounts for half of all patients diagnosed with heart failure and is a growing concern.
Management of these patients is a significant challenge, as there are no specific treatments to improve prognosis
or clear way to diagnose.

The evidence base and treatment options are predominantly for patients with HFrEF (ejection fraction <40%).

What is the expected place of the technology in current practice?

9. How is the condition
currently treated in the
NHS?

This appraisal considers two different phenotypes:

Professional organisation submission
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HFmrEF (EF 41-49%) — No substantial RCT has been performed exclusively in HFmrEF. Some of the
pharmacological treatment options for patients with HFrEF may be considered for this cohort of patients
(European Society of Cardiology Guidelines, 2021). This includes ACE inhibitors/Angiotensin Il receptor
blockers/neprilysin inhibitors, beta-blockers and mineralocorticoid receptor antagonists.

HFpEF (EF > 50%) — Treatment is focussed on managing patient comorbidities such as atrial fibrillation,
diabetes, hypertension, kidney disease. Weight loss in obese patients and increasing exercise may improve
symptoms and exercise capacity.

Diuretics are provided to patients with all types of heart failure to reduce congestion.

There is no evidence to advise non-pharmacological treatment (CRT or ICD therapy) in patients with HFmrEF or
HFpEF.

9a. Are any clinical
guidelines used in the
treatment of the condition,
and if so, which?

2018 NICE Chronic heart failure in adults: diagnosis and management NICE Guideline 106
2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure

European Heart Journal, Volume 42, Issue 36, 21 September 2021, Pages 3599-3726
https://doi.org/10.1093/eurheartj/ehab368

9b. Is the pathway of care
well defined? Does it vary
or are there differences of
opinion between
professionals across the
NHS? (Please state if your
experience is from outside
England.)

The pathway of care varies.

Diagnosis is unclear and the terminology of HFmrEF and HFpEF is not widely understood by other professionals.
Not all specialist in HF agree on how to diagnose HFmrEF and HFpEF. Thereafter the treatment pathway may
also differ. Some heart failure specialist services only see patients with EF<40%, therefore the increasing
numbers of patients with HFmrEF and HFpEF poses a large burden to the NHS and particularly primary care,
who may be managing these patients independently. These patients often have multiple presentations in A+E
and are often admitted with fluid overload.

9c¢c. What impact would the
technology have on the
current pathway of care?

The technology will provide a treatment option for patients where there is little or no evidence for any
pharmacological treatment other than symptomatic relief.

It may increase awareness of HFmrEF and HFpEF as more patients will be eligible for treatment.

Professional organisation submission
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The technology might encourage commissioners to extend the scope of current heart failure services and
provide more standardised pathways of care. This is essential to be able to deliver this urgently needed
treatment.

10. Will the technology be
used (or is it already used)
in the same way as current
care in NHS clinical
practice?

It is already used for HFrEF, type 2 diabetes mellitus so clinicians are relatively experienced prescribing it
already. The dose is the same as other indications.

10a. How does healthcare
resource use differ
between the technology
and current care?

The addition of an SGLT-2 inhibitor would require the patient to take one extra tablet a day (there is only one
dose). Baseline bloods and a repeat check 2-4 weeks post initiation will be required similar to many other heart
failure medications. No extra healthcare resource use is expected.

10b. In what clinical setting
should the technology be
used? (For example,
primary or secondary care,
specialist clinics.)

All clinical settings can use this technology — primary care, secondary care, specialist HF clinics — but it will most
likely be initiated in primary care or a specialist HF clinic. It would also be used for patients admitted to hospital
with HFmrEF and HFpEF — to optimise care prior to discharge.

10c. What investment is
needed to introduce the
technology? (For example,
for facilities, equipment, or
training.)

Empagliflozin is already used in the management of type 2 diabetes mellitus, HFrEF and CKD. Many teams are
already becoming upskilled to prescribe and monitor patients on empagliflozin. Further training and education
may be required to improve the management of these patients.

11. Do you expect the
technology to provide
clinically meaningful
benefits compared with
current care?

Yes — there is very little existing medication or technology that treats patients with an EF >40% other than
diuretics and the management of co-morbidities. The SGLT2i’s are the first medication to offer a reduction in HF
hospitalisation which has a huge impact on patient care and the NHS.

11a. Do you expect the
technology to increase
length of life more than
current care?

Yes
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11b. Do you expect the
technology to increase
health-related quality of life
more than current care?

Yes

12. Are there any groups of
people for whom the
technology would be more
or less effective (or
appropriate) than the
general population?

Patients with Heart Failure (irrespective of EF), type 2 diabetes mellitus and CKD all have licenses to use
empagliflozin. Improvements seen were in a broad range of patients with heart failure.

The use of the technology

13. Will the technology be
easier or more difficult to
use for patients or
healthcare professionals
than current care? Are
there any practical
implications for its use (for
example, any concomitant
treatments needed,
additional clinical
requirements, factors
affecting patient
acceptability or ease of use
or additional tests or
monitoring needed.)

The treatment is relatively easy to implement as it has been used for a number of years already in other
indications. Baseline bloods will be required including U+E’s, LFTs, SGLT2i and FBCs. The patient would then
need their volume status reviewed prior to initiation. Patients should be reviewed between 2-4 weeks post initiation
to ensure renal function stable and the patient has tolerated. There is no further dose titration required. Thereafter,
monitoring should be done in line with normal management of the HF patient (unless the diabetic management

needs further review).

Prescribing could be in Primary care or Secondary care, although the diagnosis would likely need to be done in

Secondary care and the first prescription may be better initiated in clinic.

14. Will any rules (informal
or formal) be used to start
or stop treatment with the

technology? Do these

No, the treatment will be ongoing indefinitely once initiated. The treatment would only be stopped if the patient

developed significant side-effects.
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include any additional
testing?

15. Do you consider that
the use of the technology
will result in any
substantial health-related
benefits that are unlikely to
be included in the quality-
adjusted life year (QALY)
calculation?

Yes — it is expected that empagliflozin will reduce hospital admission for HF and improve the prognosis of patients
with HFpEF and HFmrEF.

16. Do you consider the
technology to be
innovative in its potential
to make a significant and
substantial impact on
health-related benefits and
how might it improve the
way that current need is
met?

Yes — there is currently no alternative evidence-based treatment which shows reduction in hospital admission and
cardiovascular death. These patients are often poorly managed as many HF services exclude them from their

services due to lack of capacity and underfunding. Patients often have multiple hospital admissions at present.

16a. Is the technology a
‘step-change’ in the
management of the
condition?

Yes - little alternative to treat this patient population as above

16b. Does the use of the
technology address any
particular unmet need of
the patient population?

Yes — little alternative to treat this patient population as above

17. How do any side effects
or adverse effects of the
technology affect the
management of the
condition and the patient’s
quality of life?

The most common side effects of SGLT-2 inhibitors are: urinary tract infections, genital infections,
normoglycaemic diabetic ketoacidosis, dizziness due to hypotension. We would recommend the SGLT-2 inhibitor
is stopped immediately in any patient who develops normoglycaemic diabetic ketoacidosis (DKA) - and medical
teams need to be aware of the rare possibility of this if the patient becomes unwell. The other side effects are
usually less serious and settle when the medication is withheld.
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Patients should be advised of possible side effects when the medication is started so they know to seek medical
attention should they develop any including providing a patient information booklet. They should also be
counselled on “sick-day rules” and to withhold the medication if acutely unwell and at risk of dehydration e.g
vomiting, diarrhoea, to reduce the risk of DKA. This is routine practice when SGLT-2 inhibitors are used for other

licensed indications.

Sources of evidence

18. Do the clinical trials
on the technology reflect
current UK clinical
practice?

EMPEROR-preserved (2021) showed empagliflozin reduced the combined risk of cardiovascular death or
hospitalization for heart failure in patients with heart failure and a preserved ejection fraction, regardless of the
presence or absence of diabetes.

In June 2022 the MHRA approved a change in the licence of empagliflozin — it is now indicated for the treatment of
symptomatic chronic heart failure and data from the EMPEROR-preserved trial was added to the SmPC.

However this is not currently reflected in the NICE guidelines, so the use of SGLT-2 inhibitors is at the discretion
of the clinician and funding is not agreed in many ICS/ICBs. Those familiar with treating this group of patients may

choose to prescribe it, but those who see them less often are very unlikely at present to prescribe it.

18a. If not, how could the
results be extrapolated to
the UK setting?

Update the NICE guidance to facilitate prescribing empagliflozin in this patient cohort.

18b. What, in your view,
are the most important
outcomes, and were they
measured in the trials?

Combined risk reduction in cardiovascular death and hospitalization for heart failure. Both measured in the trial.
Alongside this, an improvement in patient quality of life, using a validated tool.
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In patients with HFpEF, SGLT-2 inhibition led to a 21% lower relative risk in the composite of cardiovascular death
or hospitalization from heart failure. There was a 29% lower risk of hospitalization for heart failure. These results
were consistent in those with or without diabetes, and across the range of preserved ejection fractions.

Patients treated with empagliflozin had significant improvement in the KCCQ score (quality of life) versus placebo.

This improvement was seen early in treatment and sustained for 1 year.

18c. If surrogate outcome
measures were used, do
they adequately predict
long-term clinical
outcomes?

N/A

18d. Are there any
adverse effects that were
not apparent in clinical
trials but have come to
light subsequently?

None known

19. Are you aware of any
relevant evidence that
might not be found by a
systematic review of the
trial evidence?

No

20. How do data on real-
world experience
compare with the trial
data?

So far patients initiated on an SGLT2i for HFrEF generally tolerate it well and feel a benefit from as early as 4
weeks. Elderly and frail patients often require diuretic dose cessation or reduction than those represented in the

trial but still tolerate it well.

Professional organisation submission

Empagliflozin for treating chronic heart failure with preserved or mildly reduced ejection fraction [ID3945]

9 of 11




NIC

Equality

National Institute for
Health and Care Excellence

21a. Are there any
potential equality issues
that should be taken into
account when
considering this
treatment?

21b. Consider whether
these issues are different
from issues with current
care and why.

Key messages

24. In up to 5 bullet
points, please summarise
the key messages of your
submission.

Patients with HFrEF and HFpEF are a large population which have a poor quality of life and life expectancy
and currently have no pharmacological treatment available with evidence of reduction in hospitalisation,
improvement in quality of life or CV death

The prevalence of this patient cohort is expending as we have a growing older, frailer and obese population
which will contribute to greater demands on hospital services and hospital admissions.

Empagliflozin was the first pharmacological therapy in a RCT to show a significant reduction in the primary
end point to reduce HF hospitalisations and CV death

Empagliflozin has the ability to make a huge impact on how we manage this cohort of patients and hopefully
lead to investment in services to manage these patients appropriately

Increased usage of empagliflozin in HF patients across the spectrum of EF will increase clinician knowledge
and confidence to prescribe this treatment for all indications.

Thank you for your time.

Please log in to your NICE Docs account to upload your completed submission.
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Your privacy
The information that you provide on this form will be used to contact you about the topic above.

Please select YES if you would like to receive information about other NICE topics - YES erNO

For more information about how we process your personal data please see our privacy notice.
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Single Technology Appraisal

Empagliflozin for treating chronic heart failure with preserved or mildly reduced ejection fraction
[ID3945]

Patient expert statement
Thank you for agreeing to give us your views on this treatment and its possible use in the NHS.
Your comments and feedback on the key issues below are really valued. You can provide a unique perspective on conditions and
their treatment that is not typically available from other sources. The external assessment report (EAR) and stakeholder responses

are used by the committee to help it make decisions at the committee meeting. Usually, only unresolved or uncertain key issues will
be discussed at the meeting.

Information on completing this form

In part 1 we are asking you about living with chronic heart failure with preserved or mildly reduced ejection fraction or caring for a

patient with chronic heart failure with preserved or mildly reduced ejection fraction. The text boxes will expand as you type.
In part 2 we are asking you to provide 5 summary sentences on the main points contained in this document.

Help with completing this form

If you have any questions or need help with completing this form please email the public involvement (PIP) team at
pip@nice.org.uk (please include the ID number of your appraisal in any correspondence to the PIP team).
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Please use this questionnaire with our hints and tips for patient experts. You can also refer to the Patient Organisation submission
quide. You do not have to answer every question — they are prompts to guide you. There is also an opportunity to raise issues
that are important to patients that you think have been missed and want to bring to the attention of the committee.

Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable. Please type information directly into the form.

We are committed to meeting the requirements of copyright legislation. If you want to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs. For copyright reasons, we will
have to return forms that have attachments without reading them. You can resubmit your form without attachments, but it must be
sent by the deadline.

Your response should not be longer than 15 pages.

The deadline for your response is 5pm on Friday 28 October. Please log in to your NICE Docs account to upload your completed
form, as a Word document (not a PDF).

Thank you for your time.

We reserve the right to summarise and edit comments received during engagement, or not to publish them at all, if we
consider the comments are too long, or publication would be unlawful or otherwise inappropriate.

Comments received during engagement are published in the interests of openness and transparency, and to promote
understanding of how recommendations are developed. The comments are published as a record of the comments we
received, and are not endorsed by NICE, its officers or advisory committees.
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Part 1: Living with this condition or caring for a patient with chronic heart failure with

preserved or mildly reduced ejection fraction

Table 1 About you, chronic heart failure with preserved or mildly reduced ejection fraction, current treatments and

equality

1. Your name

2. Are you (please tick all that apply)

O A patient with chronic heart failure with preserved or mildly reduced ejection
fraction?

O A patient with experience of the treatment being evaluated?

] A carer of a patient with chronic heart failure with preserved or mildly

reduced ejection fraction?

X A patient organisation employee or volunteer?
] Other (please specify):
3. Name of your nominating organisation
4. Has your nominating organisation provided a O No (please review all the questions and provide answers when
submission? (please tick all options that apply) possible)
X Yes, my nominating organisation has provided a submission
U | agree with it and do not wish to complete a patient expert statement
O Yes, | authored / was a contributor to my nominating organisations
submission
O | agree with it and do not wish to complete this statement
O | agree with it and will be completing

5. How did you gather the information included in
your statement? (please tick all that apply)

X

| am drawing from personal experience

Patient expert statement
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X | have other relevant knowledge or experience (for example, | am drawing
on others’ experiences). Please specify what other experience:

O | have completed part 2 of the statement after attending the expert
engagement teleconference

Ol I have completed part 2 of the statement but was not able to attend the
expert engagement teleconference

O | have not completed part 2 of the statement

6. What is your experience of living with chronic heart
failure with preserved or mildly reduced ejection
fraction?

If you are a carer (for someone with chronic heart
failure with preserved or mildly reduced ejection
fraction) please share your experience of caring for
them

| volunteer for Pumping Marvellous as a patient educator & speak to patients with
HFpEF every day.

7a. What do you think of the current treatments and
care available for chronic heart failure with preserved
or mildly reduced ejection fraction on the NHS?

7b. How do your views on these current treatments
compare to those of other people that you may be
aware of?

The current treatments for HFpEF are currently very limited.

8. If there are disadvantages for patients of current
NHS treatments for chronic heart failure with
preserved or mildly reduced ejection fraction (for
example, how they are given or taken, side effects of
treatment, and any others) please describe these

There are very few treatments available that offer benefits to prognosis, QoL or offer

hope to patients with HFpEF.

9a. If there are advantages of empagliflozin over
current treatments on the NHS please describe these.
For example, the effect on your quality of life, your
ability to continue work, education, self-care, and care
for others?

The advantages are that we need more medication choices for people with
HFpEF

QoL would probably be the most beneficial to patients.
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9b. If you have stated more than one advantage,
which one(s) do you consider to be the most
important, and why?

9c. Does empagliflozin help to overcome or address
any of the listed disadvantages of current treatment
that you have described in question 8? If so, please
describe these

10. If there are disadvantages of empagliflozin over
current treatments on the NHS please describe these.

For example, are there any risks with empagliflozin? If you
are concerned about any potential side effects you have
heard about, please describe them and explain why

We need more choices & this drug offers more advantages than disadvantages.
The fact that it can drop blood pressure is the only disadvantage I've come across.

11. Are there any groups of patients who might benefit
more from empagliflozin or any who may benefit less?
If so, please describe them and explain why

Consider, for example, if patients also have other
health conditions (for example difficulties with mobility,
dexterity or cognitive impairments) that affect the
suitability of different treatments

It's about choice. The more alternatives for patients the better.

12. Are there any potential equality issues that should
be taken into account when considering chronic heart
failure with preserved or mildly reduced ejection
fraction and empagliflozin? Please explain if you think
any groups of people with this condition are
particularly disadvantaged

Equality legislation includes people of a particular age,
disability, gender reassignment, marriage and civil
partnership, pregnancy and maternity, race, religion or
belief, sex, and sexual orientation or people with any other
shared characteristics

Lack of choice, research & prescribing inequalities

It would be beneficial if primary care practitioners could prescribe these drugs to HF
patients in the same way they do to diabetics.

Patient expert statement
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More information on how NICE deals with equalities
issues can be found in the NICE equality scheme

Find more general information about the Equality Act and
equalities issues here.

13. Are there any other issues that you would like the
committee to consider?

Patient expert statement
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Part 2: Key messages

In up to 5 sentences, please summarise the key messages of your statement:

e Click or tap here to enter text.
e Click or tap here to enter text.
e Click or tap here to enter text.
e Click or tap here to enter text.

e Click or tap here to enter text.

Thank you for your time.

Your privacy

The information that you provide on this form will be used to contact you about the topic above.

Please tick this box if you would like to receive information about other NICE topics.

For more information about how we process your personal data please see NICE's privacy notice.
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Single Technology Appraisal

Empagliflozin for treating chronic heart failure with preserved or mildly reduced ejection fraction
[ID3945]

Patient expert statement
Thank you for agreeing to give us your views on this treatment and its possible use in the NHS.
Your comments and feedback on the key issues below are really valued. You can provide a unique perspective on conditions and
their treatment that is not typically available from other sources. The external assessment report (EAR) and stakeholder responses

are used by the committee to help it make decisions at the committee meeting. Usually, only unresolved or uncertain key issues will
be discussed at the meeting.

Information on completing this form

In part 1 we are asking you about living with chronic heart failure with preserved or mildly reduced ejection fraction or caring for a

patient with chronic heart failure with preserved or mildly reduced ejection fraction. The text boxes will expand as you type.
In part 2 we are asking you to provide 5 summary sentences on the main points contained in this document.

Help with completing this form

If you have any questions or need help with completing this form please email the public involvement (PIP) team at
pip@nice.org.uk (please include the ID number of your appraisal in any correspondence to the PIP team).
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Please use this questionnaire with our hints and tips for patient experts. You can also refer to the Patient Organisation submission
quide. You do not have to answer every question — they are prompts to guide you. There is also an opportunity to raise issues
that are important to patients that you think have been missed and want to bring to the attention of the committee.

Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable. Please type information directly into the form.

We are committed to meeting the requirements of copyright legislation. If you want to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs. For copyright reasons, we will
have to return forms that have attachments without reading them. You can resubmit your form without attachments, but it must be
sent by the deadline.

Your response should not be longer than 15 pages.

The deadline for your response is 5pm on Friday 28 October. Please log in to your NICE Docs account to upload your completed
form, as a Word document (not a PDF).

Thank you for your time.

We reserve the right to summarise and edit comments received during engagement, or not to publish them at all, if we
consider the comments are too long, or publication would be unlawful or otherwise inappropriate.

Comments received during engagement are published in the interests of openness and transparency, and to promote
understanding of how recommendations are developed. The comments are published as a record of the comments we
received, and are not endorsed by NICE, its officers or advisory committees.
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Part 1: Living with this condition or caring for a patient with chronic heart failure with

preserved or mildly reduced ejection fraction

Table 1 About you, chronic heart failure with preserved or mildly reduced ejection fraction, current treatments and

equality

1. Your name

Nick Hartshorne-Evans

2. Are you (please tick all that apply)

O A patient with chronic heart failure with preserved or mildly reduced ejection
fraction?

X A patient with experience of the treatment being evaluated?

] A carer of a patient with chronic heart failure with preserved or mildly

reduced ejection fraction?
X A patient organisation employee or volunteer?
] Other (please specify):

3. Name of your nominating organisation

Pumping Marvellous Foundation

4. Has your nominating organisation provided a X No (please review all the questions and provide answers when
submission? (please tick all options that apply) possible)
Ol Yes, my nominating organisation has provided a submission
Ol | agree with it and do not wish to complete a patient expert statement
] Yes, | authored / was a contributor to my nominating organisations
submission
Ol | agree with it and do not wish to complete this statement
] | agree with it and will be completing
5. How did you gather the information included in X | am drawing from personal experience

your statement? (please tick all that apply)
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X | have other relevant knowledge or experience (for example, | am drawing
on others’ experiences). Please specify what other experience:

O | have completed part 2 of the statement after attending the expert
engagement teleconference

Ol I have completed part 2 of the statement but was not able to attend the
expert engagement teleconference

X | have not completed part 2 of the statement

6. What is your experience of living with chronic heart
failure with preserved or mildly reduced ejection
fraction?

If you are a carer (for someone with chronic heart
failure with preserved or mildly reduced ejection
fraction) please share your experience of caring for
them

| was diagnosed with Heart Failure in 2010 and have lived with it since. | am a
recovered heart failure patient with reduced ejection fraction. | am however the
Founder and CEO of the Pumping Marvellous Foundation, and we represent
patients with all types of heart failure across our communities and the UK. The
signs, symptoms, and disease burden of all types of heart failure are very similar.
There is a system, treatment and care access and equity difference between HFrEF
and HFmrEF and HFpEF

7a. What do you think of the current treatments and
care available for chronic heart failure with preserved
or mildly reduced ejection fraction on the NHS?

7b. How do your views on these current treatments
compare to those of other people that you may be
aware of?

There are no guidelines or prognostically available treatments for people living with
chronic HFpEF in the NHS. This is unacceptable and demonstrates the largest
unmet need for patients living with heart failure. If the prevalence of HFpEF in the
total UK population of all heart failure is 40% of 920,000 (2018 figures NICE) then
there are just under 400,000 people in the UK at a severe disadvantage.

8. If there are disadvantages for patients of current
NHS treatments for chronic heart failure with
preserved or mildly reduced ejection fraction (for
example, how they are given or taken, side effects of
treatment, and any others) please describe these

There are no prognostically beneficial treatments for HFpEF patients
There are no guidelines for HFpEF patients

HFpEF patients access to Heart Failure Nurses and specialist MDT services is
patchy at best.

Commissioners of services do not commission services for HFpEF patients
because of the lack of an evidence base in favour of HFrEF patients.

HFpEF patients in the main are prescribed a diuretic for symptom relief and referred
into Primary Care. Primary Care is not geared to treating or optimising patients with
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HFpEF. Many patients feel as though they are just left to wallow with nobody
understanding how to help them.

The patient cohort for HFpEF is significant. If this was happening in Cancer
there would be National outrage.

9a. If there are advantages of empagliflozin over
current treatments on the NHS please describe these.
For example, the effect on your quality of life, your
ability to continue work, education, self-care, and care
for others?

9b. If you have stated more than one advantage,
which one(s) do you consider to be the most
important, and why?

9c. Does empagliflozin help to overcome or address
any of the listed disadvantages of current treatment
that you have described in question 8? If so, please
describe these

There are no current treatments available to HFpEF patients in the NHS

Mortality — The primary endpoint of the study demonstrated statistically significant
benefit on cardiovascular death and hospitilisation of heart failure. Both components
contributed and if the trial was extended anecdotally, you may anticipate mortality
benefit.

Hospital readmission — There was a positive impact on hospital admissions and
type of admission. For example, there was a 33% reduction in the total number of
hospitalisations requiring intravenous diuretics (EMPREROR - Preserved). Also,
there was a sustained reduction in the risk and severity of heart failure events.

Quality of Life — There was a statistically relevant benefit over the placebo arm
when measured by KCCQ health questionnaire across all 3 domains CSS/ TSS /
OSS - the effect was apparent from just 3 months and sustained across the trial
timeline. This positively impacted patients NYHA classification. (EMPEROR —
Preserved)

Each one of the endpoints are equally important to the variety of individual
stakeholders. For the patient, quality of life is very important and has equal standing
to Mortality. As there seemed not to be statistically benefit for Mortality there was a
reduction in seriousness of heart failure events which has to have had a beneficial
impact on the patient’s well-being. The overriding advantage is that there are now
treatments for people with HFpEF and as there was statistically relevant benefit
across 2 domains, fundamentally this is important as it gives healthcare teams a
treatment option for treating HFpEF and HFmrEF.
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Empagliflozin, without question, overcomes and address the current treatment
drought.

10. If there are disadvantages of empagliflozin over
current treatments on the NHS please describe these.

For example, are there any risks with empagliflozin? If you
are concerned about any potential side effects you have
heard about, please describe them and explain why

There are no current treatments on the NHS. Empagliflozin is well tolerated with
limited side-effects. | have no concerns about side effects as long as the patient is
aware of them and they are dealt with by their healthcare team.

11. Are there any groups of patients who might benefit
more from empagliflozin or any who may benefit less?
If so, please describe them and explain why

Consider, for example, if patients also have other
health conditions (for example difficulties with mobility,
dexterity or cognitive impairments) that affect the
suitability of different treatments

All patient with all heart failure types benefit. Those with heart failure who do not
have Type Il Diabetes and reduced Kidney Function must benefit. The tablet is easy
to take and should not disrupt the patients’ other medications. It is well tolerated.

12. Are there any potential equality issues that should
be taken into account when considering chronic heart
failure with preserved or mildly reduced ejection
fraction and empagliflozin? Please explain if you think
any groups of people with this condition are
particularly disadvantaged

Equality legislation includes people of a particular age,
disability, gender reassignment, marriage and civil
partnership, pregnancy and maternity, race, religion or
belief, sex, and sexual orientation or people with any other
shared characteristics

More information on how NICE deals with equalities
issues can be found in the NICE equality scheme

The system and process for prescribing may disadvantage and call into question
whether all patients would have equal access and equity of opportunity to be
prescribed. GP’s know SGLT2i’'s very well, they have been prescribed without
specialist involvement in Type Il Diabetes for many years. There should be no
reason to refer for specialist reassessment or advice when prescribing
SGLT2i’s in Primary Care.

Referring for specialist assessment and or initiation is just another burden to the
NHS where —

Waiting times increase
Specialist caseloads increase
Patients suffer

Time is important when prescribing HF medications therefore delay is detrimental to
an already under invested population.
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Find more general information about the Equality Act and
equalities issues here.

13. Are there any other issues that you would like the | No
committee to consider?
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Part 2: Key messages

In up to 5 sentences, please summarise the key messages of your statement:

e Click or tap here to enter text.
e Click or tap here to enter text.
e Click or tap here to enter text.
e Click or tap here to enter text.

e Click or tap here to enter text.

Thank you for your time.

Your privacy

The information that you provide on this form will be used to contact you about the topic above.

[ Please tick this box if you would like to receive information about other NICE topics.

For more information about how we process your personal data please see NICE's privacy notice.
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Single Technology Appraisal

Empagliflozin for treating chronic heart failure with preserved or mildly reduced ejection fraction
[ID3945]

Clinical expert statement
Thank you for agreeing to provide your views on this technology and its possible use in the NHS.
You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available from

the published literature. The external assessment report (EAR) and stakeholder responses are used by the committee to help it
make decisions at the committee meeting. Usually, only unresolved or uncertain key issues will be discussed at the meeting.

Information on completing this form

In part 1 we are asking for your views on this technology. The text boxes will expand as you type.

In part 2 we are asking you to provide 5 summary sentences on the main points contained in this document.

Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable. Please type information directly into the form.

Do not include medical information about yourself or another person that could identify you or the other person.

We are committed to meeting the requirements of copyright legislation. If you want to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs. For copyright reasons, we will
have to return forms that have attachments without reading them. You can resubmit your form without attachments, but it must be
sent by the deadline.
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Combine all comments from your organisation (if applicable) into 1 response. We cannot accept more than 1 set of comments from
each organisation.

Please underline all confidential information, and separately highlight information that is submitted under ‘commercial in confidence’
in turguoise, all information submitted under ‘academic in confidence’ in yellow, and all information submitted under

datal in pink. If confidential information is submitted, please also send a second version of your comments with that information
replaced with the following text: ‘academic/commercial in confidence information removed’. See the NICE health technology
evaluation guidance development manual (sections 5.4.1 to 5.4.10) for more information.

The deadline for your response is 5pm on Wednesday 16 November. Please log in to your NICE Docs account to upload your
completed form, as a Word document (not a PDF).

Thank you for your time.

We reserve the right to summarise and edit comments received during engagement, or not to publish them at all, if we
consider the comments are too long, or publication would be unlawful or otherwise inappropriate.

Comments received during engagement are published in the interests of openness and transparency, and to promote
understanding of how recommendations are developed. The comments are published as a record of the comments we
received, and are not endorsed by NICE, its officers or advisory committees.
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N I c National Institute for
Health and Care Excellence
Part 1: Treating chronic heart failure with preserved or mildly reduced ejection fraction and

current treatment options

Table 1 About you, aim of treatment, place and use of technology, sources of evidence and equality

1. Your name Lisa Anderson

2. Name of organisation St George’s University Hospitals NHS Foundation Trust

3. Job title or position Consultant Cardiologist and Heart Failure Lead

4. Are you (please tick all that apply) An employee or representative of a healthcare professional organisation
that represents clinicians?

A specialist in the treatment of people with chronic heart failure with
preserved or mildly reduced ejection fraction?

A specialist in the clinical evidence base for chronic heart failure with
preserved or mildly reduced ejection fraction or technology?

Other (please specify):

[

X

5. Do you wish to agree with your nominating
organisation’s submission?

(We would encourage you to complete this form even if
you agree with your nominating organisation’s submission)

Yes, | agree with it

No, | disagree with it

| agree with some of it, but disagree with some of it

Other (they did not submit one, | do not know if they submitted one etc.)

o on

6. If you wrote the organisation submission and/or do
not have anything to add, tick here.

(If you tick this box, the rest of this form will be deleted
after submission)

Yes

7. Please disclose any past or current, direct or
indirect links to, or funding from, the tobacco industry.
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8. What is the main aim of treatment for chronic heart
failure with preserved or mildly reduced ejection
fraction?

(For example, to stop progression, to improve mobility, to
cure the condition, or prevent progression or disability)

The main goals of treatment for chronic heart failure with preserved or mildly
reduced EF are to:

Improve quality of life for patients
Prevent hospital admissions
Reduce cardiovascular mortality

9. What do you consider a clinically significant
treatment response?

(For example, a reduction in tumour size by x cm, or a
reduction in disease activity by a certain amount)

A significant improvement in quality of life with a validated scoring tool.
Significantly reduced hospital admissions.
Significantly reduced cardiovascular mortality.

10. In your view, is there an unmet need for patients
and healthcare professionals in chronic heart failure
with preserved or mildly reduced ejection fraction?

Yes. Approximately half of patients with HF have a preserved or mildly reduced
left ventricular ejection fraction (HFpEF/HFmrEF). There is a high symptom
burden with frequent hospital admissions and increasing frailty as a result. Until
now, clinical trials of new therapeutic approaches have been characterised by
efficacy failure, and treatment options remain very limited.

11. How is chronic heart failure with preserved or
mildly reduced ejection fraction currently treated in
the NHS?

e Are any clinical guidelines used in the treatment of the
condition, and if so, which?

o Is the pathway of care well defined? Does it vary or are
there differences of opinion between professionals
across the NHS? (Please state if your experience is
from outside England.)

o What impact would the technology have on the current
pathway of care?

HFmrEF (EF 41-49%) — No RCT has been performed exclusively in this subgroup.
However, because

-EF in heart failure is a spectrum and
-due to the large benefits seen in patients with more reduced EF,

- and because many of the patients in this cohort are believed to be patients with
recovering EF,

the European Society of Cardiology Guidelines (2021) has made 2b
recommendations (these drugs may be considered) for ACE inhibitors/Angiotensin
Il receptor blockers/neprilysin inhibitors, beta-blockers and mineralocorticoid receptor
antagonists for treatment in this subgroup.

HFpEF (EF > 50%) — Treatment is focussed on diuretic therapy and managing
patient comorbidities such as atrial fibrillation, diabetes, hypertension, kidney
disease. Weight loss in obese patients and increasing exercise may improve
symptoms and exercise capacity.

Clinical expert statement
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12. Will the technology be used (or is it already used)
in the same way as current care in NHS clinical
practice?

¢ How does healthcare resource use differ between the
technology and current care?

¢ In what clinical setting should the technology be used?
(for example, primary or secondary care, specialist
clinic)

o What investment is needed to introduce the
technology? (for example, for facilities, equipment, or
training)

The healthcare resource use does not differ from current care. Following
initiation, the vast majority of patients require only routine monitoring. A
subgroup of more complex diabetic patients will require increased home blood
glucose checks for 1 week after initiation and recheck HbA1C at 3 months.

The technology will be used in all areas where patients are seen — specialist
care, and primary and secondary care following recommendation from a HF
specialist.

This technology is already used in the management of HF patients with reduced
ejection fraction and in type 2 diabetes and is also licensed for chronic kidney
disease. Little investment, other than the writing of Local Guidelines for use,
would be needed.

13. Do you expect the technology to provide clinically
meaningful benefits compared with current care?

¢ Do you expect the technology to increase length of life
more than current care?

e Do you expect the technology to increase health-
related quality of life more than current care?

Yes, | expect the technology to provide clinically meaning ful benefits compared
with current care.

Although a trend toward reduced cardiovascular mortality is seen, most of the
effect on the primary end point was seen in reduced HF admissions.

A highly significant improvement in the KCCQ QOL score was seen so | expect
the technology to increase health related quality of life more than current care.
This improvement was seen early (by 12 weeks) and persisted at 1 year.

14. Are there any groups of people for whom the
technology would be more or less effective (or
appropriate) than the general population?

No. The effect of empagliflozin on the incidence of primary outcome events was
generally consistent across prespecified subgroups, including patients with or
without diabetes at baseline.

15. Will the technology be easier or more difficult to
use for patients or healthcare professionals than

Heart failure admissions increased by 33% in the 5 years pre-pandemic with the
largest increases in HFpEF admissions and HF is the commonest cause for
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current care? Are there any practical implications for
its use?

(For example, any concomitant treatments needed,
additional clinical requirements, factors affecting patient
acceptability or ease of use or additional tests or
monitoring needed)

hospital admission in those >65years. NHS Hospitals are at capacity and a
treatment that has a positive impact on HF admissions will help HF patients,
overstretched HF clinical teams as well as the wider health system.

16. Will any rules (informal or formal) be used to start
or stop treatment with the technology? Do these
include any additional testing?

No additional testing is required before starting treatment and the treatment will
be ongoing indefinitely once initiated.

17. Do you consider that the use of the technology will
result in any substantial health-related benefits that
are unlikely to be included in the quality-adjusted life
year (QALY) calculation?

¢ Do the instruments that measure quality of life fully
capture all the benefits of the technology or have some
been missed? For example, the treatment regimen
may be more easily administered (such as an oral
tablet or home treatment) than current standard of care

Reduced hospital admissions will greatly impact quality of life for both patients
and families.

18. Do you consider the technology to be innovative in
its potential to make a significant and substantial
impact on health-related benefits and how might it
improve the way that current need is met?

o s the technology a ‘step-change’ in the management
of the condition?

¢ Does the use of the technology address any particular
unmet need of the patient population?

Yes. Until now all no evidence-based therapy has been available for
HFpEF/HFmrEF patients.

The therapy addresses the major unmet needs of reducing hospital admissions
and improving quality of life.

19. How do any side effects or adverse effects of the
technology affect the management of the condition
and the patient’s quality of life?

Serious adverse events occurred in 1436 patients (47.9%) in the empagliflozin
group and in 1543 patients (51.6%) in the placebo group. Patients are warned
about the potential increase in genitourinary fungal infections and the need for
sick day rules to reduce the risk of diabetic ketoacidosis.
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20. Do the clinical trials on the technology reflect
current UK clinical practice?

¢ If not, how could the results be extrapolated to the UK
setting?

o What, in your view, are the most important outcomes,
and were they measured in the trials?

e If surrogate outcome measures were used, do they
adequately predict long-term clinical outcomes?

o Are there any adverse effects that were not apparent in
clinical trials but have come to light subsequently?

Yes.

The most important outcomes were measured in the trial (QOL, HF
hospitalisations and CV death).

| am not aware of adverse events not apparent in the clinical trials that have
come to light subsequently.

21. Are you aware of any relevant evidence that might
not be found by a systematic review of the trial
evidence?

No

22. How do data on real-world experience compare
with the trial data?

Since the publication of the data, it is likely that this medication has already been
initiated for many admitted HFpEF patients. Many of these patients already meet
other indications for SGLT2- (type 2 diabetes or CKD with proteinuria). The
medication is well tolerated — in particular, given the frail, comorbid population,
there is minimal effect on blood pressure or worsening of renal function.

23. NICE considers whether there are any equalities
issues at each stage of an evaluation. Are there any
potential equality issues that should be taken into
account when considering this condition and this
treatment? Please explain if you think any groups of
people with this condition are particularly
disadvantaged.

Equality legislation includes people of a particular age,
disability, gender reassignment, marriage and civil
partnership, pregnancy and maternity, race, religion or
belief, sex, and sexual orientation or people with any other
shared characteristics.

No
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Please state if you think this evaluation could

e exclude any people for which this treatment is or will
be licensed but who are protected by the equality
legislation

e |ead to recommendations that have a different impact
on people protected by the equality legislation than on
the wider population

e lead to recommendations that have an adverse impact
on disabled people.

Please consider whether these issues are different from

issues with current care and why.

More information on how NICE deals with equalities issues
can be found in the NICE equality scheme.

Find more general information about the Equality Act and
equalities issues here.
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Part 2: Key messages
In up to 5 sentences, please summarise the key messages of your statement:

At present, the disease trajectory and quality of life for patients with HFpEF and HFmrEF is poor.

There are currently no pharmacological treatment options shown to reduce hospital admission or improve quality of life for these
patients

This technology will make a real and meaningful difference to NHS care for patients with HFmrEF and HFpEF

In the UK there are around 100,000 HF admissions annually, with a long length of stay (10 days mean), so a technology with an

impact on reduced admissions will have wider benefits for an NHS system currently running at capacity.

Prevalence of HFmrEF and HFpEF is increasing in the UK, and these subgroups represent a large and growing proportion of heart

failure admissions to hospital.

Thank you for your time.

Your privacy

The information that you provide on this form will be used to contact you about the topic above.
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[1 Please tick this box if you would like to receive information about other NICE topics.

For more information about how we process your personal data please see our privacy notice.
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Single Technology Appraisal

Empagliflozin for treating chronic heart failure with preserved or mildly reduced ejection fraction
[ID3945]

Clinical expert statement
Thank you for agreeing to provide your views on this technology and its possible use in the NHS.
You can provide a unique perspective on the technology in the context of current clinical practice that is not typically available from

the published literature. The external assessment report (EAR) and stakeholder responses are used by the committee to help it
make decisions at the committee meeting. Usually, only unresolved or uncertain key issues will be discussed at the meeting.

Information on completing this form

In part 1 we are asking for your views on this technology. The text boxes will expand as you type.

In part 2 we are asking you to provide 5 summary sentences on the main points contained in this document.

Please do not embed documents (such as a PDF) in a submission because this may lead to the information being mislaid or make
the submission unreadable. Please type information directly into the form.

Do not include medical information about yourself or another person that could identify you or the other person.

We are committed to meeting the requirements of copyright legislation. If you want to include journal articles in your submission
you must have copyright clearance for these articles. We can accept journal articles in NICE Docs. For copyright reasons, we will
have to return forms that have attachments without reading them. You can resubmit your form without attachments, but it must be
sent by the deadline.
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Combine all comments from your organisation (if applicable) into 1 response. We cannot accept more than 1 set of comments from
each organisation.

Please underline all confidential information, and separately highlight information that is submitted under ‘commercial in confidence’
in turguoise, all information submitted under ‘academic in confidence’ in yellow, and all information submitted under

datal in pink. If confidential information is submitted, please also send a second version of your comments with that information
replaced with the following text: ‘academic/commercial in confidence information removed’. See the NICE health technology
evaluation guidance development manual (sections 5.4.1 to 5.4.10) for more information.

The deadline for your response is 5pm on Friday 28 October. Please log in to your NICE Docs account to upload your completed
form, as a Word document (not a PDF).

Thank you for your time.

We reserve the right to summarise and edit comments received during engagement, or not to publish them at all, if we
consider the comments are too long, or publication would be unlawful or otherwise inappropriate.

Comments received during engagement are published in the interests of openness and transparency, and to promote
understanding of how recommendations are developed. The comments are published as a record of the comments we
received, and are not endorsed by NICE, its officers or advisory committees.
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N I c National Institute for
Health and Care Excellence

Part 1: Treating chronic heart failure with preserved or mildly reduced ejection fraction and

current treatment options

Table 1 About you, aim of treatment, place and use of technology, sources of evidence and equality

1. Your name Andrew Ludman

2. Name of organisation British Cardiovascular Society

3. Job title or position Consultant Cardiologist

4. Are you (please tick all that apply) ] An employee or representative of a healthcare professional organisation
that represents clinicians?

A specialist in the treatment of people with chronic heart failure with
preserved or mildly reduced ejection fraction?

] A specialist in the clinical evidence base for chronic heart failure with
preserved or mildly reduced ejection fraction or technology?

Other (please specify):

[

5. Do you wish to agree with your nominating
organisation’s submission?

X

Yes, | agree with it

( » I o - O No, | disagree with it
We would encourage you to complete this form even i . . . . .
you agree with your nominating organisation’s submission) = | agree with some of it, but disagree with some of it
U Other (they did not submit one, | do not know if they submitted one etc.)
6. If you wrote the organisation submission and/or do | [ Yes
not have anything to add, tick here.
(If you tick this box, the rest of this form will be deleted
after submission)
7. Please disclose any past or current, direct or None

indirect links to, or funding from, the tobacco industry.
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8. What is the main aim of treatment for chronic heart
failure with preserved or mildly reduced ejection
fraction?

(For example, to stop progression, to improve mobility, to
cure the condition, or prevent progression or disability)

Main aim depends on view point. Key aims from a healthcare provider
perspective are to reduce hospital admission and cardiovascular mortality. From
a patient perspective reduction in symptoms of breathlessness is very important.

9. What do you consider a clinically significant
treatment response?

(For example, a reduction in tumour size by x cm, or a
reduction in disease activity by a certain amount)

Any reduction in hospital admission or mortality is welcome and is significant for
that patient.

10. In your view, is there an unmet need for patients
and healthcare professionals in chronic heart failure
with preserved or mildly reduced ejection fraction?

Yes. There are few (if any) evidence based treatments in this condition.

11. How is chronic heart failure with preserved or
mildly reduced ejection fraction currently treated in
the NHS?

e Are any clinical guidelines used in the treatment of the
condition, and if so, which?

e Is the pathway of care well defined? Does it vary or are
there differences of opinion between professionals
across the NHS? (Please state if your experience is
from outside England.)

o What impact would the technology have on the current
pathway of care?

Treatment guidelines are written by the European Society of Cardiology as part
of the overall heart failure guideline.

The mainstay of treatment for HFpEF has been treatment of the contributing co-
morbidities (e.g. hypertension, rate control of atrial fibrillation etc) as well as fluid
balance management with diuretics. There is some evidence for spironolactone.

The diagnostic pathway is defined via the investigation of heart failure NICE
guideline in the UK. However the diagnosis is not always easy.

The SGLT2i are really the first medication in this condition to demonstrate a
significant benefit. Therefore this group of medications is likely to be adopted
widely, with hopefully the same real-life benefit.

12. Will the technology be used (or is it already used)
in the same way as current care in NHS clinical
practice?

The SGLT2i medications are already used for a number of indications within the
NHS and so their use could be adapted safely and rapidly if approved.
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¢ How does healthcare resource use differ between the
technology and current care?

¢ In what clinical setting should the technology be used?
(for example, primary or secondary care, specialist
clinic)

o What investment is needed to introduce the
technology? (for example, for facilities, equipment, or
training)

There is likely to be a resource implication in terms of higher medication cost,
albeit somewhat balanced by a reduction in hospital admission and the quality of
life benefit around symptoms.

| would suggest that empagliflozin could be used in line with SGLT2i for HFrEF
which is prescribed in primary care following advice of a specialist heart failure
team member.

Alerting healthcare professionals to the new guidance and providing some
education may be required.

13. Do you expect the technology to provide clinically
meaningful benefits compared with current care?

¢ Do you expect the technology to increase length of life
more than current care?

e Do you expect the technology to increase health-
related quality of life more than current care?

There is no conclusive evidence of a decrease in overall mortality in the main
current study of empagliflozin in HFpEF.

Health related QoL is likely to be increased in comparison to current care with a
reduction in the risk of heart failure worsening or hospitalisation and a decrease
in symptoms (as measured by KCCQ score).

14. Are there any groups of people for whom the
technology would be more or less effective (or
appropriate) than the general population?

The majority of trial participants have a white ethnicity with smaller numbers of
other ethnic groups. No clinical difference in response between groups has been
detected. Further evaluation may allow confirmation of equal clinical effect in all.

15. Will the technology be easier or more difficult to
use for patients or healthcare professionals than
current care? Are there any practical implications for
its use?

(For example, any concomitant treatments needed,
additional clinical requirements, factors affecting patient

Straightforward usage for primary and secondary care professionals.

Clinical expert statement

Empagliflozin for treating chronic heart failure with preserved or mildly reduced ejection fraction [ID3945]

50f9




National Institute for
Health and Care Excellence

NIC

acceptability or ease of use or additional tests or
monitoring needed)

16. Will any rules (informal or formal) be used to start
or stop treatment with the technology? Do these
include any additional testing?

A diagnosis of heart failure with preserved or mildly reduced ejection fraction
should be made. Symptomatic (NYHA |l or greater).

17. Do you consider that the use of the technology will
result in any substantial health-related benefits that
are unlikely to be included in the quality-adjusted life
year (QALY) calculation?

¢ Do the instruments that measure quality of life fully
capture all the benefits of the technology or have some
been missed? For example, the treatment regimen
may be more easily administered (such as an oral
tablet or home treatment) than current standard of care

No

18. Do you consider the technology to be innovative in
its potential to make a significant and substantial
impact on health-related benefits and how might it
improve the way that current need is met?

e |s the technology a ‘step-change’ in the management
of the condition?

o Does the use of the technology address any particular
unmet need of the patient population?

Yes this a step change in management. The first medication to show a
meaningful difference in clinical outcomes for HFpEF.

Patients with HFpEF have a significant unmet need in terms of treatments to
improve symptoms, quality of life and reduce deterioration. The SGLT2i go
someway towards this.

19. How do any side effects or adverse effects of the
technology affect the management of the condition
and the patient’s quality of life?

The incidence of adverse effects is similar to placebo. For empagliflozin a small
increase in uncomplicated urinary infections was reported in the main study in
this group of patients.

20. Do the clinical trials on the technology reflect
current UK clinical practice?

¢ If not, how could the results be extrapolated to the UK
setting?

Yes, the clinical trials reflect UK practice.

The most important outcomes were assessed in the clinical trial.
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o What, in your view, are the most important outcomes,
and were they measured in the trials?

o If surrogate outcome measures were used, do they
adequately predict long-term clinical outcomes?

o Are there any adverse effects that were not apparent in
clinical trials but have come to light subsequently?

No additional adverse events have come to light.

21. Are you aware of any relevant evidence that might
not be found by a systematic review of the trial
evidence?

No

22. How do data on real-world experience compare
with the trial data?

SGLT2i are used for a number of indications already and real world experience
is similar to that presented in the trials.

Patients and professionals are concerned about the risk of urinary infection and
it is difficult to balance the relative risks/benefits around this.

23. NICE considers whether there are any equalities
issues at each stage of an evaluation. Are there any
potential equality issues that should be taken into
account when considering this condition and this
treatment? Please explain if you think any groups of
people with this condition are particularly
disadvantaged.

Equality legislation includes people of a particular age,
disability, gender reassignment, marriage and civil
partnership, pregnancy and maternity, race, religion or
belief, sex, and sexual orientation or people with any other
shared characteristics.

Please state if you think this evaluation could

Patients with HFpEF are often older, may have multiple medical problems and a
higher degree of frailty and as such are often harder to reach with new medical
innovations. Where possible specific evidence based recommendations for this
group would be useful.
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e exclude any people for which this treatment is or will
be licensed but who are protected by the equality
legislation

¢ |ead to recommendations that have a different impact
on people protected by the equality legislation than on
the wider population

e lead to recommendations that have an adverse impact
on disabled people.

Please consider whether these issues are different from
issues with current care and why.

More information on how NICE deals with equalities issues
can be found in the NICE equality scheme.

Find more general information about the Equality Act and
equalities issues here.

Clinical expert statement
Empagliflozin for treating chronic heart failure with preserved or mildly reduced ejection fraction [ID3945] 8of9


https://www.nice.org.uk/about/who-we-are/policies-and-procedures/nice-equality-scheme
https://www.gov.uk/government/publications/easy-read-the-equality-act-making-equality-real
https://www.gov.uk/government/publications/easy-read-the-equality-act-making-equality-real

N I c National Institute for
Health and Care Excellence
Part 2: Key messages

In up to 5 sentences, please summarise the key messages of your statement:

SGLT2i (specifically empagliflozin and dapagliflozin) are already approved for treatment of heart failure with reduced ejection

fraction.

There is robust clinical trial evidence of benefit for empagliflozin and dapagliflozin in the treatment of heart failure with preserved

ejection fraction.
There are few if any other specific treatments for heart failure and preserved ejection fraction.
Click or tap here to enter text.

Click or tap here to enter text.

Thank you for your time.

Your privacy

The information that you provide on this form will be used to contact you about the topic above.
[] Please tick this box if you would like to receive information about other NICE topics.

For more information about how we process your personal data please see our privacy notice.
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1 Executive summary

This summary provides a brief overview of the key issues identified by the evidence review group
(EAG) as being potentially important for decision making. It also includes the EAG’s preferred

assumptions and the resulting incremental cost-effectiveness ratios (ICERs).

Section 1.1 provides an overview of the key issues. Section 1.2 provides an overview of key model
outcomes and the modelling assumptions that have the greatest effect on the ICER. Sections 1.3 to
1.5 explain the key issues in more detail. Background information on the condition, technology and

evidence and information on non-key issues are in the main EAG report.

All issues identified represent the EAG’s view, not the opinion of NICE.

1.1 Overview of the EAG’s key issues

Table 1. Summary of key issues

Issue 1 Estimation of KCCQ-CSS transition 426.1,426.2
probabilities in the economic model

The long-term effect of empagliflozin on

| 2 426.1,426.2

ssue patients’ KCCQ-CSS scores 6.1, 6

Issue 3 Estimation of HHF in the economic model 4.26.3,4.26.4

lssue 4 The .|mpact of empagliflozin on patients 42674268
survival

lssue 5 The impact of the duration of HHF events on 4.2.84.2.8.1

patients’ quality of life

lssue 6 Overestimation of costs associated with HFF 42.92429342944295
events and CV deaths

Abbreviations: KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire clinical summary score; HHF, hospitalisation for
heart failure
The key differences between the company’s preferred assumptions and the EAG’s preferred
assumptions are the choice of transition probabilities between the KCCQ-CSS states of the model;
the fact that the EAG considers the impact of empagliflozin on patients’ survival to be uncertain; the
suitability of KM HHF data to be used in the model; and the assumption around the duration of HHF

events on patients’ quality of life.

1.2 Overview of key model outcomes

National Institute for Health and Care Excellence (NICE) technology appraisals compare how much a
new technology improves length (overall survival) and quality of life in a quality-adjusted life year

(QALY). An ICER is the ratio of the extra cost for every QALY gained.
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Overall, the technology is modelled to affect QALYs by:

o Directly increasing the proportion of patients who remain in the better KCCQ-CSS states,
which in its turn leads to better quality of life, and indirectly leads to better survival and
lower hospitalisation rates.

e Directly decreasing the probability of patients being hospitalised for heart failure.

e Directly decreasing the probability of patients dying.
Overall, the technology is modelled to affect costs by:

e Its higher unit cost compared to standard of care (SoC) alone.
e Decreasing the probability of patients being hospitalised for heart failure.

e Decreasing the probability of patients having cardiovascular deaths.
The modelling assumptions that have the greatest effect on the ICER are:

e The transition probabilities used to estimate patients’ distribution across the KCCQ-CSS
states of the model.
e The assumptions made around the impact of empagliflozin on survival.

e The duration of the impact of HHF on patients’ quality of life.

1.3 Summary of the EAG’s clinical and economic key issues

The EAG’s key issues on the clinical and cost-effectiveness evidence are given in Table 2 to Table 7.

Table 2. Issue 1. Estimation of KCCQ-CSS transition probabilities in the economic model
Report section 42.6.1,4.26.2,3.2.8.10

Description of issue and The EAG disagrees with the last observation carried forward (LOCF)
why the EAG has identified imputation method used by the company to handle missing KCCQ-CSS data
it as important and prefers the use of raw observed KCCQ-CSS data from the trial.

The number of observations for patients’ KCCQ-CSS scores without
imputations provides a robust sample size and is similar across treatment
arms in EMPEROR-Preserved, suggesting that the data are well balanced.
Given that the EAG is unclear when end of treatment occurred for patients
with missing data, and the lack of any data to validate the underlying
assumption of the LOCF method that the missing observations would
produce identical KCCQ-CSS scores from the one captured in the previous
data points, the EAG considers that the more robust approach is to use
observed data without imputation.

What alternative approach To use the raw observed TPs between KCCQ-CSS derived from
has the EAG suggested? EMPEROR-Preserved.

What is the expected effect The TPs derived with the two methods are substantially different, particularly
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on the cost-effectiveness the set of TPs used from month 9 onwards in the model. The scenario
estimates? analysis using observed TPs between KCCQ-CSS quartiles leads to an
increase in the company’s base case ICER from £14,429 to £20,198 per
QALY gained.

\WLETEET [ [T EIN T SN [N 88 The EAG remains unclear how much data were imputed for each timepoint
analyses might help to and for how long observations were carried forward using the LOCF method.
resolve this key issue?

The EAG asks that the company provides the distribution of the missing
KCCQ-CSS observations, with a description of when end of treatment
occurred for these patients. These data should help clarifying the number of
missing observations and when these occurred (and thus for how many
timepoints the LOCF imputed values were used).

Abbreviations: EAG, evidence assessment group; ICER, incremental cost-effectiveness ratio; KCCQ-CSS, Kansas City
Cardiomyopathy Questionnaire clinical summary score; SoC, standard of care; TP, transition probability.

Table 3. Issue 2. The long-term effect of empagliflozin on patients’ KCCQ-CSS scores
Report section 426.1,4.26.2

Description of issue and The effect of empagliflozin on KCCQ-CSS (sustained by the combination of
why the EAG has identified the proportion of patients in the better KCCQ-CSS states in the

it as important empagliflozin arm at month 8 and the low probability of disease progression
for both SoC and empagliflozin arms in month 9+) leads to sustained
treatment effect over time, which is unlikely to be clinically plausible.

The company’s assumption that empagliflozin patients experience SoC TPs
after discontinuation is only partially conservative and leads to a sustained
relative treatment effect for patients in KCCQ-CSS 4 in the model over time.

Due to the company’s model structure, this assumption impacts the benefits
associated with empagliflozin on HHF and mortality, as these outcomes are
dependent on patients’ distribution across KCCQ-CSS states.

What alternative approach The company included a scenario analysis in the model which assumed that
has the EAG suggested? the TPs between KCCQ-CSS quartiles for patients on treatment are the
same as those for patients off treatment from month 9 onwards in the model,
which equates to the proportion of patients in each KCCQ-CSS state being
the same in the empagliflozin and SoC arms of the model approximately 4 to
5 years after treatment initiation in the model. This scenario is likely to be
overly pessimistic as it assumed that after 4 years empagliflozin does not
impact patients’ KCCQ-CSS anymore, even if patients are still on treatment.

What is the expected effect The company’s scenario increases the base case ICER to £32,482.
on the cost-effectiveness
estimates?

VL ETEETe [ [T BTNV T (=N @ L onger follow-up data on the impact of empagliflozin on patients’ KCCQ-
analyses might help to CSS.
resolve this key issue?

Abbreviations: ERG, evidence review group; HHF, hospitalisation for heart failure; ICER, incremental cost-effectiveness
ratio; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire clinical summary score; SoC, standard of care; TP, transition
probability.

Table 4. Issue 3. Estimation of HHF events in the economic model
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Description of issue and
why the EAG has identified
it as important

What alternative approach
has the EAG suggested?

BM) TAG

In EMPEROR-Preserved, I IEGTczNGEGEGEGEGEEEEEE
I
I
I < results reported in the EMPEROR-Preserved

CSR, not only indicate that the difference across arms in patients with first
events was |JJJII than the difference in the number of patients with
second events [Jl]. but also that it is likely that empagliflozin does not
provide a benefit in preventing subsequent hospitalisation events. By
considering all events from the trial to have been first events in the model
the company is, therefore, likely overestimating the benefit of empagliflozin
on reducing HHF events.

The EAG also notes that second events occurred “faster” in relation to first
HHF events - out of those patients with 2 (or more) events, approximately .
of patients had already experienced a second event at 3 years after the first
event, whereas only about . of patients had experienced their first HHF
event at 3 years.

Therefore, the EAG’s view remains that the company’s approach does not
appropriately capture the hospitalisations in EMPEROR-Preserved, both in
the assumption of a constant hospitalisation rate; a constant treatment
effect; and in the decision to not separate first and subsequent
hospitalisation events. Given that KM data on HHF in EMPEROR-Preserved
was available for first and subsequent hospitalisations, the EAG’s view
remains that using these data would have allowed the company to fit a
parametric survival curve to the data and extrapolate into the model’s time
horizon without having to assume a constant rate of HHF and without having
to assume a constant treatment effect with empagliflozin. The EAG notes
that using survival curves would have still allowed the company to model
HHF by KCCQ-CSS state.

Finally, the EAG considers that not only the absolute number of HHF events
in the model are considerably overestimated in relation to the events
observed in the trial for the same period of time, as expected from the
company’s assumption of a constant rate of HFFs in the model, but the
overestimation increases as time progresses in the model. Crucially, even
though the observed and predicted differences in events between
empagliflozin and placebo are broadly similar at 26 months and at 3 years
(indicating less uncertainty in the incremental results of the model), the
comparison of incremental estimated vs observed events at the last
available time from the trial suggests that the model increasingly
overestimates the benefit associated with empagliflozin.

The company reported fitting six distributions (exponential, Weibull,
lognormal, log-logistic, Gompertz, and generalised Gamma) to time to first
HHF KM data, with treatment arm as the only predictor. The company
reported that the extrapolated hazard estimates were decreasing or
plateauing hazards, which the company considered clinically implausible.
The EAG notes that it has not seen any measures of fit (statistical or visual)
to the different models used by the company, so it cannot assess the fit of
the models, and the respective underlying hazard. Crucially, the company
only fitted first HHF with parametric models, and did not undertake the same
analysis for subsequent events. The EAG does not understand the
company’s decision, and notes that it is possible that the trend in the risk of
subsequent events could have been different (for example, increasing),
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What is the expected effect
on the cost-effectiveness
estimates?

What additional evidence or
analyses might help to
resolve this key issue?

which could have added plausibility to the data analysis.

Therefore, the EAG maintains its view that using HHF KM data from
EMPEROR-Preserved is likely to provide a more robust approach to
modelling time to HHF in the model, separately by first and subsequent HHF
event.

The ICER will increase as the overall and incremental number of HHF
decreases in the model.

The company should provide the additional analysis requested above, by
first and subsequent event. The company should also provide measures of
fit (statistical and visual) of the parametric used in the analysis and if
needed, consider the use of different survival models.

Abbreviations: ICER, incremental cost-effectiveness ratio, KCCQ-CSS; KCCQ-CSS, Kansas City Cardiomyopathy
Questionnaire clinical summary scores; HHF, hospitalisation for heart failure

Table 5. Issue 4. The impact of empagliflozin on patients’ survival

Report section

Description of issue and
why the EAG has identified
it as important

What alternative approach
has the EAG suggested?

BM) TAG
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The EAG considers that the KM curves from EMPEROR-Preserved (both for
overall and CV survival) do not provide sufficient evidence to substantiate
empagliflozin having an impact on patients’ survival compared to SoC
patients. However, clinical expert opinion consistently reported the
plausibility of empagliflozin reducing patients’ CV-related mortality.

The EAG disagrees with the company’s approach of including KCCQ-CSS
as predictors of survival in the all-cause mortality risk equations as these
generate an indirect survival benefit for empagliflozin in the model. Given the
KM overall survival data from EMPEROR-Preserved show that survival was
similar in the two arms of the trial, the EAG considers that including a
treatment benefit associated with empagliflozin on overall survival is
unsubstantiated.

The EAG also has some concerns regarding the company'’s inclusion of a
treatment effect in the risk equations to estimate CV mortality in the model.
Even though the EAG'’s clinical experts agreed with the clinical plausibility of
empagliflozin being associated with a survival benefit on CV-related death,
the EMPEROR-Preserved trial showed a non-statistically significant effect
on this outcome. Furthermore, given the company’s decision to include a
treatment effect in the CV-mortality risk equations, the decision to do so
through a proportional hazards model is problematic - considering the shape
of the KM curves for CV mortality in EMPEROR-Preserved, it is implausible
that a constant treatment effect would be observed throughout the trial (and
extrapolated) period.

The absolute and incremental number of CV deaths are overestimated in the
model, with a trend suggesting that the overestimation increases as the
model progresses. All-cause deaths are also overestimated in the model.

The EAG requested that the company included a scenario analysis in the
model where both the direct and indirect treatment effect of empagliflozin on
survival was removed from the model, for all-cause mortality and CV-related
mortality, separately.
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What is the expected effect When the EAG assumed no survival benefit for empagliflozin on all-cause
on the cost-effectiveness mortality, the model predictions in terms of number of deaths avoided in the
estimates? empagliflozin arm at 3.5 years is more aligned with those observed in the
trial at the same time than those predicted by the model when empagliflozin
is assumed to have an impact on patients’ overall.

On the contrary, when the EAG assumed no survival benefit for
empagliflozin on CV-related mortality, the model predictions considerably
underestimated the number of CV deaths avoided in the empagliflozin arm
of the trial, therefore, indicating that this might not be a plausible
assumption.

Removing the survival benefit associated with empagliflozin from the model
leads to an increase in the final ICERSs.

The EAG caveats this analysis by the fact that it does not include the cost of
non-CV deaths (please see point below).

VHEET TR EIRGEGNI @ The EAG considers it crucial that the committee validates the following
analyses might help to assumptions:

resolve this key issue? 1.Is empagliflozin likely to reduce CV mortality compared to SoC?

a) If the answer to the above question is yes, then the EAG notes that
there are two possible implications for non-CV deaths in this population:

i. Either the CV deaths prevented in the empagliflozin arm do not
translate into a reduction in overall mortality for these patients - given the
age of the HFmrEF/HFpEF population, and the presence of several
comorbidities, the proportion of patients who don’t die of a CV cause die in a
similar time frame of a non-CV cause, therefore suggesting that there will be
more non-CV deaths for empagliflozin than SoC patients — in this case, it is
crucial that the cost of a CV and non-CV death is incorporated into the
economic analysis, to assess the cost-effectiveness of “replacing” an equal
number of CV deaths with non-CV deaths for empagliflozin patients. Or;

ii. The CV deaths prevented in the empagliflozin arm translate into a
reduction in overall mortality for these patients vs SoC patients — the
proportion of patients who don’t die of a CV cause end up dying much later
of a non-CV cause, and a similar proportion of empagliflozin and SoC
patients die of non-CV causes in the shorter term.

b) If the answer to question 1 is no, then there is no difference in CV or
non-CV deaths for empagliflozin and SoC patients.

Abbreviations: CV, cardiovascular; ERG, evidence review group; ICER, incremental cost-effectiveness ratio; KCCQ-CSS,
Kansas City Cardiomyopathy Questionnaire clinical summary scores; KM, Kaplan-Meier; OS, overall survival; SoC, standard
of care; UK, United Kingdom.

Table 6. Issue 5. The impact of the duration of HHF events on patients’ quality of life
Report section 4.2.8,4.2.81

Description of issue and The EAG considers that the impact of HHF on patients’ quality of life is
why the EAG has identified overestimated in the model given the company’s assumption that all HHFs in
it as important the model impact patients’ quality of life for 1 year after the event.

Clinical expert opinion provided to the EAG indicated that a reasonable
assumption is that 1 day in hospital impacts patients’ quality of life for 1
week after discharge. The other clinical expert indicated that 6 months of
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What alternative approach
has the EAG suggested?

What is the expected effect
on the cost-effectiveness
estimates?

What additional evidence or
analyses might help to
resolve this key issue?

_ impact (as a maximum) could also be plausible after discharge.

The EAG requested that the company conducted two alternative scenario
analyses where:

1. It was assumed that HHF events impact patients’ QoL for 2.75 months
after discharge (corresponding to an impact of 11 weeks after being
hospitalised for 11 days, the mean hospitalisation time in EMPEROR-
preserved for heart failure).

2. It was assumed that HHF events impact patients’ QoL for 6 months after
discharge.

The ICER for the first scenario increases to £17,912 per QALY gained and
to £16,511 for the second scenario (compared to the base case ICER of
£14,429).

None.

Abbreviations: CV, cardiovascular; EMPEROR-R, EMPEROR-Reduced; ERG, evidence review group; HFrEF, heart failure
with reduced ejection fraction; ICER, incremental cost-effectiveness ratio; KCCQ-CSS, Kansas City Cardiomyopathy
Questionnaire clinical summary scores; KM, Kaplan-Meier; SoC, standard of care; UK, United Kingdom.

Table 7. Issue 6. Overestimation of costs associated with HFF events and CV deaths in the model

Report section

Description of issue and
why the EAG has identified
it as important

What alternative approach
has the EAG suggested?

What is the expected effect
on the cost-effectiveness
estimates?
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The mean duration of HHF in EMPEROR-Preserved was 11 days; with a
median of 8 days; and Q3 of 13 days. The EAG is therefore, concerned with
the company’s use of the more severe cost code (EBO3A), associated with a
53-day long hospitalisation, which is likely to overestimate HHF costs in
comparison to EMPEROR-Preserved.

The EAG also disagrees with the use of the chosen estimates from Alva et
al. 2015 to estimate the cost of CV deaths as these relate to the added costs
on hospitalisations due to T2DM complications. Finally, the EAG considers
that the costs of CV death are further overestimated given that 46% of
deaths in EMPEROR-Preserved were sudden cardiac deaths (likely to be
associated with no additional cost), and that the company did not consider
these in the weighted costs of CV death.

Given the less severe cost code (EBO3E) is associated with 13 days in
hospital, the EAG asked that the company conducted a scenario analysis in
the model where the cost of £2,062 was used to calculate the cost of all
HHFs events in the model.

The EAG also asked that the company used the alternative estimates
provided in Table 3 of Alva et al., which reported the absolute cost of CV
fatal events.

Finally, the company also included two additional options in the model: a
conservative approach where the cost of sudden cardiac death was zero,
decreasing the overall costs of CV death to £1,452; and a second option
where the total HRG costs for cardiac arrest of £1,632 was used, leading to
overall costs of CV death of £2,345.

Decreasing the costs associated with HHF events and CV deaths leads to
an increase in the ICERs.
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What additional evidence or R\e}i[-}
analyses might help to

resolve this key issue?

Abbreviations: EMPEROR-R, EMPEROR-Reduced; ERG, evidence review group; HHF, hospitalisation for heart failure;
QALY, quality adjusted life year; SoC, standard of care; UK, United Kingdom; type-2 diabetes mellitus (T2DM)

1.4 Other key issues: summary of the EAG’s view

As reported in Table 22, SoC + empagliflozin results in a mean 4.51 increase in KCCQ-CSS score over
52 weeks and SoC alone offers a 3.18 increase. The mean change (95% Cl) in KCCQ-CSS score for
empagliflozin compared to placebo was 1.32 (0.45 to 2.19) and this is statistically significant.
However, as detailed in Section 3.2.8.10, a 5-point change in the KCCQ score is commonly
considered to be a clinically significant difference in health status in people with HF. Therefore, the
comparative effectiveness did not approach what would be considered to be a clinically significant

difference.

1.5 Summary of EAG’s preferred assumptions and resulting ICER
The EAG’s preferred assumptions are:
Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without imputation.

Assuming that empagliflozin does not have an effect on overall survival.

Using the age-related decrements from Ara and Brazier 2010.

P W pp R

Using the EBO3E code to cost HHF in the model, rather than using a weighted mean cost
derived from national FCEs for more severe HHFs events.
5. Using a unit cost for CV death in the model of £1,452 (with the cost of sudden death

assumed to be zero).
In addition to the assumptions listed above, the EAG conducted one set or alternative scenarios:

6. Assuming HHF impact patients’ QoL for 11 weeks after hospitalisation.

7. Assuming HHF impact patients’ QoL for 6 months year after hospitalisation.
Finally, the EAG conducted the alternative combined scenarios described above with the following:

8. Assuming that empagliflozin does not have an effect on CV related deaths (directly or

indirectly), or on overall survival.
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Depending on the assumptions made, the EAG-preferred ICER falls within a wide range of-
_. Given how similar the deterministic base case results are to the probabilistic

results, the EAG did not present probabilistic results of the exploratory analysis conducted.

The company’s scenario analysis of assuming that the TPs between KCCQ-CSS quartiles for patients
on treatment are the same as those for patients off treatment from month 9 onwards has a

considerable impact on the EAG’s cumulative ICER, ranging from _,

depending on the assumptions used.
Therefore, the EAG recommends that the committee validates the following assumptions:

1. The impact of empagliflozin on patients’ survival (both overall and CV-related, as explained
in Table 5 above).
2. The duration of the impact of empagliflozin on patients’ KCCQ-CSS scores.

3. The duration of the impact of HHF events on patients’ quality of life.

Table 8. EAG’s preferred model assumptions
Preferred assumbtion Incremental Incremental ICER (change from
P costs QALYs company base case
Company base case £14,429

Use the observed KCCQ-CSS TPs data from
EMPEROR-Preserved without imputation.

Assuming that empagliflozin does not have
an effect on overall survival (directly or
indirectly) but has an effect on CV mortality.

Using the age-related decrements from Ara
and Brazier 2010.

Using the EBO3E code to cost HHF in the
model, rather than using weighted mean
derived from national FCEs for more severe
HHFs events.

Using a unit cost for CV death in the model
of £1,452 (with the cost of sudden death
assumed to be zero).

Assuming HHF impact patients’ QoL for 11
weeks after hospitalisation.

Assuming HHF impact patients’ QoL for 6
months year after hospitalisation.

Assuming that empagliflozin does not have
an effect on overall survival (directly or
indirectly) and does not have an effect on CV
mortality.

EAG’s assumptions combined when HHF
impacts patients’ QoL for 11 weeks after
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hospitalisation and empagliflozin has an
effect on CV mortality

EAG’s assumptions combined when HHF
impacts patients’ QoL for 6 months after
hospitalisation and empagliflozin has an
effect on CV mortality

EAG’s assumptions combined when HHF
impacts patients’ QoL for 11 weeks after
hospitalisation and empagliflozin does not
have an effect on CV mortality

EAG’s assumptions combined when HHF
impacts patients’ QoL for 6 months after
hospitalisation and empagliflozin does not
have an effect on CV mortality

Abbreviations: EAG, evidence review group; ICER, incremental cost-effectiveness ratio; QALY, quality adjusted life year
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2  Introduction and background

2.1 Introduction

This report contains an assessment of the company submission (CS) submitted for the Single
Technology Appraisal (STA) of empagliflozin (Jardiance®, Boehringer Ingelheim) for treating chronic

heart failure (HF) with preserved or mildly reduced left ventricular ejection (LVEF).

The European Society of Cardiology (ESC) defines chronic HF with reduced LVEF (HFrEF) as a LVEF of
40% or less; chronic HF with mildly reduced LVEF (HFmrEF) as a LVEF between 41% and 49%; and
chronic HF with preserved LVEF (HFpEF) as a LVEF of 50% or more.! The NICE guideline Chronic heart
failure in adults: diagnosis and management [NG106] defines HFrEF as a LVEF of 40% or less but does
not specify a mildly reduced LVEF category.? This report will use the ESC definitions for reduced,

mildly reduced, and preserved LVEF.

2.2 Background

Empagliflozin was previously recommended by the National Institute for Health and Care Excellence
(NICE) for treating HFrEF [TA773].2 It is to be used as an add-on to optimised standard care with:
e an angiotensin-converting enzyme (ACE) inhibitor or angiotensin 2 receptor blocker (ARB),
with a beta blocker and, if tolerated, a mineralocorticoid receptor antagonist (MRA), or

e sacubitril valsartan with a beta blocker and, if tolerated, an MRA.

The company seeks to expand that recommendation for empagliflozin for people with HFmrEF or

HFpEF.

Within Section B.1.3.1.1 of the company submission (CS), the company provides an overview of HF
signs, symptoms, and underlying pathologies. Overall, based on advice from its clinical experts, the
External Assessment Group (EAG) considers the CS to present an accurate overview. There were,

however, a number of additional clinical factors the EAG’s experts noted.

The EAG’s clinical experts stated that at diagnosis when a person’s LVEF can stay the same as at
diagnosis but people commonly cross from any one category to any other during the course of their

disease.

A measurement of a person’s LVEF is normally done by using an echocardiogram. The EAG’s clinical
experts highlighted that there is significant intraobserver, inter observer and inter study variability in

LVEF measurement. A person’s LVEF could measure as much as 10% higher or lower when repeated
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the next day and therefore, a person may move between categories with repeated scans or when
scanned by different personnel. The EAG’s clinical experts stated that this is a limitation for defining

a person’s HF using echocardiogram to measure their LVEF.

The clinical experts advised that people with HFrEF are a more homogeneous pathophysiological
group with similar final common pathophysiological pathways that are treated using the same
classes of drugs. This is less the case for people with HFpEF who are a heterogenous
pathophysiological group. In between these two groups are people with HFmrEF where the
underlying pathophysiology can be less clear. Many of these people align with those with HFrEF and
respond to the set of treatments used in that group. Alternatively, they are sometimes more similar

to people with HFpEF for whom there are limited HF treatments.

2.2.1 Treatment of people with heart failure and positioning of empagliflozin

Figure 1 below is taken from Chronic heart failure in adults: diagnosis and management [NG106] and
presents the England and Wales treatment pathway for people with HF as it stood in 2018.* SGLT2
inhibitors, empagliflozin and dapagliflozin, were recommended as add-on treatments for people

with HFrEF in 2021.

All people with HF are offered diuretics for congestive symptoms and fluid retention. At that point a
person’s LVEF determines the treatment pathway they take. There are several pharmacotherapy
options for people with HFrEF and as mentioned above, this now includes SGLT2 inhibitors. People
with HFmrEF/HFpEF have no specific HF treatment after they are offered diuretics. Management of
these people involves treating comorbidity that cause and/or exacerbate heart failure including
hypertension, AF, diabetes and obesity. This is because drugs which improved prognosis in HFrEF,
such as angiotensin-converting enzyme (ACE) inhibitors, angiotensin Il receptor blockers (ARBs), beta
blockers, mineralocorticoid receptor antagonists (MRAs), and angiotensin receptor-neprilysin

inhibitor (ARMI) have not been clearly shown to improve prognosis in people with HFmrEF/HFpEF.>®
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Figure 1. Treatment pathway in chronic heart failure management [NG106]

Chronic heart failure: management NICE [ctiondinstiutater @ e
Chronic _ Offer diuretics for congestive symptoms and fluid
heart failure retention
diagnosed by
specialist
Heart Heart
failure failure
with preserved « » with reduced
ejection ejection l
fraction fraction Offer:
} e ACEI* and BB
MRA¥ if symptoms contil
Manage comorbidities such as Offer a personalised exercise- sl il 4 it
hypertension, atrial fibrillation, > based cardiac rehabilitation i
ischaemic heart disease and programme unless condition is s =
diabetes in line with NICE guidance unstable Consider ARB® if intolerant of ACEI
Y
If symptoms persist despite first-line treatment, Consider hydralazine and
seek specialist advice and consider one or more of nitrate if intolerant of ACEl
the following and ARB
Replace ACEI (or Add ivabradine for
ARB) with sacubitril sinus rhythm with Add hydralazine and Digoxin for heart
valsartan® if heart rate >»75 and nitrate (especially failure with sinus
ejection fraction ejection fraction if of African- rhythm to improve
<35% (TA388) <35% (TA267) Caribbean descent) symptoms
M serum sodium, ium and assess renal function before and after starting and after each dose increment.
;If eGFR is 30 to 45 ml/min/1.73 m?, consider lower doses or slower titration of ACEl or ARBs, MRAs, sacubitril valsartan and digoxin_ :
© NICE 2018 All rights reserved. Subject to Notice of rights. s from NICE's guiclelin i Can the criginal guidan: i i G108 |

The company’s proposed treatment pathway, including empagliflozin, for all people diagnosed with
HF, is reproduced from the CS in Figure 2 below. It does not mention dapagliflozin which is also

currently recommended as an add-on treatment for people with HFrEF.°
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Figure 2. Proposed positioning of empagliflozin in NICE treatment pathway for chronic HF
(reproduced from CS, Figure 4)

Chronic Heart

Failure Offer diuretics for congestive symptoms and fluid

retention

diagnosed by
specialist

Heart Failure Heart Failure
with (EF >40%) with (EF <40%)

Proposed positioning
v of empagliflozin v

Manage comorbidities such as
hypertension, atrial fibrillation,
ischaemic heart di: and diab

Empagliflozin as an

in line with NICE guidance

v

Offer a personalised exercise based
cardiac rehabilitation programme
unless condition is
unstable

Offer:
* ACEl and beta-blocker

=" - an MRA if symptoms continue

Consider :

* ARB if intolerant of ACEI

* Hydralazine and nitrate if intolerant
of ACEl and ARB

v

Offer a personalised exercise based

cardiac rehabilitation programme
unless condition is
unstable

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blockers; EF, ejection

fraction; MRA, mineralocorticoid receptor antagonist.

In June 2022, the Medicines and Healthcare Products Regulatory Agency (MHRA) granted marketing
authorisation for the use of empagliflozin as a treatment for adults with HFmrEF/HFpEF. This
approval expanded the indication of empagliflozin to include all adults with HF. The treatment
regimen is a fixed 10 mg oral dose once daily and the mode of action is detailed in Table 3 in Section

B.1.2 in the CS.

The company has positioned empagliflozin as a single HF treatment, outside of diuretics, that can be
offered to all people with HFmrEF/HFpEF. The EAG’s clinical experts have highlighted that treatment
options for this patient population are severely limited and, as such, there is an unmet need for an

effective treatment to be made available.

Within the CS, the company states for people with HFrEF, there is an issue with people receiving
empagliflozin based on perceived ambiguity in the recommendation for TA773. That is, “Start
empagliflozin for treating symptomatic heart failure with reduced ejection fraction on the advice of
a heart failure specialist.” The company asserts that this has resulted in an additional referral to
secondary care being required. The first obtains a diagnosis and the second for treatment initiation
with empagliflozin. The company recommends that prescribing of empagliflozin could be better

facilitated in primary care.
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The EAG’s clinical experts advised that a diagnosis and categorisation of HF should usually be made
in secondary care, with treatment decisions made by the patient’s multidisciplinary team (MDT).
Prescribing of empagliflozin could take place in primary care, following a recommendation from the

MDT.

2.3 Critique of the company’s definition of the decision problem

The company provides a summary of the final scope® issued by NICE, together with their rationale
for any deviation from the final scope. The decision problem is addressed in Table 2 in Section B.1.1

in the CS.
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Table 9. Summary of decision problem

Final scope issued by NICE Decision problem addressed in | Rationale if different from the
the submission scope

Population The table in the final scope states  Adults for the treatment of Not applicable The company uses the EMPEROR-
the population to be adults with symptomatic chronic heart failure Preserved trial as the source of its
symptomatic chronic heart failure (EF >40%). clinical effectiveness data. Clinical
with left ventricular ejection experts advising the EAG, consider
fraction of 40% or more. the population within EMPEROR-

Preserved to be younger, but outside
of age, broadly representative of
clinical practice in the UK. See
Sections 3.2.1 and 3.2.2 for further
discussion of the eligibility criteria and
baseline characteristics of the trial

participants.

Intervention Empagliflozin in combination with Empagliflozin as an add-on to Not applicable The intervention in the EMPEROR-
standard care (including loop established clinical management. Preserved trial was empagliflozin in
diuretics and symptomatic Empagliflozin does not replace combination with standard care. The
treatments for co-morbidities). established clinical management. clinical experts advising the EAG felt

the standard care treatment were a
reasonable representation of that in
England and Wales. However, they
were concerned that people in both

groups were using | EGNN:G
I <dications. Further

discussion can be found in Section

3.2.2.
Comparator(s) Established clinical management Established clinical management.  Not applicable The comparator in the EMPEROR-
without empagliflozin, including Preserved trial was placebo in
but not limited to loop diuretics, combination with standard care. See
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Outcomes

Economic analysis

calcium-channel blockers,
amiodarone, and anticoagulants.

The outcome measures to be
considered include:

e symptoms of heart failure

e hospitalisation for heart
failure

e all-cause hospitalisation
e  mortality

e cardiovascular mortality
e  kidney function

e adverse effects of
treatment

e health-related quality of
life

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

“Same”

Not applicable

Not applicable

the cell above for comments on the
standard care treatment.

All of the outcomes in the NICE final
scope were reported in the
EMPEROR-Preserved trial. This was
the primary source of data for the
economic model.

The EAG notes that the primary
outcome from EMPEROR-Preserved
is the composite of the combined risk
of CV death or HHF. While the
combined outcome isn’t used in the
economic model, the two individual
outcomes (CV death and HHF) are
used.

The clinical evidence was taken
primarily from the EMPEROR-
Preserved trial and the population
matched that stated in the NICE final
scope. Further discussion can be
found in Sections 3.2.1 and 3.2.7.

PAGE 29



Subgroups to be
considered

Special
considerations,
including issues
related to equity or
equality

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

Not included in the draft scope

Not included in the draft scope

BM)J TAG

No subgroups were considered
separately in the economic
analysis

Broad prescribing of SGLT2i in
primary and secondary care for
HF, regardless of EF, could
reduce the inequality in terms of
access to heart failure care in the
UK

The company does not provide any
cost-effectiveness results by subgroup
in the CS. However, the company
does provide the primary outcome for
15 subgroups (see Section B.2.7) and
used this to justify a similar treatment
effect across subgroups. See further
discussion in Section 3.2.7.

The CS details the socio-
economic equality
considerations linked to CV
disease. The CS also reflects on
the recommendation, initiation,
and prescribing of empagliflozin
within the HF population.

The EAG considers matters relating to
equality to be considerations for the
committee.

With regards to diagnosis and
treatment of HF, please see Section
2.2.1.

People 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.
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.
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Abbreviations:
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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 nine
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. Further,
the COVID-19 Marmot review
aims to reduce the widened gap
in health inequalities and build a
fairer society post pandemic.
Broad prescribing of SGLT2i
across primary and secondary
care can support the reduction
in disparity in terms of access to
HF care across socio-economic
groups within the UK. Together
with TA773, this appraisal
further supports this objective by
providing a treatment option for
those patients regardless of EF
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3 Clinical effectiveness

3.1 Critique of the methods review

The company presented the methods of the systematic literature review (SLR) in Appendix D of the
company submission (CS), and the EAG’s critique is presented in the table below. Appendix D states
a SLR was conducted to identify randomised controlled trials (RCTs) or SLRs in adults with chronic HF

(LVEF >40%).

Table 10. A summary of the EAG’s critique of the systematic literature review

Systematic | Section of EAG’s assessment of robustness of methods
review step | CS in which

methods
are reported

Data Appendix The EAG considers the sources and dates searched to be
sources D.1.1 comprehensive.

Databases searched:

e Embase; MEDLINE; MEDLINE In-Process; the Cochrane Library
(CENTRAL)

The original searches carried out in 2020 included RCT filters for all

databases except MEDLINE In-Process.

Later searches, 8 July 2021 and 7 July 2022, did not utilise RCT filters and
additionally searched the Cochrane Database of Systematic Reviews.

Conference proceedings (2018 to 2021):

¢ American Heart Association (AHA), European Society of Cardiology
Congress (ESC), American College of Cardiology (ACC)

Bibliographies of key systematic reviews and meta-analyses were screened to
ensure that initial searches captured all the relevant studies.

Search Appendix The EAG is satisfied that the company’s searches have identified all
strategies D.1.1.3 evidence relevant to the decision problem.

The electronic database searches were performed from database inception to
date of the SLR, without any time limit. The electronic databases were
searched using a combination of MeSH/EMTREE terms, and free-text terms
for both disease and intervention facets. All free-text terms were limited to
abstracts, titles and keyword headings.

Inclusion Appendix The EAG considers it likely a relevant study was excluded.
criteria D.1.1.4 The eligibility criteria matched the target population. Criteria for the
(Table 15) intervention and comparator were wider than that specified in the NICE scope.

The outcomes contained small differences to the NICE scope but the CS
stated that their list was tentative rather than exhaustive. Records were limited
to English language studies. A reference list of all records excluded at full text
review was provided.

However, 17 ‘included’ RCTs were effectively excluded without reasoning
provided. One of these studies, EMPERIAL-Preserved, appeared to meet the
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SLR’s inclusion criteria but was not presented. This is discussed further in

Section 3.1.1.
Screening Appendix The EAG considers the reporting of methods for screening to be
D.1.1.4 adequate.

Title/abstract screening and full text screening was conducted by two
independent reviewers. Any discrepancy was resolved by a third, independent

reviewer.
Data Appendix One reviewer extracted the data from the included full-text articles. All
extraction D.1.1.5 extracted data were quality checked against the original source article by the
second reviewer.
Tool for Appendix The EAG agrees with the company’s choice of quality assessment tool
quality D.1.2.3 and of RCTs.
assessment  D.5 (Table Study quality was assessed using recommendations given in the NICE
of included 13) manufacturer's submission template.
study or
studies

Abbreviations: CENTRAL, Cochrane Controlled Register of Trials; EAG: External Assessment Group

3.1.1 Inclusion criteria

From the SLR, 18 RCTs were stated to be included and this contained the EMPEROR-Preserved trial,
which was the primary source of data for the economic model. The methodology and results of the
EMPEROR-Preserved trial were presented in the CS but summaries and results from the remaining
17 RCTs ‘included’ in the SLR were not presented. Therefore, 17 RCTs were effectively excluded from
the SLR but no explicit reasoning was given. It is good practice within SLRs to provide reasons for
exclusion when the full text of a paper has been assessed and a lack of transparency in the process

leads to a risk that relevant studies have been excluded.

Of the 17 RCTs effectively excluded from the review, 16 did not utilise empagliflozin as part of the
intervention and so it is unlikely they addressed the NICE decision problem. However, EMPERIAL-
Preserved!! met the SLR’s PICO but was effectively excluded. Section B.2.1.1, separate to, the
excluded studies list, states the primary outcome of EMPERIAL-Preserved was not relevant for the
decision problem and the quality of life secondary endpoint measured using PROs is not
recommended by the NICE reference case. It was a 3-month trial and included Kansas City
Cardiomyopathy Questionnaire (KCCQ) outcomes and safety outcomes, both of which were relevant
for this STA. The company should have included this study and presented the KCCQ and safety data,
either for use alongside the EMPEROR-Preserved data in the economic model or for use in validating

3-month KCCQ and safety data from the EMPEROR-Preserved trial.
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3.2 Critique of trials of the technology of interest, the company’s analysis and
interpretation

In this section, the EAG critiques the EMPEROR-Preserved trial as the primary source of data for the

economic model. The methods and baseline characteristics of participants are presented in Section

B.2.3 of the CS, plan for analysis and CONSORT flow diagram in B.2.4, critical appraisal of the trial in

B.2.5, clinical effectiveness results in B.2.6, and subgroup analysis in B.2.7. As noted in Section 3.1.1,

the EMPERIAL-Preserved trial was relevant but effectively excluded from the SLR.

The EAG’s critique of the design, conduct and internal validity of EMPEROR-Preserved is presented in
Table 11 below.

Table 11. A summary of the EAG’s critique of the design, conduct and analysis of EMPEROR-
Preserved

Aspect of trial | Section of EAG’s critique

design or CS in which

conduct information
is reported

Randomisation B.2.3, CSR Appropriate

Randomisation was performed by using a permuted block design with a
computer pseudo-random number generator. Randomisation was stratified
by EF (<50%, 250%) and >66% of enrolled patients had EF 250%.

Concealment NA Appropriate

of treatment An Interactive Response Technology System was used to determine
allocation treatment assignment.

Eligibility B.2.3 Appropriate

criteria The inclusion criteria for EMPEROR-Preserved, adults for the treatment of

symptomatic chronic heart failure (EF >40%), matched the population stated
in the NICE final scope. The EAG’s clinical experts indicated the trial’s
inclusion criteria linked to a minimum NT-proBNP and maximum BMI criteria
were not a cause for concern. This is expanded upon in Section 3.2.1.

Blinding B.2.3 Appropriate

EMPEROR-Preserved was a double-blind study. The participants, treating
physicians, and independent external clinical event committees were

blinded.
Baseline B.2.3.2 Appropriate
characteristics ~ Table 16 The baseline characteristics were similar between treatment groups. The

EAG’s clinical experts considered the characteristics to be broadly
appropriate for the population they see in clinical practice.

They did comment that the age of the people in the trial was lower than that
seen in their clinical practice and there may be a lower proportion of people
with HF and comorbid with type 2 diabetes and/or hypertension.

Within the trial were roughly an equal number of people with an EF from
40% to <50%, 50% to <60%, and =60%. The EAG'’s clinical experts did not
indicate this was an unreasonable reflection of what might be found in
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clinical practice. At clarification, the company stated that no capping was
used to influence the LVEF of people recruited to the trial.

Dropouts B.2.41 Some concerns

Table 17 The median length of treatment for participants in EMPREROR-Preserved
was 26 months. Of the people in the empagliflozin group, 23.2%, and 23.4%
in the placebo group discontinued medication for reasons other than death.
Discontinuations due to adverse events were 11% in the empagliflozin group
and 10% in the placebo group. The EAG asked for clarification on why these
numbers were higher in EMPEROR-Preserved than EMPREROR-Reduced
given the similarity of populations and treatments. The company’s
clarification response (CR) stated the differences between the trials was due
to the differences between the recruited population and the longer follow-up
in the EMPEROR-Preserved trial. This is further discussed in Section 3.2.3.

Statistical analysis

Sample size B.2.4.1.3 No concerns

and power Table 17 The CS stated that there was a target of 841 primary outcomes to achieve a
power of 90% for a two-sided test with a=0.05 and detect a hazard ratio of
0.80. By the end of the trial, there were 926 primary outcomes.

Handling of B.2.4.1.3 Some concerns

missing data Table 17 The study handled missing data in several primary analyses using either a
multiple imputations framework or multivariate Cox regression models. Both
methods impute data that is matched the data that was collected assuming
that data are missing at random. The EAG has concerns these two methods
for managing missing data do not take into account participants who
withdrew from the study due to ineffectiveness of the intervention.
Last observation carried forward (LOCF) was used to handle missing data
for KCCQ-CSS scores. Again, this method imputes data that matches the
data that was collected assuming that data are missing at random.

In several cases including the subgroup analysis and adverse events, no
imputation was performed.

The concerns are further discussed in Section 3.2.3.

Qutcome B.2.3.1.5, Some concerns

assessment B.2.3.17, The outcome assessors were blinded to the treatment group of the
B.2.4.1, participants. The adjudicated primary endpoints were comprehensively
B.3.4.1,CSR  defined in Table 15 of the CS.
9.5.1 EQ-5D-5L was assessed at baseline and weeks 12, 32, 52, 100, and 148.

KCCQ, the efficacy outcome utilised in the economic model, was assessed
at 52 weeks but was not assessed again until the two EOT visits. This is of
concern to the EAG as due to this being an event-driven trial, the EOT
outcome could be prior to 52 weeks in some participants and more than
three years in others. This is further detailed in Section 3.2.5.

Analysis for B.2.6.2.9, Appropriate
estimate of B.2.4.2, Most of the study’s reported outcomes were analysed using the randomised
effect set (RS) and a number used the treated set (TS). Both groups appear very

closely matched in terms of their composition.

The primary report of deterioration of renal function was in people who were
“on-treatment”. This is per-protocol analysis where the comparison of
treatment groups includes only those people who completed the treatment
originally allocated when the outcome was assessed. Per protocol analysis
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is not thought to represent the real-life situation and is likely to show an
exaggerated treatment effect.'> However a secondary analysis reports the
outcome in the randomised set.

Abbreviations: ALT: alanine aminotransferase; CHD: chronic hepatitis delta; CSR: clinical study report; EAG: evidence
review group; HDV: hepatitis delta virus; HRQoL: health-related quality of life; ITT: intention-to-treat; NICE: National Institute
of Health and Care Excellence; PCR: polymerase chain reaction

3.2.1 Eligibility criteria

The people included in the trial met the decision problem stated by NICE. They were adults with
HFmrEF and HFpEF. In Section 9.3.1 of the CSR, the full inclusion criteria are detailed. A notable
criterion was participants having had no prior measurement of LVEF £40% under stable conditions.
EF measurements can vary by as much as 10% when repeated the next day and this inclusion
criterion limited the number of people who were HFrEF participating in the trial. Empagliflozin was
shown to be effective in the HFrEF (LVEF <40%) population in the EMPREROR-Reduced trial*3, and
including a proportion of these people in the trial would have biased the result in favour of

empagliflozin.

Participants were required to have a NT-proBNP of more than 300 pg/mL for people without atrial
fibrillation (AF), or more than 900 pg/mL for people with AF. NT-proBNP is most often used to
diagnose or rule out heart failure and indicates how much stress the heart is under. The NICE
guideline, Chronic heart failure in adults: diagnosis and management (NG106),2 recommends people
with NT-proBNP of 400 pg/mL or higher are referred for specialist assessment. Thus several people
with a slightly lower level would have been recruited for the trial. The clinical experts advising the
EAG assessed this to be an “inclusive” criterion and unlikely to rule out a relevant section of the HF

population.

People were excluded if they had a BMI of 45 kg/m? or greater at baseline. No reasoning for this
criterion was provided in the CS. The EAG’s clinical experts speculated that this is likely to be a more
comorbid group and there could be a concern that the positive effects of empaglifliozin treatment
would be harder to discern if this group had been included. However, they did not have any specific
concerns that this population would react differently to empagliflozin treatment than people with a

BMI under 45 kg/m?.
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3.2.2 Baseline characteristics

The population recruited in the trial were adults with HFmrEF and HFpEF. The EAG’s clinical experts
commented that the trial participants are representative of people with HF seen in England and

Wales.

The people recruited to the trial had a mean age of 72 years old and the EAG’s clinical experts
indicated this is younger than the people in their practice who are more often in their 80s. The
experts understood it was difficult to recruit older people into clinical trials and the subgroup
analysis provided by the company appeared to indicate recruiting younger people did not necessarily

favour empagliflozin.

In the trial, 81% of people had a New York Heart Association (NYHA) functional class Il and 18% class
Ill. The EAG’s clinical experts considered this to be a reasonable reflection of the relevant England

and Wales HF population.

The family background of people in the study was 76% White, 4% Black, 14% Asian, 6% other. This is
broadly representative, although in England and Wales, the proportion of Asian people is lower and
White people is higher. The EAG’s clinical experts were not aware of any evidence or reasoning why

family background would impact the effectiveness of empagliflozin.

The time since diagnosis for the trial participants was slightly higher than the EAG’s clinical experts
see in practice. This is because they more commonly see people at diagnosis and people are
discharged back to primary care for treatment initiation and prescribing. The number with HF for
over 10 years were few and this was as expected as people diagnosed with HFmrEF/HFpEF tend to
be over 75 years old, with comorbidities, and many will not survive for more than 10 years. The
EAG’s clinical experts felt that the participants recruited for the trial were a better reflection of HF

care in England and Wales than limiting recruitment to people who were recently diagnosed.

The population was comorbid and details of the CV history and diabetes status is presented in Table
12 below. Overall, the EAG’s clinical experts considered these proportions to be a reasonable
reflection of people with HFmrEF and HFpEF in England and Wales. One expert stated that the
proportion of people of people with HFmrEF/HFpEF and hypertension or type 2 diabetes (T2D)
would be slightly lower in the England and Wales. Subgroup analysis presented in Figure 3 in Section

3.2.7 found little difference in the primary outcome for people living with or without T2D and the

BM) TAG

PAGE 37



EAG’s clinical experts were not aware of any reason why small variations in comorbidity would

influence the estimate of the effectiveness of empagliflozin.

The EAG’s clinical experts also noted that it is common practice in HF trials to make hospitalisation
for HF in the past 12 an inclusion criterion. This is a method used to “enrich” the trial population
with people who have been hospitalised before and who are therefore more likely to be hospitalised

again. This was not done in the EMPEROR-Preserved trial.

Table 12. Comorbidities at baseline (adapted from Table 16 in the CS)

Empagliflozin (N=2,997) Placebo (N=2,991)
:Zipt)::lisation for HF in €12 699 (23.3) 670 (22.4)
Atrial fibrillation 1,543 (51.5) 1,514 (50.6)
Hypertension 2,721 (90.8) 2,703 (90.4)
Diabetes status
I I I
| I .
I I .
With diabetes 1,466 (48.9) 1,472 (49.2)

Abbreviations:

The baseline medications participant’s received were detailed in Table 16 in Section B.2.3.2 of the
CS. They have been reproduced in Table 13 below. The clinical experts advising the EAG considered
that the baseline medications reflected the people recruited into the study. A slightly higher
proportion of people with hypertension participated in the trial than would be expected in England
and Wales’s clinical practice. They are treated with ACEl and beta-blockers, and consequently the
number of people using ACEl and beta-blockers might be slightly lower in clinical practice. Also, I of
people in each group were treated with . - does not have marketing authorisation for use in
people with HFmrEF/HFpEF, and people who had previously been measured as HFrEF were excluded
from the study. The EAGs clinical experts explained that this could be due to - having marketing

authorisation in people with HFmrEF in the USA.

Table 13. Baseline medications (reproduced from CS, Table 16)

HF medication, N (%)

Empagliflozin (N=2,997) Placebo (N=2,991)
I I I
| L L
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ACELI: Angiotensin-converting enzyme inhibitors, ARB: angiotensin Il receptor blockers, ARNI:
angiotensin receptor/neprilysin inhibitor

PULSE was a large retrospective observational study of the burden of chronic HF, in England, and
was used again to validate the outcomes predicted from the economic models. It was based on
existing data from the UK Clinical Practice Research Datalink (CPRD) linked to hospital episode
statistics (HES) and office for national statistics (ONS) mortality data. Table 14 below details the
‘background treatments’ for people in EMPEROR-Preserved and PULSE. The EAG noted much higher
proportions of people were using each medication class in EMPEROR-Preserved than in the PULSE
(LVEF>40%) group and requested an explanation at clarification. The company stated that
background treatment in PULSE used CPRD and this captures primary care prescribing but will
underestimate prescribing if it happens outside of primary care. The company also stated that the
largest group in PULSE had "unknown" LVEF which will have included people with HFmrEF/HFpEF.
Correct categorisation of this group would have provided a more accurate treatment profile of the

HFmrEF/HFpEF population.

Table 14. Background treatments for HF in EMPEROR-Preserved vs PULSE (a CPRD study)

(reproduced from CS, Table 9)
Treatment Arm EMPEROR-Preserved | PULSE (unknown PULSE (LVEF>40%)
(Combined Groups) group)

9718 (100.0) ]
HF medication [(N), %]
ACEi/ARB 7305 (75.2) [ [ ]
Beta-blocker 8700 (89.5) [ [
Diuretic 8708 (89.6) [ ] [ ]
MRA 4905 (50.5) [ ] [ ]
Sacubitril/valsartan 861 (8.9) - -
Ivabradine 331(3.4) [ I
Digoxin NR [ I
Hydralazine/nitrate 282 (2.9) I I

The EAG asked the company for clarification on whether there was a recruitment strategy linked to

participant’s LVEF outside of recruiting people with LVEF >40%.
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The EMPEROR-Preserved trial protocol states the aim to recruit a trial population consisting of
approximately 35% to 50% with an LVEF >50% with a mechanism to cap enrolment based on a
recommendation from the executive steering committee. The mean LVEF in the trial was 54% and
participants were recruited to the trial with a slightly higher EF than was originally aimed. The
company stated in their response at the clarification stage that the Executive Committee advised to
keep recruiting without capping participants with higher LVEF. However, prior to unblinding, the
Trial Statistical Analysis Plan was updated to include subgroup analysis in three LVEF groups: <50%,

>50% to <60%, and >60%.

A breakdown of the participants into the three LVEF subgroups is presented in Table 15 below. The
clinical experts advising the EAG stated the numbers in each LVEF category in the trial were not an

unreasonable reflection of what could be found in clinical practice.

Table 15. Breakdown of participants by baseline left ventricular ejection fraction

Baseline characteristics Empagliflozin 10 mg

Left ventricular ejection fraction (LVEF)

Value of <50%, N (%) 995 (33.2) 988 (33.0)
Value of 50% to <60, N (%) 1,028 (34.3) 1,030 (34.4)
Value of 260%, N (%) 974 (32.5) 973 (32.5)

3.2.3 Dropouts

EMPEROR-Preserved was an event-driven trial and people who were recruited earlier in the trial
were treated and followed up for longer than those who were recruited later. The length of time
participants were observed during the study was detailed in the clinical study report and has been
reproduced in Table 16 below. - of participants were treated for at least one year and -
were treated for at least 2 years. The median length of observation for trial participants was 26.2

months.

Table 16. Observational period up to the end of planned treatment period — randomised set
(reproduced from CSR, table 10.5: 1)

00
K 4
—
>
()
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Discontinuations for reasons other than death were 23.2% in the empagliflozin group and 23.4 % in the placebo
group. Discontinuations due to adverse events were 11% in the empagliflozin group and 10% in the placebo
group. Dropouts, not due to fatal events, in the EMPEROR-Reduced trial which assessed empagliflozin in the
HFrEF population, were 16% in the empagliflozin group and 18% in the placebo group. The EAG requested
clarification on the higher discontinuation rate in EMPORER-Preserved.

The company’s clarification response stated there were a higher proportion of dropouts in
EMPORER-Preserved as compared to EMPEROR-Reduced due to the differences between the
recruited populations and the longer follow-up in the EMPEROR-Preserved trial. The EMPORER-
Preserved participants were older than those in EMPEROR-Reduced, 71 years old versus 67 years
old, respectively. Additionally, they were more comorbid with 50% to 36% living with AF and 90% to
72% with hypertension. The company state that these conditions are both associated with a higher
risk of adverse events and consequently discontinuation of treatment. The company also notes that
the median study treatment period was longer in the EMPEROR-Preserved (26.2 months) versus
EMPEROR-Reduced (16 months) trial. Having a longer treatment period increases the timeframe for
discontinuations to occur and, hence, results in an increased rate of discontinuations in the

EMPEROR-Preserved trial as compared with EMPEROR-Reduced.

The EAG also requested clarification on the number of people in three LVEF subgroups who
discontinued medication and Table 17 below was included in the company’s response. Similar

proportions discontinued in each LVEF subgroup.

Table 17. Medication discontinuations for reasons other than death in HF EF subgroups (Randomised
set)

HF LVEF subgroup Discontinuations / Sample size (%)

40% to < 50%
50% to < 60%
260%

3.2.4 Handling of missing data

Table 17 in Section B.2.4.1 of the CS sets out the framework for data management and patient

withdrawals used in EMPEROR-Preserved. Multiple methods were used for primary analysis and
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sensitivity analyses. This includes the Multiple imputations framework, multivariate Cox regression
models, and last observation carried forward (LOCF). All three techniques share the same
assumption that data are missing at random and impute data points that reflect the data that was
collected. The EAG is concerned the assumption does not account for participants who withdrew
from the study due to the ineffectiveness of the intervention as the data points imputed will mirror

the effectiveness seen in the participants who did not discontinue treatment.

For the primary outcome, using the multiple imputations framework, imputations were performed
for 172 patients with incomplete data (84 empagliflozin and 88 placebo). This equates to 3% in each
treatment group. The EAG is reassured by a similar dropout rate in both groups in the trial. That said,
any remaining bias introduced by this method of accounting for missing data is likely to favour the
more effective treatment. However, given the small proportion of patients affected, the EAG does

not consider this likely to have a major impact on outcomes reported from the trial.

The EAG requested data with and without imputation for KCCQ-CSS at each time point. This is

further discussed in Section 3.2.8.10.

The CS also indicates there was no imputation of data for safety analyses but it does specify those

who discontinued treatment due to adverse events.

3.2.5 Outcome assessment

EMPEROR-Preserved was an event-driven RCT, which was powered to detect a hazard ratio of at
least 0.8. A power calculation was made based on how many people to recruit, how likely the event
of interest was, how many events were required, and the period people would have to be followed
to achieve this. This led to the same end-of-treatment date for all participants irrespective of when
they were recruited. Thus, people who were recruited early were treated for over three years and
people recruited towards the end of the trial received treatment for less than one year. The median

treatment period of people in the trial was 26 months.

The outcome assessors were blinded to the treatment group of the participants and the adjudicated
primary endpoints were comprehensively defined in Table 15 of the CS. Table 18 below has been
adapted from the trial flow chart in the EMPEROR-Preserved CSR. People had 16 scheduled visits, 10
in person and 6 by telephone, until week 148. Visits then continued every 12 weeks until the EOT

visit and EOT+30 days visit.
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Adverse events were assessed at . visits. Trial endpoints, including CV mortality and HHF, at .
- from visit - Quality of life via EQ-5D-5L was assessed Itimes in the first year and then at
_, and at the _ KCCQ was assessed - in the first year, including at
-, but was not assessed again until the _

The EAG expected KCCQ to be measured at later points similar to that done for the EQ-5D outcome.
Measures at later time points could have provided further evidence of the longevity of
empagliflozin’s effectiveness. KCCQ measured at the . visit was not a consistent time point for
participants and the length of treatment at that point depended on when the person entered the

trial.
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Table 18. Outcomes trial flow chart (adapted from CSR, Table 9.5.1)
Follow-Up
Period

Randomised Treatment Period

Trial period

Assmt of
. 1 1 1 1 1 1 1 19061010015 015 1 1 1 1
endpoints
Adverse 1 1 1 1 °1 1 16 1P 1 169 91619 1P 1 11 11
events

KCcQ I i | | | 1
EQ-5D | | I I I | I |

From Visit 8 and onwards, on-site visits were to be scheduled every 24 weeks until end of trial. Patients who prematurely discontinued trial medication performed the EOT visit and the follow-up
visit, and then continued with scheduled visits until the trial was stopped. For patients not willing to attend scheduled visits, telephone calls were to be made regularly to document any occurrence
of outcome events and vital status. After 148 weeks, visits were to be repeated with same intervals as from Week 64 onwards.

PC: phone call

Assmt: assessment
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3.2.6  Analysis for estimate of effect

Most of the EMPEROR-Preserved reported outcomes were analysed using the randomised set (RS).
Several outcomes were measured in the treated set (TS) such as renal outcomes, including eGFR,
and KCCQ. This was all people who were dispensed study medication and were documented to have
taken at least one dose of the investigational treatment. It was unclear whether EQ-5D-5L was
measured in this group. Figure 6 in the CS states that one person randomised to the intervention
group did not start treatment and two people in the placebo group did not start treatment so it

would appear the TS and RS are closely matched.

Deterioration of renal function was reported in people who are “on-treatment”. This is per-protocol
analysis where the comparison of treatment groups includes only those people who completed the
treatment originally allocated when the outcome was assessed. This analysis is not thought to
represent a real-life situation and it is likely to show an exaggerated treatment effect.!> However a
secondary analysis of the deterioration of renal function was also reported using the randomised

set.

In most cases, the outcomes were reported from baseline and during periods of the study until a
final measure towards the end of the study. Outcomes linked to mortality (CV or all-cause), HHF, and
the primary composite outcome were reported every 3 months from baseline until 36 months. The
efficacy outcome utilised in the economic model was the KCCQ-CSS outcome and it is reported as 52
weeks in Table 22 in Section B.2.6.2.9 of the CS. It was also measured at the end of treatment (EOT)

visit and this was reported by the company at the clarification stage.

3.2.7 Subgroups

Figure 17 in the CS reports on 15 pre-specified subgroup analyses using the primary outcome, risk of
CV death or HHF. This has been reproduced below in Figure 3. No imputation was done for
covariates included in treatment by subgroup interaction terms. The EAG notes that carrying out so
many bivariate sensitivity analyses can produce spurious results and the subgroup analyses should

be interpreted with caution.

Among the conclusions drawn by the company from these subgroup analyses was that empagliflozin
was similarly effective in people who are diabetic versus people who are non-diabetic, people with

baseline eGFR =60 mL/min/1.73m?versus people with eGFR <60 mL/min/1.73m?, and people with
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above the median NT-proBNP versus people below the median NT-proBNP in the trial. The EAG
noted subgroup analyses that indicated variations in effectiveness between subgroups. Empagliflozin
was numerically more effective in people who were 70 years or older than those under 70 years old.
The EAG’s clinical experts advised that the people they see in clinical practice tended to be closer to
80 years old and were not concerned about the numerical reduction in effectiveness in the younger
population. Empagliflozin also appeared to be numerically more effective in people with a BMI
under 30 kg/m?than those with a BMI of 30 kg/m?or over at baseline. As stated in Section 3.1.1, the
EAG’s clinical experts speculated that people living with obesity are a comorbid group and the

positive effects of empagliflozin treatment may be harder to discern in a comorbid population.

Subgroup analysis was carried out for people in three LVEF categories. Empagliflozin was numerically
more effective in people with a baseline LVEF >40% to <50% than in people with an LVEF from 50%
to <60%. Likewise, it was numerically more effective in people with an LVEF from 50% to <60% than
those with an LVEF 260%. In people with HF and an LVEF 260%, the estimated hazard ratio of 0.87
with confidence intervals that span the line of no effect could be interpreted as not showing a
clinically meaningful benefit. A benefit of this analysis was that there was an apparent linear
reduction in effect across three subgroups but the study was not powered to detect a significant
difference between treatments in smaller subgroups. The clinical experts advising the EAG reflected
on this variation in effectiveness across subgroups defined by LVEF. They assessed the numerical
reduction in effectiveness in people with HFpEF may be a function of the heterogenous pathology of
the population. They concluded that empagliflozin is effective in this subgroup. A clinical expert

stated that most departments do not quote LVEF when it is above 55% as that is considered normal.

Subgroup analysis in three LVEF categories was provided by the company in their response to

clarification questions. It is further discussed in the relevant results section below:

e Kansas City Cardiomyopathy Questionnaire (KCCQ) score;
e Total HHF (first and recurrent);
e Cardiovascular mortality;

e All-cause mortality.
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Figure 3. Primary outcome of EMPEROR-Preserved in pre-specified subgroups (reproduced from CS,

Figure 17)
Subgroup N with event/ N analysed Hazard ratio  Interaction
Category Empa 10mg vs Placebo (85% Cl) pvalue Empa better Placebe better
Overall 415/2997  511/2991  0.79 (069,0.90) -
Baseline Diabetes Status 0.9224
Diabetic 239/1466 29111472  0.79 (067,0.94) m
Non-Diabetic 176M1531 22011519  0.78 (0.64,0.95) B
Age [years] 0.2548
<70 134/1086  152/1084 088 (0.70,1.11) .
=70 2811631 359/1907  0.75(0.64,0.87) -
Sex 0.5360
Male 253/1659  2097/1653  0.81(0.69,0.96) -
Female 162/1338  214/1338  0.75(0.61,0.92) [
Race 05783
White 31012286 370/2256 0.81 (0.69,0.94 HH
Black/ African-American 24/ 133 28/ 125 073 50,42.1 .25; —
Asian 54/ 413 771 411 0.65 (0.46,0.92) -
Other including mixed race 271 164 36/ 198  0.95(058,157) e
Baseline BMI [kg/m?] 0.3208
<30 223/1654  202/1642  0.74 (0.62,0.88) -
230 192/1343  219/1349  0.85(0.70,1.03) -
Baseline eGFR (CKD-EPI) 0.7673
[mU/min/1.73m7]
=80 152/1493  189/1505  0.81 (0.65,1.00) -
<60 26311504 321/1484  0.78 (0.66,0.91) .
Baseline SBP (</z median’) 0.5841
< median 20011496  249/1474  0.76 (0.63,0.91) =
= median 2151501 26211517  0.82(0.68,0.98) =
Baseline use of MRA 0.2169
No 233/1878  306/1866 073 EO 62‘0.87; = =
Yes 1821119 2051125 0.87 (0.71,1.06 [
History of atrial fibrillation 09588
or atrial flutter
No 1701417 21911427 078 50.64.0‘95; N
Yes 24411576 292/1559 0.78 (0.66,0.93 —.—
Baseline LVEF [%] 0.2088*
<50 145/ 995 193/ 988 Q.71 EO 57,088 bow
50 to <60 138/1028  173/1030  0.80(0.64,0.99 ]
=60 132/ 974 145/ 973  0.87 (0.69,1.10) e+
History of HHF (in the last 12 0.4441
months)
No 258/2298  319/2321 0.81(0.68,0.95) HH
Yes 157/ 699 192/ 670 0.73 (0.59,0.90) b
Baseline NYHA 0.3081
" 275/2435  361/2452  0.75(0.64,0.87) HH
v 140/ 562 150/ 539 086 (068,1.09) =
Baseline NT-proBNP [pg/mL] 0.8887
§<Iamed\an’ y atrial
\brillation/flutter status)
< median 1261477 168/1508 0.76 (0.61,0.96) =
2 median 288/1516 341/1478 0.78 (0.67,0.91) (=l
Baseline uric acid [mg/dL] 0.2367*
(tertiles™
<T1 96/ 963 147/ 975 065 (0.50,0.84) =
2T1 and <T2 1301032 132/ 966 092 ED VS b =
2T2 184/ 970  226/1018  0.81 (067,098 =
Baseline use of ACE-inhibitor, 0.6939
ARB or ARNi
No 90/ 569 121/ 587 0.75 %0.5?.0‘993 ——
Yes 325/2428  390/2404  0.80 (0.69,0.93 HH
r T T T T d
0126 025 05 1 2 4 8
Hazard ratio

3.2.8 C(linical effectiveness results from EMPEROR-Preserved

Summaries of the primary and secondary outcomes with the EAG comment are presented in this

section.
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3.2.8.1  Primary outcome: combined risk of CV death or HHF

The results demonstrated significantly that fewer people in the empagliflozin group (415/2997
people, 13.8%). experienced an event compared to in the placebo group (511/2991 people, 17.1%).
The company presented Figure 4, the cumulative incidence plot of CV death or first HHF, considering
non-CV death as a competing risk. The EAG notes from the plots for the individual outcomes of CV

death and HHF that the benefit for empagliflozin appears to be predominantly driven by HHF events.

Figure 4. Mean cumulative incidence plots of CV death or first HHF (Reproduced from CS, Figure 7)
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Empagliflozin 2997 2928 2843 2780 2708 2491 2134 1858 1578 1332 1005 709 402

The company conducted a Cox regression of the data for all randomised people adjusted for age,
baseline eGFR (CKD-EPl)cr, region, sex, treatment, and baseline diabetes status which showed a
clinically important reduction in the risk of CV death or HHF with empagliflozin compared to placebo
(HR 0.79; 95% Cl: 0.69 to 0.90, p<0.001). In addition, the company conducted three sensitivity

analyses of the primary endpoint:

e  Multiple imputation analysis addressing incomplete data for primary endpoints in 172
participants;

e Results unadjusted for covariates;

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

model).
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The EAG notes that the results from the sensitivity analyses were all consistent with the results of

the primary analysis (CS, Table 19).

This combined outcome is not utilised in the economic model but its two constituent parts are.

3.2.8.2 Total HHF (first and recurrent)

The total number of HHF event was significantly lower in the empagliflozin group than in the placebo
group with 407 events and 541 events, respectively. Figure 5 shows the mean cumulative incidence

plot of total HHF over time.

Figure 5. Mean cumulative incidence plots of total HHF (first and recurrent) (Reproduced from CS,
Figure 8)
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The company conducted an analysis using a joint frailty model with CV death as a competing risk
which showed a clinically important reduction in the risk of HHF (first and recurrent) with
empagliflozin compared to placebo (HR 0.73; 95% Cl: 0.61 to 0.88, p<0.001). In addition, the

company conducted five sensitivity analyses:

e Parametric joint gamma frailty model considering CV death as a competing risk;
e Joint frailty model considering all-cause mortality as a competing risk;
o Negative binomial model;

o Negative binomial model without covariate adjustment;
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e Cox regression for time to first adjudicated HHF.

The EAG notes that the results from the sensitivity analyses were all consistent with the results of

the primary analysis (CS, Table 20). First and recurrent HHF was an input for the economic model.

The EAG requested total HHF (first and recurrent) data in three LVEF subgroups at the clarification
stage. The company’s response is presented in Table 19 below. A _ for
empagliflozin was found for the LVEF 40% to <50% and LVEF 50% to <60% subgroups. There was I
_ between empagliflozin and placebo in the LVEF 260% group. This should be
interpreted with caution as the study was not powered to detect a significant difference between

treatments in smaller subgroups.

Table 19. Outcome data for total HHF (first and recurrent) by ejection fraction (Random|sed set)

Occurrence of adjudicated HHF (first and recurrent)

LVEF 40% to <50% [ [
LVEF 50% to <60% [ ] [
LVEF >60% [ [

Abbreviations:

3.2.8.3 Deterioration of renal function

The primary analysis was per-protocol analysis where the comparison of treatment groups includes
only those people who completed the treatment originally allocated when the outcome was
assessed. The mean slope of change in eGFR (mL/min/1.73 m?) from baseline was slope was -1.25 +
0.11 mL/min/1.73 m? per year in the empagliflozin group and -2.62 + 0.11 mL/min/1.73 m? per year
in the placebo group. The estimated between-group difference in mean slope was 1.36 + 0.30
mL/min/1.73 m? per year. Figure 6 shows an initial drop in eGFR seen at the start of the treatment
with empagliflozin and the company states this is a reversible functional change in intrarenal
haemodynamics commonly observed with SGLT2 inhibitors and is not associated with an excess risk
of acute kidney injury. After the initial drop, the reduction of eGFR in the empagliflozin group is
slower than that in the placebo group. After 124 weeks, the groups reached parity in eGFR, and from
148 weeks a benefit can be seen for empagliflozin. The clinical experts advising the EAG agreed with
the company’s assessment of the long-term benefit of empagliflozin for change in eGFR. They
indicated longer treatment data would better support the conclusion but also were aware that

dapagliflozin, an SGLT2 inhibitor, has been recommended as an option for treating chronic kidney
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disease (CKD). The EMPA-KIDNEY trial for empagliflozin in people with CKD has been stopped early.

A company press release indicates this was due to “clear positive efficacy.”?

A further analysis was undertaken in the RS. The adjusted mean eGFR change from baseline to
follow-up was 2.4 (1.6, 3.2) mL/min/1.73m? per year for empagliflozin versus placebo. This would

appear to be a larger effect that that seen using the “on-treatment” data.

This outcome was not used in the economic model. The renal input considered for the economic

model was the time composite renal outcome and this is discussed in Section 3.2.8.4.

Figure 6. Change in the estimated glomerular filtration rate, based on the TS and measurements up
to one day after the last intake of study medication (reproduced from CS, Figure 9)
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3.2.8.4 Time to composite renal outcome

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/1.73 m? for patients with baseline eGFR 230 mL/min/1.73 m?, or
sustained eGFR <10 mL/min/1.73 m? for patients with baseline eGFR <30 mL/min/1.73 m2. The risk

of the composite renal endpoint was similar between the empagliflozin and the placebo treatment

L https://investor.lilly.com/news-releases/news-release-details/jardiancer-phase-iii-empa-kidney-trial-will-
stop-early-due-clear
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groups (HR 0.95; 95% Cl: 0.73 to 1.24, p<0.001). The analysis was undertaken using a Cox regression
model including covariates age, baseline eGFR (CKD-EPl)cr, region, baseline diabetes status, sex,

baseline EF, and treatment.

This composite renal outcome was not used in the economic model for this submission but it was
used by the company in a prior submission for empagliflozin in the HFrEF population.® The EAG
queried the omission at the clarification stage and the company response stated that in the
EMPEROR-Reduced trial* there was a statistically significant benefit in this outcome and in
EMPEROR-Preserved there was only a numerical benefit. Therefore, the company decided to take a
conservative approach and not include the outcome in the economic model for this submission.
They also stated that including the composite renal outcome would not affect the cost-effectiveness
results as the impact of safety is largely reflected by the inclusion of adverse events, for which the

impact is minimal.

3.2.8.5 Time to first adjudicated HHF

Statistically Significantly fewer people experienced the event of first adjudicated HHF in the
empagliflozin group (259 of 2,997, 8.6%) compared to the placebo group (352 of 2,991, 11.8%).
Figure 7 is the estimated cumulative incidence of the first adjudicated HHF, considering all-cause
mortality as a competing risk. The risk of adjudicated HHF was significantly reduced with
empagliflozin treatment versus placebo (HR 0.71; 95% Cl: 0.60 to 0.83). The analysis was undertaken
using a Cox regression model including covariates age, baseline eGFR (CKD-EPl)cr, region, baseline

diabetes status, sex, baseline EF, and treatment. This outcome was not used in the economic model.

BM) TAG PAGE 52



Figure 7. Time to the first adjudicated HHF (reproduced from CS, Figure 11)
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3.2.8.6  All-cause mortality

The Kaplan-Meier estimate of time to all-cause mortality in the RS is shown in Figure 8. Death from
any cause occurred in 422 patients (14.1%) in the empagliflozin group and 427 patients (14.3%) in
the placebo group. Cox regression of time to all-cause mortality data for all randomised patients did
not show a difference between treatment groups (HR 1.00; 95% Cl: 0.87 to 1.15). All-cause mortality

was used by the company as an input in the economic model.
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Figure 8. Kaplan-Meier estimate of time to all-cause mortality in all randomised patients

(reproduced from CS, Figure 12)
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The EAG requested all-cause mortality data in three LVEF subgroups at clarification to assess the

effectiveness of empagliflozin across three LVEF subgroups. This is presented in Table 20 below. A

_ for empagliflozin was found for the LVEF 50% to <60% subgroup and a _
for placebo in the LVEF 260% subgroup. There was a _ between empagliflozin
and placebo in the LVEF 40% to <50%. This should be interpreted with caution as the study was not

powered to detect a significant difference between treatments in smaller subgroups. The EAG also

notes there is no linear relationship between LVEF and overall mortality across the subgroups.

Table 20. Outcome data for all-cause mortality by left ventricular ejection fraction (randomised set)

Empagliflozin 10 mg Placebo Hazard ratio (95% Cl)
N with event/N analysed | N with event/N analysed

Overall mortality

LVEF 40% to <50% [ ]
LVEF 50% to <60% [ ]
LVEF 260% [
Abbreviations:
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3.2.8.7 Cardiovascular mortality

Most of the deaths recorded during the study were CV-related, due to sudden cardiac death or HF.
Adjudicated CV death occurred in 219 people (7.3%) in the empagliflozin group and 244 people
(8.2%) in the placebo group. There was a reduced risk of CV death in the empagliflozin relative to
placebo (HR 0.91; 95% Cl: 0.76 to 1.09) but it was not statistically significant. Figure 9 is the
cumulative incidence of adjudicated CV death in the RS, considering non-CV death as a competing

risk. The company used this outcome as an input in the economic model.

Figure 9. Cardiovascular death (reproduced from CS, Figure 13)
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The EAG requested CV mortality data in three LVEF subgroups at the clarification stage. This is
presented in Table 21 below. A _ for empagliflozin was found for the LVEF 40% to <50%
and LVEF 50% to <60% subgroups. There was - between empagliflozin and placebo in the
LVEF 260% group. This should be interpreted with caution as the study was not powered to detect

significant differences between treatments in smaller subgroups.

Table 21. Outcome data for CV mortality by left ventricular ejection fraction (randomised set)

Empagliflozin 10 mg Placebo Hazard ratio (95% Cl)
N with event/N analysed | N with event/N analysed

CV mortality
LVEF 40% to <50% [ [ ] ]
LVEF 50% to <60% [ ] [ ] ]
LVEF 260% [ [ I
Abbreviations:
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3.2.8.8 Time to onset of diabetes mellitus (DM) in patients with pre-DM

The onset of diabetes mellitus (DM) in people with pre-DM occurred in 120 of 1,001 people in the
empagliflozin group (12.0%) and 137 of 979 people (14.0%) in the placebo group. There was a
reduction in risk of the onset of DM with empagliflozin compared to placebo but it was not
statistically significant (HR 0.84; 95% Cl: 0.65 to 1.07). The company did not use this outcome as an

input in the economic model.

3.2.8.9 First and recurrent all-cause hospitalisation

All-cause hospitalisation occurred in 42.4% (1,271/2,997) of people in the empagliflozin group and
44.8% (1,340/2,991) in the placebo group. The risk of recurrent all-cause hospitalisation was reduced
with empagliflozin treatment compared to placebo, but it was a small reduction and did not reach
statistical significance (HR 0.93; 95% Cl: 0.85 to 1.01). The analysis used a joint frailty model that
accounted for the dependence between recurrent all-cause hospitalisation and all-cause mortality. A
Cox regression of first all-cause hospitalisation showed a small but statistically significant reduction
(2.33%) in risk of with empagliflozin compared to placebo (HR 0.92; 95% Cl: 0.85 to 0.99). The

company did not use these outcomes as inputs in the economic model.

3.2.8.10 Kansas City Cardiomyopathy Questionnaire (KCCQ) score

The KCCQ asks questions on the frequency and severity of symptoms, the physical and social
limitations associated with those symptoms, and persons’ perceptions of the impact of their
symptoms and function on their quality of life. It is scored on a 0-100 scale and higher values
indicate a better health status. A 5-point change in the KCCQ score is commonly considered to be a

clinically significant difference in health status in people with HF.*®

The company reports the KCCQ overall summary score (0SS), total symptom score (TSS), and clinical
summary score (CSS). The TSS quantifies the symptom frequency and severity, CSS includes the TSS,

and the physical function domain, and OSS includes the TSS, CSS, quality of life, and social function.

In the CS, the company reported the KCCQ score change from baseline in the TS using per-protocol
analysis at week 52. This is reported in Table 22 below and all three scores, CSS, 0SS, and TSS, show
a small but statistically significant benefit for empagliflozin versus placebo. None of the point
estimates attained a 5-point change in the KCCQ score which is commonly considered to represent a

clinically meaningful difference in health status. However, as highlighted in Table 32 in Section
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4.2.6.2, 10% of people had an increase of 23.4 in KCCQ-CSS at 12 weeks and 10% of people had a
decrease of 12 in KCCQ-CSS at 12 weeks. This is an indication that empagliflozin offers a large benefit

in KCCQ-CSS for many people in this the HFmrEF and HFpEF population.

Table 22. KCCQ score at 52 weeks (adapted from CS, Table 22)

m Empagliflozin (N=2,997) Placebo (N=2,991)

QoL measured by KCCQ at 52 weeks, TS

Change in clinical summary score

4.5120.31 1840.31
at 52 weeks (+SE) 51:0.3 3.18+0.3

Adjusted mean change from

baseline (35% Ci) 1.32 (0.45 t0 2.19)

Nominal p-value 0.0028

Change in overall summary score

0320. 66£0.31
at 52 weeks (+SE) 5.03£0.30 3.66£0.3

Adjusted mean change from

bassline (35% Ci) 1.37 (0.52 to 2.21)

Nominal p-value 0.0015

Change in total symptom score at

52 weeks (+SE) 5.89£0.34 3.95£0.34

Adjusted mean change from

baseline (95% Cl) 1.94 (1.01t0 2.88)

Nominal p-value <0.0001

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 (TS) and using on-

treatment values only.
The KCCQ-CSS score at weeks 12; 32; and 52 outcomes were utilised as inputs in the economic
model. The company indicated missing values from visits were imputed using the last-observation-
carried-forward (LOCF) method. As stated in Section 3.2.4, the EAG is concerned data were imputed
under the assumption that data were missing at random. The EAG is unclear how much data were
imputed for each timepoint and for how long observations were carried forward. KCCQ was
measured at _, _, _, _, and - It is unclear
if, for example, KCCQ scores measured at _ were carried forward through LOCF to visit
_. Details of how much evidence were imputed at each timepoint and from what

timepoint the imputed evidence came would help resolve this concern.

At the clarification stage, the KCCQ-CSS data was requested, with and without imputation, at all time

points where it was collected. The company response is presented below in Table 23.
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The company provided the KCCQ-CSS outcome at 12 weeks, 32, weeks, and 52 weeks with
imputation and without imputation. The imputation did _ the mean difference between
treatment groups, but where a difference is seen, - the empagliflozin group. The EAG is
concerned that the company reported an identical number of people in the dataset with imputation
and the dataset of people without imputation. This means it is not clear from the response how
much data were imputed for these calculations. Table 16 indicates that - people in the
empagliflozin group and - people in the placebo group were being followed at 52 weeks and
Table 23 indicates KCCQ data of. people in the empagliflozin group and . people in the placebo
group were collected. Therefore, it would appear that data were imputed for - people missing
KCCQ data in the empagliflozin group and - people missing KCCQ data in the placebo group.
Analyses using LOCF are of questionable veracity® due to the data missing at random assumption,
and the analysis at 52 weeks appears to impute at least - of the values in each treatment group.
For this reason, the EAG considers the data without imputation to be a truer estimate of the

treatment effect.

The company also provided what are stated to be EOT results in the clarification response,
reproduced below in Table 23. The EAG understands EOT measurements to be taken in all people
who were being observed when the study ended. People who prematurely discontinued trial
medication performed the EOT visit and the follow-up visit, and then continued with scheduled visits

until the trial was stopped.

2997 participants were randomised to the empagliflozin group and 422 of the group died during the
study and could not provide EOT measurements. The CONSORT diagram (Figure 6, in the CS)
indicates 84 had incomplete follow-up for the primary endpoint and this gives an indication of how
many people were lost to EOT follow-up. Therefore, EOT outcome data could be expected in the
remaining 2491 participants in the study, but the company response only included data for.
participants in the empagliflozin group. There is a similar discrepancy in the EOT reporting in the

placebo treatment group.

In addition to the unclear reporting stated above, a footnote in Table 23 states ”_

|
_.” This implies no KCCQ data was collected after 52 weeks but this is not in line

with the Outcomes trial flow chart in the CSR (Table 9.5.1).
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The EAG does not consider the EOT results reported by the company to be interpretable due to
uncertainty on whose data is being reported and at what time point this occurred. The EAG agrees
with the company’s clarification response that stated using this data in the economic model would

lead to biased results.

Table 23: KCCQ score with and without imputation (adapted from clarification response)

Timepoint with/without imputation _mmm

Without imputation

Without imputation

Empagliflozin 10mg
Change from baseline to EOT

Empagliflozin 10mg Change from baseline to week | | | [

Placebo 12 | | | |

With imputation

Empaglifiozin 10mg Change from baseline to week | | [

Placebo 12 | H [ [

Without imputation

Empagliflozin 10mg Change from baseline to week | | [

Placebo 32 | [ [ [

With imputation

Empaglifiozin 10mg Change from baseline to week | | [

Placebo 32 | H [ [

Without imputation

Empagliflozin 10mg Change from baseline to week | | [

Placebo 52 | [ [ [

With imputation

Empaglifiozin 10mg Change from baseline to week |l | | [

Placebo 52 | [ | |
| | | |
| | | |

Placebo
No imputation was performed for data at the EOT timepoint
Empagliflozin 10mg

Change from baseline to EOT
Placebo

Abbreviations: EOT change from baseline is presented, which is the last visit (up to week 52) where the patient had an
observation and is the same in the imputed and non-imputed datasets.

The EAG requested KCCQ-CSS data, at 52 weeks and EOT, in three LVEF subgroups at clarification.
This is presented in Table 24 below. At 52 weeks, the study found a _ of empagliflozin in
all 3 subgroups but it was only _ in the LVEF 50% to <60% group. In the LVEF 260%

subgroup, the effect size was _ with 95% confidence intervals indicating a _

about the effect.
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The EOT results indicate a _ for empagliflozin in all 3 subgroups and it was
B i oo of these; LVEF 40% to <50% and LVEF 50% to <60%. In the LVEF 260%
subgroup, the benefit was -I and the effect size was _ with 95% confidence intervals
indicating _ about the effect. This should be interpreted with caution as the study was

not powered to detect significant differences between treatments in smaller subgroups.

Table 24. Outcome data for KCCQ-CSS scores by left ventricular ejection fraction (randomised set)

Empagliflozin 10 mg Placebo Hazard ratio (95% Cl)
N with event/N analysed | N with event/N analysed

KCCQ-CSS at 0-52 weeks

LVEF 40% to <50% [ [
LVEF 50% to <60% [ [
LVEF 260% [ ] [
KCCQ-CSS at baseline to end of treatment visit

LVEF 40% to <50% [ [
LVEF 50% to <60% [ [
LVEF 260% [ [
Abbreviations:

3.2.8.11 Further exploratory secondary endpoints

“Further exploratory secondary endpoints” are reported in the CS and reproduced below in Table
25. The EAG notes a _ of people in the empagliflozin group had a myocardial infarction
(M1), and similarly, a slightly _ had a stroke. These were not _ results
and the variation between groups was small. The clinical experts advising the EAG indicated that
they were not aware of any biological reason to link these adverse outcomes to treatment with
empagliflozin. They also noted that other trials of SGLT2 inhibitors, including those of empagliflozin,
had not found a relative increase in the occurrence of Ml or stroke. The outcomes are not used in

the economic model.

Table 25. Summary of further exploratory secondary endpoints from EMPEROR-Preserved study

(adapted from Table 22 in the CS)
Empagliflozin (N=2,997) Placebo (N=2,991)

Time to adjudicated MI (fatal or non-fatal), RS

Patients with MI, N (%) ] ]
Incidence rate per 100 years at

risk - -
HR vs placebo (95% Cl) [ ]
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m Empagliflozin (N=2,997) Placebo (N=2,991)

Nominal p-value

Time to adjudicated stroke (fatal or non-fatal), RS

Patients with stroke, N (%) [ [ ]
Ischaemic ] ]
Haemorrhagic [ [ ]
Unclassified [ [
Incidence rat r1 rs at

riSckde ce rate per 100 years a . .

HR vs placebo (95% Cl) [ ]

Nominal p-value -

Patients with fatal stroke ] ]
Time to new onset of Afib, as ECG finding or as AE, RS

Z}f\"::gzs nlzzf)ut baseline or history . .
Patients with new onset of Afib, N

(%) I ]
Incidence r r1 r

riSckde ce rate per 100 years at N N

HR vs placebo (95% Cl) [ ]

Nominal p-value [ |

Blood pressure (mm Hg) changes from baseline to week 52 (mm Hg), RS

Systolic blood pressure change 18403 -0.640.3
(£SE)

Adjusted mean difference (95% 1.2 (-2110-0.3)

Cl)

p-value 0.01

Diastolic blood pressure change -0.940.2 0.740.2
(£SE)

Adjusted mean difference (95% 0.2 (-07100.3)

Cl)

p-value 0.46

HbA1c (%) change from baseline to week 52, RS patients with diabetes

Cgiﬁitff (ngr)‘ change from -0.16£0.02 -0.030.02
é?)justed mean difference (95% 1019 (:0.25 to -0.14)

p-value <0.0001

Body weight (kg) change from baseline to week 52, RS

Adjusted mean change from -1.3940.09 -0.1140.09

baseline (+SE)
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m Empaglifiozin (N=2,997) Placebo (N=2,991)

. H 0,
é(lj)Justed mean difference (95% -1.28 (-1.54 to -1.03)

p-value <0.0001
Haematocrit (%) change from baseline to week 52, RS

Adjusted mean change from

1.94+0.07 -0.41£0.07
baseline (+SE) 94£0.0 0.41£0.0

Adjusted mean difference (95%
Cl)

p-value <0.0001

2.36 (2.17 to 2.54)

NT-proBNP (pg/mL) change from baseline to week 52, RS

Adjusted median change from

baseline (IQR) -29 (-335 0 263) -9 (-286 to 322)
Adjusted geometric mean ratio 0.95 (0.91t0 0.99)
p-value 0.01

Uric acid (mg/dL) change from baseline to week 52, RS

Adjusted mean change from

- + _ +
baseline (+SE) 0.90£0.03 0.10+0.03

Adjusted mean difference (95%
Cl)

p-value <0.0001

-0.80 (-0.88 t0 -0.72)

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

Note: Plus-minus values are means + SE

3.2.8.12 Adverse events

Median exposure to study medication was approximately 23 months in both treatment groups, with
84% of patients treated for at least 1 year. An overall summary of adverse events (AEs), taken from
the CS, is presented in Table 26 below. This indicated numbers of serious adverse events (SAEs) were
similar between groups and the most frequent were cardiac failure, atrial fibrillation, pneumonia,
and acute kidney injury. All other SAE were reported in fewer than 3.0% of participants per
treatment group. 19.1% of people in the empagliflozin group and 18.4% of people in the placebo
group had an AE leading to discontinuation of study medication. The EAG is assured by the similar

proportions discontinuing in each treatment group.

Table 26. Overall summary of AE in the TS (reproduced from CS, Table 23)

Category of AE Empagliflozin 10 mg, N (%) Placebo, N (%)

Number of patients in the TS, N 2,996 (100.0) 2,989 (100.0)
(%)

BM) TAG once 62



Category of AE Empagliflozin 10 mg, N (%) Placebo, N (%)

Patients with any AE 2,574 (85.9) 2,585 (86.5)
Mild [ I
Moderate [ I
Severe ] ]
'I:I\E/estlgator defined drug-related I .

AE leading to discontinuation of 571 (19.1) 551 (18.4)
study medication

Serious AE 1,436 (47.9) 1,543 (51.6)
Serious AE

Resulting in death
Life threatening

Persistent or significant
disability/incapacity

Requires or prolongs
hospitalisation

Congenital anomaly or birth defect

Other medically important serious
event?

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.

a0ther medically important serious event was defined as any important medical event (when based upon appropriate
medical judgement) 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.

Source: EMPEROR-Preserved CSR, Table 15.3.1.1 (139)

3.2.8.13 PULSE

The company used the PULSE study to validate the event rates projected by the model, this is
reproduced from the CS in Table 27 below. The model-predicted rates of CV mortality and HF
hospitalisation were _ than that seen in PULSE and the EAG requested an explanation at

the clarification stage.

The company explained that this was likely due to the inaccurate recording of events in PULSE rather
than a challenge to the validity of EMPEROR-Preserved data and/or the model. PULSE gathered ‘real-
world’ data and in EMPEROR-Preserved outcomes were adjudicated by Committee according to a
strict protocol. The company argued that HHF and CV mortality would be under-reported in PULSE

because general physicians and other specialists may not recognise the symptoms of acute HF. This
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would not have occurred in EMPEROR-Preserved where the outcomes were adjudicated and the
study protocol was prepared to ensure these were correctly identified. The company also stated that
73% of people in PULSE had "unknown" EF which will have included a number with HFmrEF/HFpEF.
Correct categorisation of this group would have provided HHF and CV-mortality outcome data that

was a more accurate reflection of the HFmrEF/HFpEF population.

Table 27. Model-predicted vs observed rates per 100 patient-years in PULSE (reproduced from CS,
Table 48)

Characteristics PULSE SoC (Events per 100 Model simulation Pulse -
patient-years) Placebo (60 months) (Events

per 100 patient-years)
Non-CV mortality
CV mortality

All-cause mortality

HF hospitalisation

Abbreviations:

3.3 Conclusions of the clinical effectiveness section

The company presented an accurate introduction detailing the signs, symptoms, and underlying
pathologies of people diagnosed with HF. There were a number of additional clinical factors the
EAG’s experts noted. After diagnosis, many people stay in the same LVEF category, though a
person’s LVEF can improve due to HF treatment. They also stated that, compared to people with
HFrEF, people with HFmrEF/HFpEF are a more heterogenous pathophysiological group and do not
have a set of underlying conditions that are treated with the same drugs. Therefore, treatment
options for this patient population are severely limited and, as such, there is an unmet need for an

effective treatment to be made available.

The company’s submission addressed the decision problem stated in the final scope issued by NICE.
The EAG considers the literature searches conducted for the SLR to be adequate to find all studies
relevant to the decision problem. However, there were 18 studies stated to be included in the SLR
but only the EMPEROR-Preserved trial was presented. Thus, 17 studies were effectively excluded
without any reasoning given for this exclusion. One study, EMPERIAL-Preserved, was an investigation
into empagliflozin in the HFmrEF/HFpEF population and investigated relevant outcomes such as
KCCQ scores and safety. This was a 3-month study and should have been presented in this

submission.
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The ERG considers EMPEROR-Preserved, the key study informing the clinical effectiveness of
empagliflozin, to be a well-designed and well-conducted RCT, with an overall low risk of bias and
high internal validity. The eligibility criteria for the study were in line with the decision problem. The
EAG noted people who were previously measured to have an LVEF <40% were excluded from the
study and this was a conservative decision as inclusion of this population would have biased the

results in favour of empagliflozin.

The EAG’s clinical experts commented that the trial participants in EMPEROR-Preserved are broadly
representative of people with HFmrEF/HFpEF seen in England and Wales. The experts noted that
the people recruited to the trial had a mean age of 72 years old and this is younger than the people
in their practice who are more often in their 80s. Also, the proportion of people with HFmrEF/HFpEF
and hypertension or T2DM would be slightly lower in the England and Wales population than were

present in the study.

The study groups were well-balanced for background medications. The EAG’s clinical experts
commented that the baseline medications reflected the people recruited to the study. For example,
a slightly higher proportion of people with hypertension participating in the trial led to different
baseline medications. People with hypertension can be treated with ACEI and beta-blockers, and
consequently the number of people using ACEl and beta-blockers might be slightly lower in clinical
practice. In each group, - of people were treated with - - does not have marketing
authorisation for use in people with HFmrEF/HFpEF in the UK but it does have marketing

authorisation in the HFmrEF population in the USA.

Discontinuations for reasons other than death were 23.2% in the empagliflozin group and 23.4 % in
the placebo group. Discontinuations were lower in the EMPEROR-Reduced trial of empagliflozin in
the HFrEF population and the company indicated the higher proportions in EMPEROR-Preserved
were due to the higher age of the population recruited and that the HFmrEF/HFpEF population is
more comorbid. They also commented that EMPEROR-Preserved was a longer trial with a median

treatment period of 26 months as compared to 16 months in EMPEROR-Reduced.

The analysis used to account for missing data utilised several different methods including the
multiple imputations framework, multivariate Cox regression models, and last observation carried
forward (LOCF). All three techniques share the same assumption that data are missing at random

and impute data points that reflect the data that was collected. The EAG is concerned the
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assumption does not account for participants who withdrew from the study due to the
ineffectiveness of the intervention. The EAG considers unadjusted data to be a truer reflection of the

treatment effect than data with imputed values that make the missing at random assumption.

The primary composite outcome of CV death or HHF demonstrated a statistically significant benefit
for empagliflozin compared to placebo (p<0.001). The EAG notes from the plots for the individual
outcomes of CV death and HHF, that the benefit for empagliflozin appears to be predominantly
driven by fewer HHF events than placebo. This primary outcome was not used in the economic

model although its composite parts were.

Empagliflozin had a statistically significant benefit for total HHF (first and recurrent) in the primary
analysis (p<0.001) and five sensitivity analyses. There was no significant difference between
empagliflozin and placebo for CV mortality or all-cause mortality (p=0.3 and p=0. 0.9893,
respectively) and both are included in the company’s base case economic model. There was no
significant difference between empagliflozin and placebo for the time to the composite renal
outcome (p=0.7243). This outcome was not used in the economic model and the company indicated
renal outcomes are adequately incorporated into the model through adverse events data and that
the effect of using the outcome in the model would be negligible as there was a numerical benefit

for the empagliflozin group.

The KCCQ-CSS score was the clinical outcome that captured disease severity and progression. It was
measured at weeks 12; 32; 52; and EOT. In the CS, the company reported a statistically significant for
empagliflozin over placebo in KCCQ-TSS, KCCQ-CSS, and KCCQ-0SS scores at 52 weeks (p<0.0001,
p<0.0001, p<0.0001, respectively). However, none of the outcomes reached a 5-point change in the
KCCQ score that is commonly considered to be a clinically significant difference in health status in

people with HF.

The data at weeks 12; 32; 52 was used in the economic model and the company accounted for
missing data by using LOCF. This technique assumes data are missing at random and the EAG do not
agree that this is a reasonable assumption as people will have left the study due to the
ineffectiveness of treatment. The company provided unadjusted data at the clarification stage and
this was similar to the to the adjusted data. However, in all cases where the adjusted data varied
from the unadjusted data, it showed an increased comparative benefit for empagliflozin. The EAG

considers the unadjusted data to be a less biased reflection of the outcome.
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The adverse events outcome was reported in the treated set (TS) and were similar between
treatment groups. Serious adverse events were experienced by 51.6% of participants in the placebo
group and 47.9% of people in the empagliflozin group. One category where there was some
variation between treatment groups was investigator-defined drug-related AE and they were

experienced by - in the empagliflozin group and - in the placebo group.

The company used the PULSE study to validate the event rates projected by the model. The model-
predicted rates of CV mortality and HF hospitalisation were notably higher than that seen in PULSE.
The company argued that HHF and CV mortality would be under-reported in PULSE because general
physicians and other specialists may not recognise the symptoms of acute HF. The company also
argued that most of the people in PULSE had unknown LVEF and this may have led to less

representative HF groups defined by LVEF.
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4  Cost effectiveness

Empagliflozin is currently recommended for the treatment of chronic heart failure with reduced
ejection fraction (HFrEF) in the NHS (NICE appraisal TA773). The company’s approach to the present
submission was to use the same cost utility model, however, utilizing the pivotal EMPEROR-
Preserved trial instead of EMPEROR-Reduced as the main source of clinical evidence to inform the

economic model.

The company’s approach also relied on testing what it considered to be the key uncertainties in the
economic evidence identified by the EAG in TA773: whether the cost utility model accurately
predicted the rate of deaths; hospitalisations; and treatment discontinuation compared to the rate

observed in EMPEROR-Reduced (and in this case EMPEROR-Preserved).

Nonetheless, the EAG notes that in TA773 the committee focused on the comparison of
empagliflozin with dapagliflozin, whereas the relevant comparator for the current submission is
standard of care (SoC). Furthermore, the former appraisal relied on the company’s Butcher indirect
treatment comparison, while the latter relies on different statistical methods. Therefore, the EAG
report provides a description of the company’s approach in its entirety, along with its
appropriateness in the population with chronic HF with mildly reduced LVEF (HFmrEF) and chronic

HF with preserved LVEF (HFpEF), hereafter referred to as (HFmrEF/HFpEF.

chronic heart failure with preserved ejection fraction (HFpEF), and only draws comparisons to TA733

where relevant to the discussion.

4.1 EAG comment on the company’s review of cost effectiveness evidence

The company conducted a systematic literature review (SLR) to identify existing economic
evaluations for the treatment of chronic HFmrEF/HFpEF. The company used the same SLR protocol
as that described in TA733, with the difference that only studies for patients with an EF<40% were
included in the PRISMA diagram. Full details of the process and methods used are described in

Appendix G of the CS.

In summary, following the abstract and full-text screening process, no relevant studies were

identified for inclusion in the SLR and therefore no quality assessment was conducted.
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The SLR of cost-effectiveness studies, described in Appendix G, did not identify any suitable
economic evaluations in the chronic HF with EF >40% population. Therefore, the cost-effectiveness
model for economic evaluation of empagliflozin + SoC for chronic HF patients with EF >40% builds on
the modelling approach previously accepted by the NICE committee for empagliflozin + SoC for
patients with EF <40% (TA773) and the economic model submitted for dapagliflozin in HFrEF to NICE,

which the EAG considers appropriate.

4.2 Summary and critique of company’s submitted economic evaluation by the EAG

4.2.1  NICE reference case checklist

Table 28 summarises the EAG’s appraisal of the company’s economic evaluation against the
requirements set out in the NICE reference case checklist for the base-case analysis, with reference

to the NICE final scope outlined in Section 2.

Table 28. NICE reference case checklist

Element of health technology Reference case EAG comment on company’s
assessment submission

Perspective on outcomes All direct health effects, whether Yes.
for patients or, when relevant,
carers
Perspective on costs NHS and PSS Yes.
Type of economic evaluation Cost—utility analysis with fully Yes.

incremental analysis

Time horizon Long enough to reflect all Yes.
important differences in costs or
outcomes between the
technologies being compared

Synthesis of evidence on health Based on systematic review Yes.
effects

Measuring and valuing health Health effects should be Yes.
effects expressed in QALYs. The EQ-5D

is the preferred measure of health-
related quality of life in adults.

Source of data for measurement of Reported directly by patients Yes.
health-related quality of life and/or carers

Source of preference data for Representative sample of the UK Yes.
valuation of changes in health- population

related quality of life

Equity considerations An additional QALY has the same  Yes.
weight regardless of the other
characteristics of the individuals
receiving the health benefit

BMJ TAG

PAGE 69



Evidence on resource use and Costs should relate to NHS and Yes.
costs PSS resources and should be

valued using the prices relevant to

the NHS and PSS

Discounting The same annual rate for both Yes.
costs and health effects (currently
3.5%)

Abbreviations: EAG, evidence review group; NHS, national health service; PSS, personal social services; QALY, quality
adjusted life year

4.2.2 Population

The population in the base case economic model consists of the ITT population from EMPEROR-

Preserved, which included adults with chronic HFmrEF/HFpEF, with or without diabetes.

Clinical expert opinion provided to the EAG was that the HFmrEF/HFpEF population in the UK is on
average older than that in EMPEROR-Preserved (80 years vs 72 years at baseline) and presents with
considerable comorbidities. During clarification, the EAG requested that the company undertook a
scenario in the model where the baseline age for the UK population was reflected. This scenario had

a negligible impact on the final ICER.

4.2.3 Interventions and comparators

The intervention included in the economic model was empagliflozin formulated as a 10 mg tablet
taken once a day, in addition to SoC. For simplicity, hereafter, the EAG refers to the intervention as

empagliflozin.

SoC was modelled as a basket of drugs used in first-line heart failure care. The assumed proportions
of each drug used in SoC is given in Table 29. The clinical experts advising the EAG agreed with the
drugs included in the company’s basket of SoC treatments, with the exception of the use of
angiotensin receptor-neprilysin inhibitors (ARNis), which the clinical experts indicated would not be
used in UK clinical practice for HFmrEF/HFpEF patients. The experts also indicated that the
proportion of loop or high ceiling diuretics used in the UK is higher at 80%. During clarification, the
company conducted a scenario analysis in the model to reflect the EAG’s clinical experts’ views and

the impact on the final ICER was negligible.
Table 29 — Composition of Standard of Care

Drug category Proportion in ITT population

ACEi 40%
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ARB 39%

ARNi 2%
MRA 37%
Beta blocker 86%
Loop or high ceiling diuretics 68%

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin
receptor-neprilysin inhibitor; BB, beta-blockers; MRA, mineralocorticoid receptor antagonist; SGLT2i, sodium-glucose co-
transporter-2 inhibitor

4.2.4 Modelling approach and model structure

The company developed a cohort state-transition model with five health states (Figure 10). The four
KCCQ-CSS health states represent the different levels of disease severity experienced by patients.
KCCQ-CSS quartiles 1 to 4 correspond to KCCQ-CSS scores of 0 to <_
_, respectively, with higher scores corresponding to
a better health status. Patients can transition to a higher or lower KCCQ-CSS quartile; remain in the
same state; or die. Patients can have a CV-related death or a non-CV death. In each of the KCCQ-CSS
states, patients have a probability of experiencing a hospitalisation for to heart failure (HHF); or a

treatment-related adverse event (AE).

The company’s model structure allows for the estimation of the relationship between disease
progression (measured through movements in the KCCQ-CSS states) on outcomes such as HHF;
survival; quality of life; and time on treatment. This was done by introducing different KCCQ-CSS
state predictors for each quartile in the HHF; survival; quality of life; and time on treatment risk
equations. Therefore, every time a patient moves KCCQ-CSS states in the model, their probability of
HHF or death, and their quality of life also changes. This generates indirect benefits associated with
empagliflozin (in addition to direct benefits for some of these outcomes), as patients on
empagliflozin have a higher probability of moving to the better KCCQ-CSS states. This is further
discussed throughout Section 4.2.6; and Section 4.2.8.

Patients can discontinue treatment with empagliflozin at any cycle. After discontinuation, patients in

the model were assumed to receive SoC until dead.
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Figure 10. Company’s model structure
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4.2.4.1 EAG critique

The company’s justification for the choice of thresholds for the KCCQ-CSS states in the model was
that these included an adequate number of patients in each category to permit statistically robust
analysis and predicting patient outcomes, when compared to other choices of quartiles. Overall, the
EAG is satisfied with the company’s choice of KCCQ-CSS states in the model and notes that these are

broadly similar to the ones used in TA773.

The company’s model did not include renal outcomes, whereas the model used in in TA773 included
these. When asked to justify their choice during clarification, the company stated that empagliflozin
did not show a statistically significant effect on renal events in EMPEROR-Preserved (hazard ratio of
0.95 with 95% confidence interval of 0.73 to 1.24), whereas in the EMPEROR-Reduced trial this
outcome was statistically significant. Given that the inclusion of renal outcomes had a small effect in
the cost-effectiveness results in TA773, the EAG considers the company’s approach for this STA to be

appropriate.

4.2.5 Perspective, time horizon and discounting

A lifetime horizon was adopted in the model and time was discretised into monthly cycles with a

half-cycle correction applied. The analysis was carried out from an NHS and Personal Social Services
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(PSS) perspective. Costs and health effects are discounted at an annual rate of 3.5%, in line with the

NICE Reference Case.

The EAG agrees with the lifetime horizon used, and notes that the model adopts a time horizon of 28

years and that patients’ baseline age in the company’s model was 72 years.

4.2.6 Treatment effectiveness

Treatment effectiveness was modelled through patients’ change in KCCQ-CSS state; the rate of HHF;

and mortality. These are discussed in the next sections in detail.

Analyses of overall survival (0S), CV-related mortality and HHF rates (as well as quality of life and
time to treatment discontinuation) involved developing regression equations which included a time-

varying predictor for patients’” KCCQ-CSS state, with or without a treatment group predictor.

4.2.6.1 Transition between KCCQ-CSS states

The company estimated transition probabilities (TPs) between the KCCQ-CSS quartiles from the
KCCQ-trial data between the three periods of trial visits (baseline to week 12, 12—32 and 32-52
weeks) by treatment arm and assessed the TPs for variation over time. The company concluded that
the probability of patients transitioning between KCCQ-CSS states varied across the three time
periods, therefore, decided to have three sets of period-specific TPs in the model in each treatment

arm.

Each of the six derived matrices was then converted to monthly TPs. This yielded six sets of monthly
TPs representing progression in the three periods used in the analysis (reported in Table 28 in the
CS). The transition matrices for the last period (week 32+) were used to predict the changes in KCCQ-
CSS scores for the rest of model time horizon. When patients discontinued treatment with

empagliflozin in the model, the set of TPs used is that of the SoC patients.

The company used the patient KCCQ-CSS scores for the observed cases including data after
treatment discontinuation (OC-AD) population. The company also reported using the last-
observation carried-forward (LOCF) imputation method to deal with missing KCCQ-CSS data over the

first 52 weeks of observations for each patient.

During clarification, the EAG asked the company to justify why the LOCF method was appropriate to

input missing KCCQ-CSS values. The company replied that the mean scores at weeks 12, 32, and 52
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(Table 30) were very close between the imputed and non-imputed datasets, and that the
distribution of KCCQ-CSS score changes from baseline were also similar between the imputed and
non-imputed datasets (Table 8 and Table 9 in company’s response to clarification questions). Given
the similarity between imputed and non-imputed KCCQ-CSS scores, the company decided to use the

LOCF approach in their base case.

Table 30. Comparison of KCCQ-CSS score statistics for imputed and non-imputed data (Randomised
set)

Without imputation Empagliflozin 10mg

Visit N Mean (SD) N Mean (SD)
Baseline [ ] [ [ ] [
Week 12 | I | I
Week 32 | I | I
Week 52 | I | I
Visit N Mean (SD) N Mean (SD)
Baseline || I | I
Week 12 I I I I
Week 32 | I | I
Week 52 | I | I

*The higher number of observations at week 12 is due to records from patients with missing scores at baseline. These
patients contributed data from week 12 onwards and were kept in the analysis.

Abbreviations: KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire - clinical summary score; SD, standard deviation.

4.2.6.2 EAG critique

Overall, the EAG notes that it would have been helpful to have more clarity around the collection
and analyses of KCCQ-CSS data. In their response to clarification, the company reports that, “No data
beyond week 52 were available [and that] EOT [end of treatment] change from baseline is presented,
which is the last visit (up to week 52) where the patient had an observation.” the company also
reports that, “EOT data were available but since EOT varies between different patients, the company
believes that it should not be utilised in the model as this would lead to biased results”. From the

company’s response, the EAG concludes that EOT was defined as any point in time before individual
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patients concluded their 52 weeks of treatment with treatment. Nonetheless, the clinical study
report (CSR) for EMPEROR-Preserved states that, “when a patient permanently discontinued trial
medication or when the required number of events had been reached for the trial, an end-of-
treatment (EOT) visit was performed, followed by a follow-up Visit 30 days later. Patients who
prematurely discontinued trial medication performed the EOT visit and the follow-up visit, and then
continued with scheduled visits (including the second EOT visit) until the trial was stopped”. The CSR
also reports a flow chart with scheduled assessments of efficacy (Table 9.5.1:1), where the end of

trial period is defined as 148 weeks.

The EAG remains unclear if and why KCCQ-CSS data beyond 52 weeks in the model were not
collected. Regardless, the EAG disagrees with the company’s approach to using the LOCF method to
deal with missing data. Even though the EAG agrees with the company’s assessment that the mean
KCCQ-CSS scores at the different time points (and the mean changes from baseline) with and
without imputation are broadly similar, the impact of using the observed values without imputation
in the model is large, increasing the company’s base case ICER from £14,429 to £20,198 per QALY

gained.

Therefore, while the mean KCCQ-CSS might not vary much across the two methods, the TP derived
with the two methods are substantially different, particularly for the week 32 (month 9) onwards
TPs, used throughout the economic model until patients die (Table 31). This is related to the same
observation made by the EAG during TA733, that even though the mean and median changes (and
absolute) KCCQ-CSS values might be relatively small in the trial (and not achieve the clinically
meaningful 5 points), the underlying changes in the clinical scores were much higher on an
individual-patient level. An example of this is provided in Table 32, where even though the mean and
median change from baseline to week 12 in KCCQ-CSS scores was below . the quartiles (or
deciles) of observations show that, for example, 10% of patients in the empagliflozin arm had an
increase in KCCQ-CSS scores of -, while 10% of patients in the same treatment arm had a

decrease of. points, thus “averaging out” mean and median changes.

Importantly, Table 30 shows that the number of observations without imputations is similar across
treatment arms in EMPEROR-Preserved suggesting that the data are well balanced, and that missing
data is likely due to dropouts or deaths. The appropriateness of the LOCF method also relies on the
assumption that the missing observation would produce an identical KCCQ-CSS score from the one

captured in the previous data point. Given that the EAG is unclear when EOT occurred for patients
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with missing data, and the lack of any data to substantiate the fact that the missing observations all
occur in a “plateau” part of the observations, the EAG considers that the more robust approach is to

use observed data without imputation.

Table 31. Transition probabilities with and without imputed data (randomised set)

] With imputation Without imputation

o i [ T L s [seess e

1 I I I I I I

1 2 i i I I i i
3 i i I I i i

4 I I I I I I

1 I I I I I I

2 2 I I I I I I
3 I I I I I I
Empagliflozin 4 I | [ | [ | [ | [
+SoC 1 I I I I I I
3 2 I I I I I I
3 I I I I I I

4 I I I I I I

1 I I I I I I

4 2 I I I I I I
3 I I I I I I

4 I I I I I I

1 I I I I I I

1 2 I I I I | I
3 i i I I i i

4 i i I I i i

1 I I I I I I

2 2 I I I I I I
3 I I I I | |

coc + _ Hm @ m _ _
1 i i I I i i

3 2 I I I I I I
3 I I I I I I

4 I I I I I I

1 I I I I i i

4 2 I I I I I I
3 I I I I I I

4 I I I I i i
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Abbreviations: SoC, standard of care.

Table 32. Changes in KCCQ-CSS scores without imputation (randomised set)

mmnmmmmmm

Empagliflozin

10mg Baseline
Placebo H H B [ H H B [ H BH B

Empagliflozin Change

10mg from
baseline

Placebo to week H H E BE EEE N H EH =
12

*The total number of patients with available observations on KCCQ-CSS data for each time point (i.e., baseline, week 12,32,52 and EOT). No
data beyond week 52 were available. EOT change from baseline is presented, which is the last visit (up to week 52) where the patient had an
observation and is the same in the imputed and non-imputed datasets.

Abbreviations: EOT, end of treatment; KCCQ-CSS, Kansas City Cardiomyopathy Questionnaire - clinical summary score; SD, standard

deviation.
Finally, in TA773, the EAG asked that the company conducted scenario analyses where the effect of
empagliflozin on KCCQ-CSS (sustained by the combination of the proportion of patients in the better
KCCQ-CSS states in the empagliflozin arm at month 8 and the low probability of disease progression
for both SoC and empagliflozin arms in month 9+) was waned over time in the model. The EAG was
worried about the company’s underlying modelling assumption that patients still benefit from
empagliflozin after they discontinue treatment. Given that the there is a higher percentage of
empagliflozin patients in the highest KCCQ-CSS state in the model at month 8, and that the TPs used
in month 9+ of the company’s model assume that all patients (on treatment and off treatment) have
a very small probability of leaving the KCCQ-CSS state they are in at month 8, the benefit associated
with empagliflozin was broadly maintained for patients discontinuing treatment after month 8 of the
model. The company’s assumption that empagliflozin patients experience SoC TPs after
discontinuation is only partially conservative and leads to a sustained relative treatment effect for

patients in KCCQ-CSS 4 in the model over time.

Due to the company’s model structure, this assumption impacts the benefits associated with
empagliflozin on HHF and mortality, as these outcomes are dependent on patients’ distribution

across KCCQ-CSS states.
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For this submission, and to pre-empt the concerns raised previously by the EAG, the company

included the following scenario analysis in the model:

1. Setting the proportion of patients in the KCCQ-CSS quartiles under the empagliflozin arm
equal to those proportions in the placebo arm at 5, 3, 2, and 1 years. The company’s
scenario analysis assumed that after the proportions were set equal between treatment
arms, the TPs respective for each treatment arm would apply.

2. Assuming that the TPs between KCCQ-CSS quartiles for patients on treatment are the same

as those for patients off treatment from month 9 onwards in the model.

The EAG considers that the first scenario lacks clinically plausibility as it just creates an artificial drop
in the empagliflozin arm proportions, so these are the same as in the SoC arm, but then proceeds to
assume the respective TP for each treatment arm. This translates into a scenario where patients
experience a sudden loss of treatment effectiveness in the empagliflozin arm but regain it the next

cycle of the model.

The second scenario provides a more helpful representation of treatment waning, although it is
likely to be overly pessimistic. By assuming that the TPs between KCCQ-CSS quartiles for patients on
treatment are the same as those for patients off treatment from month 9 onwards in the model, the
proportion of patients in each KCCQ-CSS state is the same in the empagliflozin and SoC arms of the
model approximately 4 to 5 years after treatment initiation in the model. This increases the

company’s base case ICER to £32,482.
4.2.6.3 Hospitalisation for heart failure

The company used count data from EMPEROR-Preserved to model the number of HHFs in the
model. There were 541 HHF events observed in the placebo arm and 407 events in the empagliflozin

arm of the trial (including repeated hospitalisations).

The monthly rate of HHF events was estimated using a Poisson model with generalised estimating
equations with an auto-regressive covariance structure to account for correlations between
repeated measures. The company also considered fitting the HHF data with a negative binomial

distribution, however, concluded that the fitting procedure failed when using this distribution.

The final Poisson regression used in the model included two predictors: the time-varying KCCQ-CSS

states; and treatment received. The regression model was fitted to the ITT population (Table 33)

BM) TAG

PAGE 78



from EMPEROR-Preserved. The HHF rates were modelled to be constant in each treatment arm,
respectively, however the company provided alternative scenarios where the rate of hospitalisations
was increased every month. The EAG found a mistake in the coefficients reported in Table 32 of the
CS, hence presents the correct estimates in Table 33. The EAG could not find the corresponding p-

values of the coefficients, and asks that the company provides these.

Table 33. Poisson regression for HHF, ITT population from EMPEROR-Preserved

Covariate ‘ Coefficient p-value

Intercept

Treatment effect Empagliflozin
10 mg (reference placebo)

KCCQ-CSS: (Quartile 2 vs Quartile
1)

KCCQ-CSS: (Quartile 3 vs Quartile
1)

KCCQ-CSS: (Quartile 4 vs Quartile
1)

4.2.6.4 EAG critique

As discussed in the EAG review of the company’s response to technical engagement (TE) of TA773, a
more robust method for estimating HHF in the model would have been to use Kaplan-Meier (KM)
data. This would have allowed the rate of HHF to directly vary in the model and in accordance to the
underlying observed data (as opposed to the assumption of a constant rate) and would also have
allowed first and subsequent hospitalisations to be modelled separately. In this appraisal, the same
issues remain relevant as the company used a Poisson regression, assuming a constant risk of
hospitalisation in the entire model (regardless of the time-varying element of KCCQ-CSS-linked HHF)

and did not differentiate initial and subsequent hospitalisations in the model.

Given that KM data on HHF in EMPEROR-Preserved shows a considerable difference in
empagliflozin’s effect on first and subsequent hospitalisations, during clarification, the EAG asked
that the company used KM data on first and subsequent HHF, respectively, to fit parametric models
and extrapolate the rate of HHF events over time in the model. The EAG suggested that if the
company’s preference was to make HHF dependent on KCCQ-CSS (as was the case in TA773), the
same approach undertaken by the company in TA773 of using, “a counting process setup with start
and stop times to create periods defined by the occurrence of each hospitalisation and/or changes in
KCCQ-CSS quartiles” could be used. This approach would allow a patient to have one record per
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change in KCCQ-CSS and per HHF with start and stop times of the period defined by the time when
these changes occur. The EAG added that regardless of the company’s choice of method to estimate

HHF, first and subsequent hospitalisations should be modelled separately.

As a response to the EAG’s request, the company reported that it conducted an analysis where a
Poisson equation with time as a predictor (question B7) was fitted, however, the results generated a
negative coefficient (suggesting that HHF risk decreases over time), which the company considered
clinically implausible. The company added that the observed pattern was likely attributable to the
declining numbers of patients at risk and the disproportionate influence of events near the end of
follow-up in the trial. Even though the EAG agrees with the company that a declining rate of HHF
over time might not clinically plausible, the EAG notes that a constant rate of hospitalisation is also

not clinically plausible.

Furthermore, the company fitted six distributions (exponential, Weibull, lognormal, log-logistic,
Gompertz, and generalised Gamma) to time to first HHF KM data, with treatment arm as the only
predictor. The company reported that the extrapolated hazard estimates were decreasing or
plateauing hazards, which the company considered clinically implausible, and in agreement with the
Poisson model that included time as a predictor. The EAG notes that it has not seen any measures of
fit (statistical or visual) to the different models used by the company, so it cannot derive any
conclusions on the fit of the models, and the respective underlying hazard. Crucially, the company
only fitted first HHF with parametric models, and did not undertake the same analysis for
subsequent events. The EAG does not understand the company’s decision, and notes that it is
possible that the trend in the risk of subsequent events could have been different (for example,

increasing), which could have added plausibility to the data analysis.

The EAG notes that inthe tri<|

_. The results reported in the EMPEROR-Preserved CSR, not only indicate that
the difference across arms in patients with first events was larger (-) than the difference in the
number of patients with second events (.), but also that it is likely that empagliflozin does not have
a benefit in preventing subsequent hospitalisation events. By considering all events from the trial to
have been first events in the model the company is therefore likely overestimating the benefit of

empagliflozin on reducing HHF events.
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The EAG also notes that second HHF eventa occurred “faster” in relation to first HHF events - out of
those patients with 2 (or more) events, approximately 50% of patients had already experienced a
second event at 3 years after the first event, whereas only about 13% of patients had experienced
their first HHF event at 3 years. Furthermore, time to subsequent HHF _
- in the empagliflozin than in the placebo arm - at 3 years, - of patients in the
empagliflozin arm had experienced a second HHF, while - of placebo patients had experienced a

second event in the placebo arm.

Therefore, the EAG’s view remains that the company’s approach does not appropriately capture the
hospitalisations in EMPEROR-Preserved, both in the assumption of a constant hospitalisation rate,
and in the decision to not separate first and subsequent hospitalisation events. With regards to the
latter, the company considered that time to subsequent hospitalisation analysis broke
randomisation as baseline was redefined as patients having experienced an initial HHF, thus, the
company did not conduct the analysis requested by the EAG. The EAG disagrees with the company’s
rationale, as second HHF are a conditional event on first HHF but are nonetheless part of the natural

disease progression of patients appropriately randomised to the trial.

During clarification the company also provided the number of events observed in EMPEROR-
Preserved compared to those predicted in the model (Table 34). The EAG notes that not only the
absolute number of HHF events in the model are considerably overestimated in relation to the
events observed in the trial for the same period of time, as expected from the company’s
assumption of a constant rate of HFFs in the model, but the overestimation increases as time
progresses in the model. Crucially, even though the observed and predicted differences in events
between empagliflozin and placebo are broadly similar at 26 months and at 3 years (indicating less
uncertainty in the incremental results of the model), the comparison of incremental estimated vs
observed events at the last available time from the trial suggests that the model increasingly

overestimates the benefit associated with empagliflozin.

Therefore, despite the model’s ability to accurately reproduce the number of incremental HHF
observed in the trial up to 3 years, the EAG remains uncertain if HHFs are accurately estimated in the
long-term for the trial population, given the company’s assumption that HHF is constant and the use

of the Poisson model.
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Finally, the company conducted a scenario analysis where the rate of HHF increased every month
(KCCQ-quartile 1= 0.4%, KCCQ-quartile 2= 0.3%, KCCQ-quartile 3= 0.2%, KCCQ-quartile 4= 0.1%),
which resulted in an ICER of £13,86 (lower compared to the base case ICER of £14,429).
Nonetheless, the EAG considers that the company’s scenario to be flawed and lack face validity as it

leads to an even larger overestimation of HHF in the model (Table 35).

The EAG used the company’s scenario analysis to run a scenario where the rates of HHF were
decreased over time. As expected, this increased the ICER, however did not result in a better fitting
model as there was a considerable underestimation of the differential in HHF in the initial part of the
model, when compared to the trial data. This reinforces the EAG’s view that the “true” risk of HHF

varies over time.

The EAG’s conclusion remains that given that time to HHF KM data were available from EMPEROR-
Preserved, the company could have used these data to model time to first and subsequent HHF,
separately. Using the KM HHF data from the trial for first and subsequent events separately would
have allowed the company to fit a parametric survival curve to the data and extrapolate into the
model’s time horizon without having to assume a constant rate of HHF and without having to
assume a constant treatment effect with empagliflozin. The EAG notes that using survival curves

would have still allowed the company to model HHF by KCCQ-CSS state.

Finally, the EAG notes that in TA773, the company included a scenario in the model where the HHF
Poisson model was adjusted by a 0.43 ratio to reflect an overall number of events in the >65 years
population. Reducing the overall number of HFF events in both treatment arms of the model was
deemed one of the key drivers of the model and increased the final ICER. The EAG expects that
decreasing the overall number of HFF in the current model would also lead to an increase in the

company’s base case ICER.
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Table 34. Comparison of total number of HHF observed in the trial and those predicted in the cost-
effectiveness model

EMPEROR-preserved CE model
: P Placebo
Empaglif Placebo Empagliflozin +S0C (For
lozin + . + SoC (For .
+SoC Difference . the Difference

SoC (N= (N=2,091) the equivalent AT

2,997) N=2,997) N= 2,991)
Total number of HHF (first and
subsequent) over 26 months u u u u u u
Total number of HHF (first and
subsequent) over 3 years u u u u u u
Total number of HHF (first and
subsequent) over 3.58 years u u u u u u

Table 35. Comparison of total number of HHF observed in the trial and those predicted in the cost-

effectiveness model in company’s scenario analysis

EMPEROR-preserved

Empagliflo | Placebo
zin+SoC  +SoC
(N=2,997) | (N=2,991)

Total number of HHF (first and
subsequent) over 26 months

Difference

CE model

Empagliflozin
+ SoC (For
the
equivalent N=
2,997)

Placebo

+SoC (For

the Difference
equivalent

N=2,991)

subsequent) over 3.58 years

Total number of HHF (first and
subsequent) over 3 years u L | | [ | [ ]
Total number of HHF (first and . . . . . .

Finally, during clarification, the EAG raised its concern around the company’s decision to exclude age

from the risk equations used to estimate HHFs in the model, considering how the likelihood of HHF

events is very likely to be impacted by patients’ age.

The company replied that the model includes an extended risk equation (as opposed to the reduced

base case equation which only considered treatment arm and KCCQ-CSS quartiles as predictors). The

company added that, “other predictors (including age), that underwent a pre-specified variable
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selection process, were included in the extended equations [...] only if found to be statistically
significant”. The company also described an iterative process for selecting and removing non-

statistically significant variables from the risk equations used in the model.

Overall, the EAG lacks confidence in the company’s process and rationale to selecting the final

variables included in HFF risk equations:

1. The company reports that age was tested as a covariate in the selection process, however,
none of the statistical models reported in the statistical Appendix N of the CS report age as
a covariate.

2. The company reported that only statistically significant covariates were included in the final
extended equations. However, the company decided to evaluate statistical significance at
the 10% level, higher than the more conventionally used 5% significance level (see Table
36).

3. The rationale for using the reduced risk equations is unclear in the CS. The company should
have retained all relevant statistically significant variables in the risk equations used in the
analysis. Even though the EAG does not know what the final p-values would be for all the
covariates included in Table 36 if the non-statistically significant variables were removed
from the model, it is likely that more variables other than just treatment and KCCQ-CSS
would be appropriate for inclusion in a HFF model.

4. The CS reports that the extended risk equations were a poorer prediction of the observed
HHF values in the trial than the reduced risk inclusion. The EAG would have liked to see
some investigation into the reason behind this and wonders if the extended models could
have provided a better prediction if only predictors considered statistically significant at the

5% level had been included in the model.

The company added that to test the impact of age on HHF, it added the age predictor to the ITT
reduced list risk equation and found the latter to be statistically non-significant (reported coefficient
estimate of -, and p-value of -). However, the EAG has not seen the outputs of this

regression model.

Overall, the EAG is unclear on the appropriateness of using reduced risk equations in the model, and

on the plausibility of the parameterised survival models fitted to first HHF KM data. The company did
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not investigate including predictors other than treatment in the latter and has only investigated first

HHF events.

Table 36. Covariates included in the extended HHF risk equation, estimated with a Poisson model.

Predictors

Intercept

Estimate

p-value

Empagliflozin 10mg (ref: placebo)

Male (ref: female)

CRT (ref: no CRT)

Type Il diabetes (ref: no diabetes)

eGFR = 60 (ref: eGFR < 60)

Latin America

North America

Asia

Other region

NT-proBNP (log-scale)

Prior HF (ref: no prior HF)

Time since HF diagnosis (ref: 0-1 years):
1-5 years

Time since HF diagnosis (ref: 0-1 years):
5+ years

NYHA 1lI-1V at baseline (ref: class I-Il)

ICD (ref: no ICD)

Prior HF medication (ref: other):
ACEI/ARB + BB - IVA

Prior HF medication (ref: other):
ARNI + BB - IVA

Updated KCCQ-CSS quartile (ref: Q1 [0, 55.7)):

Q2 [55.7,74)

Updated KCCQ-CSS quartile (ref: Q1 [0, 55.7)):

Q3 [74, 88)

Updated KCCQ-CSS quartile (ref: Q1 [0, 55.7)):

Q4 [88, 100]

Values in bold represent the variables which would not be considered statistically significant with a p-value of 5%
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4.2.6.5 Treatment discontinuation

In order to estimate time to treatment discontinuation (TTD) in the model, the company fitted
parametric survival curves to the TTD KM data from EMPEROR-Preserved. The Weibull, Gompertz,
log-logistic, lognormal, and the generalised gamma distributions were fitted to the TTD KM data and
assessed for best visual fit; Akaike Information Criteria (AIC) and Bayesian Information Criteria (BIC)
statistics; and clinical plausibility. Similar to HHF outcomes, the company included time-varying

KCCQ-CSS and treatment predictors to the selected parametric models.

The company fitted a generalised gamma model as it considered that its closer fit to the tail-end of
the KM TTD curve resulted in the more realistic long-term estimates. After treatment

discontinuation with empagliflozin, patients were assumed to receive SoC only.

4.2.6.6 EAG critique

During clarification, the EAG raised a concern that the model might reflect an underestimation of
time on treatment associated with empagliflozin. Given that clinical expert opinion is that patients
(who do not discontinue treatment) stay on empagliflozin for the rest of their lives; the model
prediction that patients will stay on treatment for a mean duration of 3.81 years; and a predicted
survival for modelled empagliflozin patients is of 8.24 years; the EAG asked at clarification that the
company discuss the clinical plausibility of the estimated time on treatment in the model. The CSR
for EMPEROR-Preserved reports that 23% discontinued treatment for reasons other than death

(which compares to 16% reported in the EMPEROR-Reduced trial).

The company’s response at clarification was that even when treatment discontinuation is removed
from the model, therefore assuming that patients stay on treatment throughout their lifetime, the
deterministic ICER increased only from £14,429 (base case) to £15,126. Therefore, the EAG is

satisfied that TTD is not a driver of the economic results.

4.2.6.7 Mortality

The company fitted parametric survival curves to all-cause mortality and to CV-related mortality KM
data from EMPEROR-Preserved, separately. The Weibull, Gompertz, log-logistic, lognormal, and the
generalised gamma distributions were fitted to the data and assessed for best visual fit; AIC and BIC
statistics; and clinical plausibility. Similar to TTD outcomes, the company included time-varying

KCCQ-CSS and treatment predictors to the selected parametric models for each survival function.
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The economic model uses different probabilities for CV-related and non-CV related deaths (which
differed by KCCQ-CSS state and by treatment arm). In order to estimate the probability of patients
having a non-CV death the company subtracted the monthly probability of CV-death from the

probability of all-cause death in each cycle of the model.

To ensure that the probability of non-CV death was never higher than the corresponding age-and
sex-specific probability for the general UK population (taken from the national UK life tables), the
maximum probability of non-CV death between EMPEROR-Preserved and the life tables was taken in
every cycle of the model. UK life tables were adjusted to exclude CV-related deaths to avoid double

counting.

4.2.6.7.1 Overall survival

A total of 422 (14.1%) patients died in the empagliflozin arm of EMPREROR-Preserved, while 427
(14.3%) patients died in the placebo arm (Figure 11, HR of 1.00; 95% confidence interval of 0.87 to
1.15).

The company assessed all-cause mortality KM data for the validity of the proportional hazards (PH)
assumption and the best fit between independent and jointly fitted curves. The company decided to
fit a joint Weibull (PH) model. The company also described an iterative process for selecting and
removing non-statistically significant variables from the Weibull risk equations and decided to use
the reduced risk equation with only KCCQ-CSS quartiles as predictors of survival (Table 37). The
company excluded treatment effect as a predictor of survival from the risk equation because

treatment effect was not a statically significant predictor of all-cause mortality.

As with the HHF risk equations, the company included an extended risk equation (as opposed to the
reduced base case equation which only considered treatment arm and KCCQ-CSS quartile) in the

model, with statistical significance defined at the 10% level.
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Figure 11. Observed OS data in EMPEROR-Preserved (reproduced from Figure 19, CS).
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Table 37. Weibull regression for OS, ITT population from EMPEROR-Preserved

Covariate ‘ Coefficient p-value

Shape [ [ ]
Scale [ | [ ]
'1I'(r)eatment effect Empagliflozin | H

mg (reference placebo)

KCCQ-CSS: (Quartile 2 vs Quartile 1) [ ] [
KCCQ-CSS: (Quartile 3 vs Quartile 1) [ ] [
KCCQ-CSS: (Quartile 4 vs Quartile 1) [ ] [

4.2.6.7.2 CV-related death

A total of 219 (7.3%) patients had a CV-related death in the empagliflozin arm of EMPEROR-
Preserved, while 244 (8.2%) patients experienced a CV-related death in the placebo arm (Figure 12,
HR 0.91, 95% Cl: 0.76 to 1.09). Overall, CV-related deaths represented 51% of all deaths in
EMPEROR-Preserved.

The company fitted a joint Weibull model to the empagliflozin and SoC arms of EMPEROR-Preserved

data. The company justified its approach based on, “the lack of strong evidence against the
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assumption of proportional hazards; plausibility of cause-specific extrapolations; and face validity

with regards to higher survival estimates compared to the all-cause mortality Weibull model.”

The company reported the same process as that undertaken for HFF and all-cause mortality,
consisting of an iterative process for selecting and removing non-statistically significant variables
from the Weibull risk equations. The company also decided to use the reduced risk equation with
treatment and KCCQ-CSS quartiles as predictors of survival. The company added that even though
the treatment effect for CV mortality was not statistically significant (as observed for all-cause
mortality), this was added as a predictor in the CV-model because a numerical difference between

the two comparators is clinically plausible for this outcome (Table 38).

Figure 12. Observed CV-related mortality data in EMPEROR-Preserved reproduced from Figure 20,
CS).
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Table 38. Weibull regression for CV-mortality, ITT population from EMPEROR-Preserved

Covariate ‘ Coefficient p-value

Shape I I
Scale | I
Treatment effect Empagliflozin

10 mg (reference placebo) L L
KCCQ-CSS: (Quartile 2 vs Quartile 1) [ ] [

BMJ TAG

PAGE 89



Covariate ‘ Coefficient p-value

KCCQ-CSS: (Quartile 3 vs Quartile 1)

KCCQ-CSS: (Quartile 4 vs Quartile 1)

4.2.6.8 EAG critique

The EAG considers that there is some uncertainty on the company’s long-term overall survival (OS)
extrapolations. Figure 13 shows the three-best fitting models to OS KM data from EMPEROR-

Preserved: the Weibull (company’s base case); Gompertz and generalised gamma models.

Based on 10-year KM data from an external literature source found by the EAG (Eriksson et al.), the
5-year and 10-year survival observed for patients with HFmrEF/HFpEF was about 60% and 35%,
respectively.'” The population in the Eriksson study was broadly the same age as the population in
EMPEROR-Preserved, however and had less severe NYHA stage at baseline, and had a considerably
lower proportion of patients with diabetes (20% vs 50%), which the EAG expects to lead to better

survival outcomes than patients in EMPEROR-Preserved.

In comparison to Figure 13, the base case Weibull distribution chosen by the company seems to
align with the Eriksson outcomes, with over 30% of patients alive at 10 years. Nonetheless, the EAG
expects patients in EMPEROR-Preserved to have a higher mortality than patients in Eriksson given
the NYHA staging and the presence of diabetes at baseline in the former. The generalised gamma
provides more conservative long-term predictions, with 20% of patients being alive at 10 years. The
Gompertz curve predicts the most conservative survival estimation at 5 years (about 55%) and is

likely to underestimate survival at 10 years (0% of patients are alive).

Crucially, the EAG disagrees with the company’s approach of including KKCQ-CSS as predictors of
survival in the model given that these generate an indirect survival benefit for empagliflozin in the
model. Given that the probability of patients dying is different in every KCCQ-CSS state of the model
and that patients in the empagliflozin arm of the model have a higher probability of remaining in the
better KQCC-CSS states over time compared with SoC patients, the former also experience a lower

probability of death.

Given the KM OS data reported in Figure 11, which shows that survival was similar in the two arms

of the EMPEROR-Preserved trial, the EAG considers that including a treatment benefit associated
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with empagliflozin is unsubstantiated. Therefore, the EAG requested that the company included a
scenario analysis in the model where both the direct and indirect treatment effect of empagliflozin
on overall survival was removed from the model. When it is assumed that overall survival is the
same across treatment arms but that empagliflozin has an effect on CV-related mortality, the ICER

increases from £14,429 to £21,104 per QALY gained.

Unfortunately, the company only provided this scenario for the Weibull re-fitted model. Using the
generalised gamma in the model, which provides more conservative long-term survival predictions,
increases the company’s base case ICER to £14,473, whereas using the Gompertz increased the ICER
to £17,553. Given that the company did not provide the generalised game and the Gompertz risk
equations re-refitted to exclude KCCQ-CSS as a predictor, the EAG cannot present the impact of
using these models when there is no survival benefit assumed for empagliflozin. However, the EAG
can infer that the £21,104 ICER would be marginally higher if the gamma model was used, and

considerably higher if the Gompertz model were used.

Figure 13. Weibull, generalised gamma and Gompertz models fitted jointly to EMPEROR-Preserved
OS KM data.

All-cause Mortality
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The EAG has some concerns regarding the company’s inclusion of a treatment effect in the risk
equations to estimate CV mortality in the model. Even though the EAG’s clinical experts agreed with

the clinical plausibility of empagliflozin being associated with a survival benefit on CV-related death,
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the EMPEROR-Preserved trial showed a non-statistically significant effect on this outcome.
Furthermore, given the company’s decision to include a treatment effect in the CV-mortality risk
equations, the decision to do so through a PH model is problematic. Considering the shape of the
KM curves observed in Figure 12, it is implausible that a constant treatment effect would be
observed throughout the trial (and extrapolated) period (Figure 14), and by assuming PH, the

company is overestimating the relative treatment effect associated with empagliflozin.
Figure 14. Weibull models fitted jointly to EMPEROR-Preserved OS KM data
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During clarification, the EAG asked that the company included an option in the model to remove the
direct and indirect effect (separately) of empagliflozin on CV-related mortality (as requested for all-
cause mortality). When it is assumed that overall survival and CV-related mortality are the same in
both treatment arms (witch by default means that non-CV deaths are also the same in both

treatment arms), the final ICER increases to £26,422 per QALY gained.

Overall, the EAG notes that the OS curves from EMPEROR-Preserved (both for overall and CV
survival) do not provide sufficient evidence to substantiate empagliflozin having an impact on
patients’ survival compared to SoC patients. However, clinical expert opinion consistently reported
the plausibility of empagliflozin reducing patients’ CV-related mortality. Therefore, the EAG

considers that it is crucial that the committee validates the following assumptions:
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1. Is empagliflozin likely to reduce CV mortality compared to SoC?
a. Ifthe answer to the above question is yes, then the EAG notes that there are two
possible implications for non-CV deaths in this population:

i. Either the CV deaths prevented in the empagliflozin arm do not translate
into a reduction in overall mortality for these patients - given the age of the
HFmrEF/HFpEF population, and the presence of several comorbidities, the
proportion of patients who don’t die of a CV cause die in a similar time
frame of a non-CV cause, therefore suggesting that there will be more non-
CV deaths for empagliflozin than SoC patients — in this case, it is crucial that
the cost of a CV and non-CV death is incorporated into the economic
analysis, to assess the cost-effectiveness of “replacing” an equal number of
CV deaths with non-CV deaths for empagliflozin patients. Or;

ii. The CV deaths prevented in the empagliflozin arm translate into a reduction
in overall mortality for these patients vs SoC patients — the proportion of
patients who don’t die of a CV cause end up dying much later of a non-CV
cause, and a similar proportion of empagliflozin and SoC patients die of non-
CV causes in the shorter term.

b. If the answer to question 1 is no, then there is no difference in CV or non-CV deaths

for empagliflozin and SoC patients.

In Section 6, the EAG provides scenarios analysis assuming no survival benefit on all-cause mortality
associated with empagliflozin, combined with two alternative scenarios where there is a benefit
assumed for CV-related death; or there is no impact on the latter. Nonetheless, the EAG did not have
time to investigate the impact of including the cost of non-CV deaths in the model and recommends
that the company carefully considers including these events in the model, depending on the

committee’s conclusion on the impact of empagliflozin on survival.

4.2.7 Adverse events

The adverse events included in the model can be found in Table 35 of the CS. These are further

discussed in Section 4.
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4.2.8 Health-related quality of life

EQ-5D-5L data were collected in the EMPEROR-Preserved trial at baseline; 12 weeks; 32 weeks; 52
weeks; 100 weeks; and 148 weeks following randomisation, as well as at treatment discontinuation.
Patients were also followed up 30 days following completion of the treatment period. In line with
NICE guidance, the company mapped the EQ-5D-5L responses onto the EQ-5D-3L value set using the

crosswalk mapping function developed by Herndndez Alava et al. 8

Utility scores were analysed using mixed-effects linear regression using all available EQ-5D
measurements across all visits. The final model incorporated time-varying predictors such as KCCQ-
CSS state and whether a patient had a HHF in the last 0-1 months, 1-2 months, 2-4 months, and 4-12

months.

For HHF events, the reference group had no HHF events to date, and patients were classified back
into the reference group once a year had passed from hospitalisation. Therefore, the company

assumed that HHF impacted patients’ quality of life for 12 months after the event.

The annual disutility associated with HHF in the model was estimated as _

_ per event. This was calculated by multiplying the coefficients in Table 39
(estimated in the mixed-effects model) for time since HHF by the respective period of time and
adding these together —). The corresponding
coefficients in TA773 were the following: _

The mixed-effects model also included AEs as predictors (urinary tract infections, mycotic genital
infections, acute renal failure, hepatic injury, volume depletion, hypotension, hypoglycaemic event,
and bone fractures), where patients were returned to the reference group one month after
experiencing the event. The coefficients for each AE were applied as monthly disutilities for each
event as per Table 40. The company sourced the disutility for genital mycotic infection and

hypoglycaemic events from external literature sources.

Unlike the risk equations for HHF and CV-related survival outcomes, treatment was not included as a
predictor in the final model as it was found to be not statistically significant. The other predictors of
patients’ quality of life (in addition to HHF and AEs) included in the final regression are reported in
Table 41. The EAG found some discrepancies between the predictors reported in Table 36 of the CS
and the predictors included in the model, therefore, in Table 41 the EAG presents the predictors

included in the model.
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Table 39. Final QoL regression — HHF coefficients used in the model

Covariate Coefficient ‘ SE p-value

HHF: <1 month

HHF: 1 to <2 months
HHF: 2 to <4 months
HHF: 4 to <12 months

Table 40. Final QoL regression used in the model - AEs coefficients used in the model
Disutility used in
the model

Covariate Coefficient

Urinary tract
infection

Genital Mycotic
Infection

Acute renal failure

Hepatic injury

Volume depletion

Hypotension

Hypoglycaemic
event

Bone fracture

*not statistically significant at a 5% significance level

Table 41. Final QoL regression used in the model (taken form the company’s model)
Covariate ‘ Coefficient

Intercept

Demographics

Age 265

Male (ref: Female)

Region

[
[ |
[
Latin America [ |
[ |
[ |
[

North America

Asia

Other
Baseline KCCQ quartile (ref: [88.02, 100])

KCCQ-CSS: 75 to <90
(Quartile 3)

I
KCCQ-CSS: 55 to <75 [
I

(Quartile 2)

KCCQ-CSS: 0 to 55
(Quartile 1)
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Covariate Coefficient SE p-value

Prior atrial fibrillation or

flutter i u u
Baseline eGFR higher or

equal to 60 i u u

The final estimated utility values for each KCCQ-CSS quartiles are presented in Table 42. The utility
estimated in the mixed-effects model for quartile 4 (the least severe quartile) was higher (-)
than the utility seen in the UK general population reported by Sullivan et al.?? for the age group of
70-79 years. Therefore, the company used the utility reported in Sullivan (0.7230) for quartile 4 and
adjusted the utility values for the 1-3 quartile states based on the relative difference between the

estimated utility for quartile 4 and the value reported in Sullivan.

Table 42. Utility values used in the company’s base case

KCCQ-CSS health state Value estimated

Value used in the model

[ats il |
Quartile 1 [ | [
Quartile 2 [ ] [
Quartile 3 [ ] [ ]
Quartile 4 [ | 0.7230

4.2.8.1 EAG critique

During clarification, the company provided the mapped EQ-5D-3L data (from the EQ-5D-5L data from

EMPEROR-Preserved) on the mean baseline; change from baseline; and number of observations. The

results are reported in Table 43 and show that _

The company also reported changes in utility values from baseline in Table 19 of the clarification

document; however, the EAG considers that the latter lack face validity, thus the EAG estimated
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these (see Table 43) but cannot be sure of the statistical significance of these changes.-

_Overall, the EAG considers that the QALY gain over the initial 2 years of

the model (Table 44) broadly reflects the gains seen in EMPEROR-Preserved up to year 2. However,
the model produces a total QALY gain of- which the EAG is concerned might be an
overestimation. The trend in the difference of patients’ mean utility observed in EMPEROR-
Preserved (Table 43) suggests that the incremental utility gain seen in the empagliflozin arm
_ from week 100 to week 148 of the trial, whereas the trend in the model shows an
- of - in the QALY gains associated with empagliflozin every year of the model.

The majority of the QALY gain in the model comes from the additional time spent by empagliflozin
patients in quartile 4 and 3 of the KCCQ-CSS state when compared to SoC patients. Another
considerable driver of the QALY gains in the model comes from the reduction in HHF for

empagliflozin patients when compared to SoC patients.

Table 43. EQ-5D-3L scores in EMPEROR-Preserved

Empagliflozin 10 Change

Difference Change_from from Difference in the
f baseline .
in mean e baseline change from
" empagliflozin .
utility mean (SD) SoC mean baseline

(SD)

H B B I

H B L L

H B L L

H B L L

H B L L

| H | L

Baseline

week 12

week 32

week 52

week 100

week 148
|

Table 44. QALY gain in the economic model

Incremental

At week 52 (year 1)

At week 104 (year 2)
At week 156 (year 3)
At week 208 (year 4)
At week 260 (year 5)
At week 312 (year 6)
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The EAG considers that the _ disutility associated with HHF in the model is overestimated
as it implies that every HHF event would impact patients’ quality of life for 1 year after the event,
which clinical expert opinion provided to the EAG indicated reflects an overestimation. The experts
indicated that the average length of stay in the hospital for HHF for patients with preserved EF is 11
days (which is validated by the 11-day mean stay for HHF in EMPEROR-Preserved). Subsequently,
one expert indicated that a reasonable assumption is that 1 day in hospital impacts patients’ quality
of life for 1 week after discharge. The other clinical expert indicated that 6 months of impact (as a
maximum) could also be plausible after discharge. Therefore, the EAG requested that the company

conducted two alternative scenario analyses where:

1. It was assumed that HHF events impact patients’ QoL for 2.75 months after discharge
(corresponding to an impact of 11 weeks after being hospitalised for 11 days).

2. It was assumed that HHF events impact patients’ QoL for 6 months after discharge.

When the impact of HHF is assumed to last 2.75 months, the HHF disutility is --, and when it
lasts for 6 months, it is - The ICER for the first scenario increases to £17,912 per QALY gained
and to £16,511 for the second scenario (compared to the base case ICER of £14,429) . The EAG
considers these analyses to provide a more plausible range than assuming every HHF event impacts

for 1 year after hospitalisation, therefore presents results using these scenarios in Section 6.

During clarification the EAG also requested that the company included age-related utility
decrements throughout the model time horizon using the algorithm published by Ara and Brazier
2010, which the company supplied as a scenario analysis. The EAG considers that the age-related
decrements should be use used in the base case results, and therefore reports the results of these

analysis in Section 6.

Overall, even though the EAG considers that utility gains are likely to be overestimated in the model,
the EAG notes that when the EAG’s preferred assumptions with regards to survival; KCCQ-CSS
scores; and utilities are used in the model (as discussed in Section 6.2), the QALY becomes more

aligned with the trial results.

During clarification the EAG also noted that the final KCCQ-CSS utility values (unadjusted for age)
reflected a higher quality of life in EMPEROR-Reduced patients, when compared to EMPEROR-
Preserved patients. The EAG noted that the disutility associated with HHF estimated from the

EMPEROR-Reduced population was also lower compared with the EMPEROR-Preserved population.
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The company commented that this difference is in line with other differences noted in terms of the
baseline characteristics of the two populations in the trials. In particular, the mean age in EMPEROR-
Preserved is 71 years, and for EMPEROR-Reduced is 67. Furthermore, the company noted that the
average presence atrial fibrillation as a comorbidity in EMPEROR-Reduced was 35-37% vs 50-51% in
EMPEROR-Preserved, with hypertension in 72% versus 90% of the trial populations, respectively,
both of which are associated with a higher risk of adverse events in the EMPEROR-Preserved
population. The EAG notes that the baseline utility values in EMPEROR-Reduced were

_ in for SoC and empagliflozin, respectively, which compare to _ in

EMPEROR-Preserved.
Disutility associated with AEs

Even though the company used disutilty values estimated from its regression analysis that were not
statistically significant (see Table 40), and despite some inconsistencies in the sources for the
disutilities used, the scenario analysis conducted by the EAG showed that removing the non-
statistically significant events reported in Table 40 from the model had a negligible impact on the

ICER.

4.2.9 Resource use and costs

4.2.9.1 Treatment and comparator costs

The intervention included in the economic model is empagliflozin formulated as a 10mg tablet taken
once a day, in addition to SoC. The list price for empagliflozin is £36.59 for a pack of 28 pills,
amounting to a daily cost of £1.31 and a monthly cost of £39.78. Standard of care was modelled as a

basket of drugs used in first-line heart failure care, as discussed in Section 4.2.3.

4.2.9.1 Disease management costs

Disease management costs included GP and cardiologist visits, and A&E referrals. Resource use was
based on data from the Clinical Practice Research Datalink, as reported by McMurray et al. (2018).%°
Unit costs were taken from PSSRU Unit Costs of Health and Social Care** and the Schedule of NHS
Costs 2019/2020. The company assumed that GP visits were based on patient contact lasting 9.22
minutes and that cardiologist visits were consultant-led, face to face follow-up appointments. The
cost of an A&E referral was based on a weighted mean derived from national average unit costs and
number of finished consultant episodes (FCEs) for non-admitted emergency medicine. All disease

management unit costs were inflated to 2021 by applying the consumer price health inflation factor
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from Eurostat,?? and are reported in Table 50 of the CS. Total cost was £39.62 monthly, for every

KCCQ-CSS state.

4.2.9.2 Hospitalisation costs

The acute costs of HHF were based on NHS reference costs for 2019/2020 for non-elective long
inpatient stay, computed as the weighted average of reference costs for healthcare resource group
(HRG) codes (described in Table 45) and the number of FCEs. The total cost of a HHF event in the
model was £3,259.

Table 45. Hospitalisation for heart failure unit costs

Heart Failure or Shock, with CC Score 14+
(EBO3A) — Non-Elective (Long Stay) £4,076

Heart Failure or Shock, with CC Score 11-13
(EBO3B) — Non-Elective (Long Stay) £3,191

Heart Failure or Shock, with CC Score 8-10
(EBO3C) — Non-Elective (Long Stay) £2,634

Heart Failure or Shock, with CC Score 4-7
(EBO3D) — Non-Elective (Long Stay) £2,238

Heart Failure or Shock, with CC Score 0-3
(EBO3E) — Non-Elective (Long Stay) £2,062

4.2.9.3 EAG critique

In TA773, the EAG noted that a better approach to use the appropriate cost year in the analysis
would have been to use the 2019/2020 costs sourced from the updated NHS Cost Schedule, instead
of using older cost estimates used by the company (2018/2019) and inflating these with the

consumer price health inflation factor from Eurostat.??

The same issue is applicable for the current submission, given that the updated NHS Cost Schedule
2020/2021 is available. The company’s unit costs sourced from the NHS Cost Schedule are therefore
outdated by 1 year. The EAG appreciates that the company has used the consumer price health
inflation factor from Eurostat to bring prices up to 2021, however, again notes that using the

relevant NHS costs for the right year would have been more accurately representative of the costs

BM) TAG



incurred in the UK. Furthermore, the EAG notes that inflation index could have been updated to
reflect the current cost year (2022), instead of 2021. Overall, the EAG does not expect this to have a

considerable impact on the final ICER.

During clarification, the EAG noted that the mean duration of HHF in EMPEROR-Preserved was 11
days; with a median of 8 days; and Q3 of 13 days. The EAG was therefore, concerned that the
company’s use of the more severe cost code (EBO3A), associated with a 53-day long hospitalisation,
overestimated HHF costs in comparison to EMPEROR-Preserved. Given the less severe cost code
(EBO3E) is associated with 13 days in hospital, the EAG asked that the company conducted a scenario
analysis in the model where the cost of £2,062 was used to calculate the cost of all HHFs events in
the model. The company used the £2,134 (£2,062 inflated to 2021 cost year) to run the scenario

analysis and the deterministic ICER increased from £14,429 to £15,215.

Given the length of stay observed in EMPEROR-Preserved, the EAG’s preference is to use the EBO3E
code to cost HHF in the model, rather than using weighted mean derived from national FCEs for

more severe HHFs events.

4.2.9.4  CV-related mortality

Similar to TA773, the cost of CV death was based on the regression analysis presented in Alva et al.
which estimated the added inpatient costs for type-2 diabetes mellitus (T2DM) complications, during
the UK Prospective Diabetes Study post-trial monitoring period from 1997 to 2007, and used

hospitalisation records for patients in England (n=2,791).%

The regression analysis reported coefficients for the expected cost impact of T2DM complications,
which included fatal myocardial infarction (Ml), fatal ischaemic heart disease (IHD), and fatal stroke,
as well as age and gender, on inpatient hospitalisation costs. The company used these coefficients to
estimate the costs of fatal Ml; IHD and stroke. Costs were estimated separately for males and

females; aged <65 years and 265 years, respectively.

The company then used the percentage of males/females and the percentage aged <65 or 265 years
from EMPEROR-Preserved and derived a weighted average cost for each event. A simple average
was then taken across the cost of the three fatal events to derive the final cost of CV death for the

model of £4,295.
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4.2.9.5 EAG critique

As in TA733, the EAG disagrees with the use of the chosen estimates from the Alva paper as these
relate to the added costs on hospitalisations due to T2DM complications. Therefore, during
clarification the EAG asked that the company used the alternative estimates provided in Table 3 of
the Alva study, which reported the absolute cost of the events. The company conducted this analysis

and the cost of CV death changed from £4,295 to £3,809 (after inflation).

During clarification, the EAG also asked that the company estimated the weighted costs of CV-deaths
by the proportion of events leading to CV death observed in EMPEROR-Preserved (Table
11.1.2.4.2:1, page 120 of the CSR). The latter showed that - of deaths in EMPEROR-Preserved
were sudden cardiac deaths and so the company included two options in the model: a conservative
approach where the cost of sudden cardiac death was zero, decreasing the overall costs of CV death
to £1,452; and a second option where the total HRG costs for cardiac arrest of £1,632 was used,

leading to overall costs of CV death of £2,345.

With the EAG's preferred unit costs from Alva, the alternative total cost of CV deaths are: £3,809
(company’s base case); £1,452 (with the cost of sudden death assumed to be zero); or £2,345 (with

the cost of sudden death assumed to be £1,632).

The EAG’s preferred cost for CV death in the model is £1,452 as it represents the most conservative
estimate, however the EAG reports the results of using a cost for sudden cardiac arrest in the

scenario analysis reported in Section 6.
4.2.9.1 Adverse event costs
The unit costs for outpatient visits were taken from the PSSRU unit costs of health and social care,

while inpatient costs were taken from the National Schedule of NHS Costs for 2018/19 and then

inflated to 2021 costs using the consumer price health inflation factor from Eurostat.??

Similar to the HHF and disease management costs, the EAG’s preference would have been for the
company to use the 2020/2021 more up to date costs sourced from the NHS Cost Schedule, instead

of using older cost estimates and inflating these.
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5 Cost effectiveness results

5.1 Company’s cost effectiveness results

The results of the company’s base case deterministic analysis are presented in Table 46. In the base
case analysis, empagliflozin + SoC generates _ incremental QALYs and incremental costs of
- over SoC alone, resulting in an ICER of £14,429 per QALY gained.

Table 46. Company’s base case results

Interventions | Total Total Total Incremental Incremental Incremental | ICER
Costs (£) | LYG QALYs costs (£) QALYs (E/QALY)
Empagliflozin [ ] [ ] [ ] [ ] £14,429
Standard of - - - - -
] ||

Care

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year;

The company performed probabilistic sensitivity analysis (PSA) to assess the joint parameter
uncertainty around the base case results, using 1,000 PSA iterations. Table 47 shows that the
company’s PSA ICER of £14,564 per QALY gained is similar to the company’s deterministic ICER. The
probability of empagliflozin being cost effective at the £30,000 threshold is - (as per Figure 15).

Table 47. Company’s mean PSA results

Interventions | Total Total Total Incremental Incremental Incremental | ICER
Costs (£) QALYs costs (£) (e7.\R £ (E/QALY)

Empagliflozin £14, 564
Standard of I . N

Care

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year;



Figure 15. Cost-effectiveness acceptability curve

Figure 16. Cost-effectiveness plane

5.2 Company’s sensitivity analyses

The company’s sensitivity analysis can be found in Section B.3.10.3 of the CS, and subgroup analysis
can be found in Section B.3.11 of the same document. The company’s conclusion is that the most
influential parameter in the model is the treatment effect of empagliflozin associated with HHF.

When this parameter was set to zero, the ICER increased from £14,429 to £21,339 per QALY gained.
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Other highly impactful parameters identified by the company were the disutility for HHF, the
treatment effect associated with empagliflozin for CV mortality, inclusion of treatment

discontinuation for empagliflozin, and cost of treatment for HHF.
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6 Additional economic analysis undertaken by the EAG

6.1 Exploratory and sensitivity analyses undertaken by the EAG

The scenario analyses undertaken by the EAG are explained throughout Section 4 of the report.
Results of the exploratory analyses conducted are reported in Table 48. The following analyses were

conducted:

1. Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without imputation.

2. Assuming that empagliflozin does not have an effect on overall survival but has an effect on
CV mortality.

3. Assuming that empagliflozin does not have an effect on overall survival (directly or

indirectly) or on CV mortality.

Assuming HHF impact patients’ QoL for 11 weeks after hospitalisation.

Assuming HHF impact patients’ QoL for 6 months year after hospitalisation.

Using the age-related decrements from Ara and Brazier 2010.

N o U s

Using the EBO3E code to cost HHF in the model, rather than using weighted mean derived

from national FCEs for more severe HHFs events.

8. Using a unit cost for CV death in the model of £1,452 (with the cost of sudden death
assumed to be zero).

9. Using a unit cost for CV death in the model of £2,345 (with the cost of sudden death

assumed to be £1,632).

Results in Table 48 show that the key drivers of the economic results are the assumptions made
around the impact of empagliflozin on survival. When it is assumed that overall survival is the same
across treatment arms but that empagliflozin has an effect on CV-related mortality, the ICER
increases from £14,429 to - per QALY gained. When it is assumed that overall survival and
CV-related mortality are the same in both treatment arms (witch by default means that non-CV
deaths are also the same in both treatment arms), the final ICER increases to - per QALY
gained. To aid the interpretation of the EAG’s scenarios on mortality, the EAG provided the

accompanying survival curves and a small description of each scenario in Appendix 8.1.

The second highest driver of the economic results is using the unadjusted TPs between KCCQ-CSS

scores, followed by the assumption around the duration of the impact of HHF on patients’ quality of
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life. Some of the scenarios conducted by the EAG have a small impact when run in isolation,

however, have a considerable impact on the ICER when combined (as described in Section 6.2).

Table 48. Results of the EAG’s scenario analyses

Corrected company base case

Total costs (£) [ ] [ ] [ ]

QALYs [ ] [ ] [ ]

ICER (£/QALY) - - £14,429
1 Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without imputation.

Total costs (£) [ ] [ ] [ ]

QALYs [ ] [ ] [ ]

ICER (£/QALY) - - [

2 Assuming that empagliflozin does not have an effect on overall survival (directly or indirectly) but has an
effect on CV mortality.

Total costs (£) [ ] [
QALYs | | |
ICER (£/QALY) - - [

3 Assuming that empagliflozin does not have an effect on overall survival (directly or indirectly) and does
not have an effect on CV mortality

Total costs (£) - - -

QALYs [ | [ | [ |

ICER (£/QALY) - - [
4 Assuming HHF impact patients’ QoL for 11 weeks after hospitalisation.

Total costs (£) - - -

QALYs [ | [ | [ |

ICER (£/QALY) - - [
5  Assuming HHF impact patients’ QoL for 6 months year after hospitalisation.

Total costs (£) - - -

QALYs [ | [ | [ |

ICER (£/QALY) - - [
6 Using the age-related decrements from Ara and Brazier 2010.

Total costs (£) [ ] [ ] [ ]

QALYs [ | [ | [ |

ICER (£/QALY) - - [

7 Using the EBO3E code to cost HHF in the model, rather than using weighted mean derived from national
FCEs for more severe HHFs events.

Total costs (£) I I |
QALYs | | L
ICER (£/QALY) - - [

BM) TAG PAGE 107



8 Using a unit cost for CV death in the model of £1,452 (with the cost of sudden death assumed to be

zero).

Total costs (£) [ [ ] [ ]

QALYs [ | [ | [ |

ICER (£/QALY) ]
9  Using a unit cost for CV death in the model of £2,345 (with the cost of sudden death assumed to be

£1,632).

Total costs (£) [ [ ] [ ]

QALYs | I .

ICER (£/QALY) - - [

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality adjusted life year

6.2 EAG preferred assumptions

The EAG’s preferred assumptions are:

9. Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without imputation.

10. Assuming that empagliflozin does not have an effect on overall survival.

11. Using the age-related decrements from Ara and Brazier 2010.

12. Using the EBO3E code to cost HHF in the model, rather than using weighted mean derived
from national FCEs for more severe HHFs events.

13. Using a unit cost for CV death in the model of £1,452 (with the cost of sudden death

assumed to be zero).
In addition to the assumptions listed above, the EAG conducted one set or alternative scenarios:

14. Assuming HHF impact patients’ QoL for 11 weeks after hospitalisation.

15. Assuming HHF impact patients’ QoL for 6 months year after hospitalisation.
Finally, the EAG conducted the alternative combined scenarios described above with the following:

16. Assuming that empagliflozin does not have an effect on CV related deaths (directly or

indirectly), or on overall survival.

When empagliflozin is assumed to have an impact on CV mortality (but not on overall survival), the

cumulative EAG-preferred assumptions result in a final ICER of _,

depending on the duration of the impact of a HHF event on patients’ quality of life (Table 49). When

empagliflozin is assumed to not have an impact on CV mortality (or overall survival), the cumulative
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EAG-preferred assumptions result in a final ICER of _, depending

on the duration of the impact of a HHF event on patients’ quality of life (Table 49). Given how similar
the deterministic base case results are to the probabilistic results, the EAG did not present

probabilistic results of the exploratory analysis conducted.

The key driver of the model remains the assumption made around the impact of empagliflozin on
mortality. In the combined EAG ICER, the second biggest driver of results is the assumption made for
the duration of the impact of an HHF event on patients’ quality of life, followed by using the

observed TPs between KKCQ-CSS (as opposed to the ones with imputed data).

The EAG caveats again its scenario on mortality assuming that empagliflozin has no impact on overall
mortality but reduces patients’ CV mortality. This scenario needs further investigation on its
implications for patients’ non-CV mortality given that it indirectly implies an increase in non-CV
deaths for empagliflozin patients, but these have not been considered in the economic model by the

company.

Overall, when the EAG’s preferred assumptions with regards to survival; KCCQ-CSS scores; and
utilities are used in the model, the total HHF events and deaths (both overall and CV-related) remain
overestimated (as is the case in the company’s base case); however, the incremental events
estimated are closer to those observed in EMPEROR-Preserved at 3 years, even if there is an
underestimation in the first model cycles (see Appendix 8.2 for the comparison of observed vs
estimated outcomes in the EAG’s scenarios). The same can be observed for the trend in the utility
gains generated in the model. The EAG notes that when it is assumed that empagliflozin does not
have an impact on overall survival but does have an impact on CV-related death, the model provides
a good prediction of both incremental CV and all-cause deaths in the trial at 3.5 years (with an
underestimation at year 1 and year 2). However, when it is assumed that empagliflozin does not
have a benefit associated with reducing CV deaths, the model predictions lack face validity when

compared to trial outcomes (Table 53, Appendix 8.2).

Finally, as discussed in Section 4.2.6, the company included a scenario analysis in the model which
assumed that the TPs between KCCQ-CSS quartiles for patients on treatment are the same as those
for patients off treatment from month 9 onwards in the model, which equates to the proportion of
patients in each KCCQ-CSS state being the same in the empagliflozin and SoC arms of the model

approximately 4 to 5 years after treatment initiation in the model. This scenario is likely to be overly

BM) TAG PAGE 109



pessimistic as it assumed that after 4 years EMPAGLIFLOZIAN does not impact patients’ KCCQ-CSS

anymore, even if patients are still on treatment. When the EAG ran the company’s scenario analysis

on the EAG’s cumulative ICERs, the impact on the final ICER was considerable, ranging from -

_, depending on the assumptions used (Table 50).

Table 49. EAG's preferred model assumptions

Preferred assumption

Company base case

1.

Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without
imputation.

Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without
imputation.

Assuming that empagliflozin does not have an effect on overall survival but has
an effect on CV mortality.

Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without
imputation.

Assuming that empagliflozin does not have an effect on overall survival but has
an effect on CV mortality.

Using the age-related decrements from Ara and Brazier 2010.

Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without
imputation.

Assuming that empagliflozin does not have an effect on overall survival but has
an effect on CV mortality.

Using the age-related decrements from Ara and Brazier 2010.

Using the EBO3E code to cost HHF in the model, rather than using weighted
mean derived from national FCEs for more severe HHFs events.

Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without
imputation.

Assuming that empagliflozin does not have an effect on overall survival but has
an effect on CV mortality.

Using the age-related decrements from Ara and Brazier 2010.

Using the EBO3E code to cost HHF in the model, rather than using weighted
mean derived from national FCEs for more severe HHFs events.

Using a unit cost for CV death in the model of £1,452 (with the cost of sudden
death assumed to be zero).

Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without
imputation.

Assuming that empagliflozin does not have an effect on overall survival but has
an effect on CV mortality.

Using the age-related decrements from Ara and Brazier 2010.

Using the EBO3E code to cost HHF in the model, rather than using weighted
mean derived from national FCEs for more severe HHFs events.

Using a unit cost for CV death in the model of £1,452 (with the cost of sudden
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death assumed to be zero).

6. Assuming HHF impact patients’ QoL for 11 weeks after hospitalisation.

1. Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without
imputation.

2. Assuming that empagliflozin does not have an effect on overall survival but has

an effect on CV mortality.
3. Using the age-related decrements from Ara and Brazier 2010.

Section 4.2.8 [

4. Using the EBO3E code to cost HHF in the model, rather than using weighted
mean derived from national FCEs for more severe HHFs events.

5. Using a unit cost for CV death in the model of £1,452 (with the cost of sudden
death assumed to be zero).

7. Assuming HHF impact patients’ QoL for 6 months year after hospitalisation.

1. Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without
imputation.

2. Assuming that empagliflozin does not have an effect on overall survival.

3. Using the age-related decrements from Ara and Brazier 2010.

4. Using the EBO3E code to cost HHF in the model, rather than using weighted Section O
mean derived from national FCEs for more severe HHFs events. 4.2.6.7

5. Using a unit cost for CV death in the model of £1,452 (with the cost of sudden
death assumed to be zero).

6. Assuming HHF impact patients’ QoL for 11 weeks after hospitalisation.

8. Assuming that empagliflozin does not have an effect on CV mortality.

1. Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without
imputation.

2. Assuming that empagliflozin does not have an effect on overall survival.

3. Using the age-related decrements from Ara and Brazier 2010.

4. Using the EBO3E code to cost HHF in the model, rather than using weighted Section N
mean derived from national FCEs for more severe HHFs events. 4.2.6.7

5. Using a unit cost for CV death in the model of £1,452 (with the cost of sudden
death assumed to be zero).

7. Assuming HHF impact patients’ QoL for 6 months year after hospitalisation.
8. Assuming that empagliflozin does not have an effect CV mortality.

Abbreviations: EAG, evidence review group; ICER, incremental cost-effectiveness ratio; QALY, quality adjusted life year

Table 50. EAG’s preferred model assumptions when assuming that the TPs between KCCQ-CSS
quartiles for patients on treatment are the same as those for patients off treatment from month 9
onwards in the model

lati
Section in SHUTIE LD

Preferred assumption ICER

EAG report (E/QALY)

1. Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without

imputation.
2. Assuming that empagliflozin does not have an effect on overall survival but has

an effect on CV mortality. Section 4.2.8 [ ]
3. Using the age-related decrements from Ara and Brazier 2010.

4. Using the EBO3E code to cost HHF in the model, rather than using weighted
mean derived from national FCEs for more severe HHFs events.
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5. Using a unit cost for CV death in the model of £1,452 (with the cost of sudden
death assumed to be zero).

6. Assuming HHF impact patients’ QoL for 11 weeks after hospitalisation.
1. Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without
imputation.

2. Assuming that empagliflozin does not have an effect on overall survival but has

an effect on CV mortality.
3. Using the age-related decrements from Ara and Brazier 2010.

Section 4.2.8 [

4. Using the EBO3E code to cost HHF in the model, rather than using weighted
mean derived from national FCEs for more severe HHFs events.

5. Using a unit cost for CV death in the model of £1,452 (with the cost of sudden
death assumed to be zero).

7. Assuming HHF impact patients’ QoL for 6 months year after hospitalisation.

1. Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without
imputation.

2. Assuming that empagliflozin does not have an effect on overall survival.

3. Using the age-related decrements from Ara and Brazier 2010.

4. Using the EBO3E code to cost HHF in the model, rather than using weighted Section O
mean derived from national FCEs for more severe HHFs events. 4.2.6.7

5. Using a unit cost for CV death in the model of £1,452 (with the cost of sudden
death assumed to be zero).

6. Assuming HHF impact patients’ QoL for 11 weeks after hospitalisation.
8. Assuming that empagliflozin does not have an effect on CV mortality.

1. Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without
imputation.

2. Assuming that empagliflozin does not have an effect on overall survival.
3. Using the age-related decrements from Ara and Brazier 2010.

4. Using the EBO3E code to cost HHF in the model, rather than using weighted Section O
mean derived from national FCEs for more severe HHFs events. 4.26.7

5. Using a unit cost for CV death in the model of £1,452 (with the cost of sudden
death assumed to be zero).

7. Assuming HHF impact patients’ QoL for 6 months year after hospitalisation.
8. Assuming that empagliflozin does not have an effect CV mortality.

Abbreviations: EAG, evidence review group; ICER, incremental cost-effectiveness ratio; QALY, quality adjusted life year

The EAG also produced a list of issues requiring additional clarification or further analysis from the

company. These have been discussed in detail throughout Section 4 and are listed below:

1. The EAG remains unclear if and why KCCQ-CSS data beyond 52 weeks in the model were
not collected and asks that the company clarifies this. Crucially, the EAG asks that the
company provides the distribution of the missing KCCQ-CSS observations, with a
description of when end of treatment occurred for these patients. These data should
help clarifying the number of missing observations and when these occurred (and thus

for how many timepoints the LOCF imputed values were used).
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2. The EAG recommends that the company undertakes a scenario analysis where HHF KM
data from EMPEROR-Preserved is used to model time to HHF in the model. Using the KM
HHF data would allow the company to fit a parametric survival curve to the data and
extrapolate into the model’s time horizon without having to assume a constant rate of
HHF; a constant treatment effect with empagliflozin; and would allow first and

subsequent HHF events to be modelled separately.

3. The final Poisson regression used in the model included two predictors: the time-varying
KCCQ-CSS states; and treatment received. The EAG found a mistake in the predictors’
coefficients reported in Table 32 of the CS, hence, asks that the company confirms what
are the correct values and provides the corresponding p-values associated with the

latter.

6.3 Conclusions of the cost effectiveness sections

Two key areas of uncertainty remain in the economic analysis: the effect of empagliflozin on

patients’ survival and the long-term effect of empaglifliozin on patients’ change in KCCQ-CSS scores.

The scenario analysis provided by the company help mitigate, at least partially, these areas of
uncertainty. However, depending on the assumptions made, the EAG-preferred ICER falls within a

wide range of_ per QALY gained. Therefore, the EAG recommends that

the committee validates the following assumptions:

1. Is empagliflozin likely to reduce CV mortality compared to SoC?
a. If the answer to the above question is yes, then the EAG notes that there are two
possible implications for non-CV deaths in this population:
i. Either the CV deaths prevented in the empagliflozin arm do not translate

into a reduction in overall mortality for these patients - given the age of the
HFmrEF/HFpEF population, and the presence of several comorbidities, the
proportion of patients who don’t die of a CV cause die in a similar time
frame of a non-CV cause, therefore suggesting that there will be more non-
CV deaths for empagliflozin than SoC patients — in this case, it is crucial that

the cost of a CV and non-CV death is incorporated into the economic
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analysis, to assess the cost-effectiveness of “replacing” an equal number of
CV deaths with non-CV deaths for empagliflozin patients. Or;

ii. The CV deaths prevented in the empagliflozin arm translate into a reduction
in overall mortality for these patients vs SoC patients — the proportion of
patients who don’t die of a CV cause end up dying much later of a non-CV
cause, and a similar proportion of empagliflozin and SoC patients die of non-
CV causes in the shorter term.

b. If the answer to question 1 is no, then there is no difference in CV or non-CV deaths
for empagliflozin and SoC patients.
2. The duration of the impact of empagliflozin on patients’ KCCQ-CSS scores.

3. The duration of the impact of HHF events on patients’ quality of life.

The EAG maintains its view that using the KM HHF data from EMPEROR-Preserved (independent
from KCCQ-CSS states) would have allowed the company to estimate long-term HHF by relying on
observed data and not assuming a constant rate of HHF. Importantly, the use of KM data would have
allowed the company to model time to first and subsequent HHF separately and that this could be of

importance given the results seen in EMPEROR- Preserved for the ITT population.
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8 Appendices

8.1 Proportion of patients dead in the model

The EAG notes that the impact of empagliflozin on patients’ overall survival is small in the company’s
base. Given that the difference in CV deaths between the empagliflozin arm and the SoC arm is
larger than the difference in overall deaths (Figure 9), non-CV deaths (obtained as all cause-deaths

minus CV deaths) are, by default, higher in the empagliflozin arm of the model than in the SoC arm.

When empagliflozin is assumed to not have an impact on patients’ overall survival, but the benefit of
the treatment on CV mortality is maintained, by default, the non-CV mortality in the SoC arm of the

model decreases, increasing the ICER (Figure 10).

Figure 17. Company’s base case
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Figure 18. EAG scenario — all cause mortality assumed to be the same across treatment arm
empagliflozin reduced CV mortality
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Figure 19. EAG scenario — no overall survival benefit associated with empagliflozin
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8.2 Validation of model outcomes in EAG scenarios

Table 51. QALY gain in the economic model

. EAG preferred EAG preferred EAG preferred
EAG preferred assumptions . . . . . .
+ Assuming that assumptions + Assuming assumptions + Assuming assumptions + Assuming
. . that empaglifiozin has a that empagliflozin does that empagliflozin does
EMPEROR- empagliflozin has a benefit . )
Base case . . benefit on CV mortality + not have an effect on not have an effect on
Preserved on CV mortality + Assuming . . . . ) :
. . Assuming HHF impact mortality + Assuming HHF  mortality + Assuming HHF
HHF impact patients’ QoL . , : : ) : . )
for 11 weeks after HFF patients’ QoL for 6 months impact patients’ QoL for 11 impact patients’ QoL for 6
year after HFF weeks after HFF months year after HFF

At week 52
(year 1) L
At week 104
(year 2) L
At week 156
(year 3) L
At week 208
(year 4) L
At week 260
(year 5) L
At week 312
(year 6) L
I
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Table 52. Comparison of total number of HHF observed in the trial and those predicted in the cost-effectiveness model

EAG preferred assumptions +
Assuming that empagliflozin does
not have an effect on mortality

EAG preferred assumptions +
Assuming that empagliflozin has a
benefit on CV mortality

EMPEROR-preserved CE model - base case

orns M Placebo Empaglifioz " 1aceko Empaglifiozi  ©acebo
Em;_)agll Placebo SoC (For +SoC in + SoC +SoC (For n + SoC (For +SoC
flozin+ | +SoC (For the the (For the -
_ _ the . (For the . the . Difference
SoC (N= | (N=2,99 . equivale ; equivalen ; equivale
2,997) 1) equivalen nt N= equivalent t N= equivalent nt N=
’ tN= N=2,997) N=2,997)
2,997) 2,991) 2,991) 2,991)

Total number of
HHF (first and B
subsequent) over
26 months
Total number of
HHF (first and
subsequent) over L L L L L L H H H
3 years
Total number of
HHF (first and
subsequent) over L L L L L L L L L
3.58 years
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Table 53. Comparison of total number of deaths in the trial and those predicted in the cost-effectiveness model

EAG preferred assumptions + EAG preferred assumptions +
EMPEROR-preserved CE model - base case Assuming that empagliflozin has a = Assuming that empagliflozin does
benefit on CV mortality not have an effect on mortality

Empagliflo | Placebo

Placebo Placebo Empaglif

Empagliflo +SoC zin + SoC | +SoC (For Empagliflo +SoC lozin + Placebo
zin + SoC (N=2,991 Difference (For the the Difference zin + SoC (N=2,991 Difference SoC (N= +SoC Difference
(N=2,997) ) ’ equivalent equivalent (N=2,997) ) ’ 2,097) (N=2,991)
N= 2,997) N=2,991) ’
Total number of
cv dﬁaths at26 H | | | | | | | | | | |
months

Total number of
CV deaths at 3 | | | | | [ | | | [ | | | |

years

Total number of
CV deaths over | | | | | [ | | | [ | | | |

3.5 years

Total number of
overall deaths [ ] [ | | [ | [ ] [ | [ | [ | | [ | [ | |

over 3.5 years
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Single Technology Appraisal
Empagliflozin for treating chronic heart failure with preserved or mildly reduced ejection fraction [ID3945]
EAG report — factual accuracy check and confidential information check

“‘Data owners may be asked to check that confidential information is correctly marked in documents created by others in the
evaluation before release.” (Section 5.4.9, NICE health technology evaluations: the manual).

You are asked to check the EAG report to ensure there are no factual inaccuracies or errors in the marking of confidential
information contained within it. The document should act as a method of detailing any inaccuracies found and how they should be
corrected.

If you do identify any factual inaccuracies or errors in the marking of confidential information, you must inform NICE by 5pm on
Monday 5 November 2022 using the below comments table.

All factual errors will be highlighted in a report and presented to the Appraisal Committee and will subsequently be published on the
NICE website with the committee papers.

Please underline all confidential information, and separately highlight information that is submitted as ’'commercial in confidence’ in
turquoise, all information submitted as ‘academic in confidence' in yellow, and all information submitted as ‘depersonalisedidata’ in
pink.



https://www.nice.org.uk/process/pmg36/chapter/developing-the-guidance#information-handling-confidential-information

Issue 3

Description of problem Description of proposed Justification for EAG response
amendment amendment
Pg 16, text states “The EAG | Propose deleting text “visual” fits as Statistical and visual fits of Not a factual inaccuracy.
notes that it has not seen any | this information was provided. time to first heart failure No change required.
measures of fit (statistical or | Signpost provision of visual fits for hospitalisation was provided NP
visual) to the different models | HHF rates over time. in Appendix N, Section 6.2 The Eﬁ\ct; l;nr?lntalnts s
used by the company, so it and Clarification Questions view that I 1as Not seen
cannot assess the fit of the QB10b, Figure 5 * | the different parametric
models, and the respective ’ ' models fitted to the
underlying hazard.” underlying KM HHF data

used by the company in

The company should provide : . .
this analysis. Figure 5 of

the additional analysis

requested above, by first and the clarification
subsequent event. The document shows the
company should also provide hazard extrapolations
measures of fit (statistical and from each parametric
visual) of the parametric used model, whereas Section
in the analysis and if needed, 6.2 in Appendix N links to
consider the use of different an Excel spreadsheet
survival models. where (as far as the EAG

could ascertain) only the
GEE Poisson models are
provided.




Location of incorrect
marking

Description of incorrect marking

Amended marking

EAG response

CEM post clarification
questions

File name: ID3945
empagliflozin EAG model
25112022CM[ACIC] BI
updated 01 12 2022

Context tab:
No AIC marking

Characteristics Repository:
AIC not underlined

Risk Equations — Active
AIC not underlined

Risk Equations — Storage:
AIC/CIC not underlined

Clinical inputs
AIC not underlined

Underlined and marked in
yellow

The EAG thanks the
company for providing
an updated model with
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1 Introduction

This document provides the additional results requested by NICE resulting from the Evidence

Assessment Group’s (EAG’s) critique of the company’s submission.

2  Additional analysis requested by NICE

The company’s base case assumptions regarding the impact of empagliflozin on survival are the

following:

A. Empagliflozin has an indirect impact on patients’ overall survival (OS) and an indirect impact
on CV-related mortality through its improvement in KCCQ-CSS (i.e., patients receiving
empagliflozin have better KCCQ-CSS and therefore have a lower probability of dying of CV or
non-CV causes).

B. Empagliflozin has a direct impact on patients CV-related mortality (i.e., patients receiving
empagliflozin have a lower probability of dying of CV-related causes), independent of the
improvement in the KCCQ-CSS.

C. Empagliflozin does not directly impact overall survival (i.e., being on treatment does not

directly increase patients’ probability of overall survival).

As noted in the EAG report, the EAG disagrees with the assumption made by the company regarding
an indirect effect of empagliflozin on OS through KCCQ-CSS. Given the KM OS data reported in Figure
1, which shows that survival was similar in the two arms of the EMPEROR-Preserved trial; and clinical
expert opinion, the EAG considers that including a treatment benefit associated with empagliflozin

on OS is unsubstantiated.

As also discussed in the EAG report, even though the company did not provide a clinical rationale to
reconcile point B and point C, the EAG considers these could be reconciled through the fact that
patients with HFmrEF/HFpEF have several comorbidities, thus the proportion of patients who do not
die of a CV cause die in a similar time frame of a non-CV cause, therefore, the reduction seen in CV

deaths for empagliflozin patients might not translate into an overall survival gain.

During the pre-meeting briefing (PMB), the NICE technical team requested that the following two

scenarios were undertaken: 1) empagliflozin affects the direct and indirect probability of patients
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dying of CV or other causes; or 2) empagliflozin has no impact on survival (whether overall of CV-

1
®
Q
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o

These results can potentially be explained by the OS curves in Figure 1, and the close number of
events in both curves (a total of 422 [14.1%] patients died in the empagliflozin arm of EMPREROR-
Preserved, while 427 [14.3%)] patients died in the placebo arm), which overall, indicate that deaths
are very similar and not statistically significantly different across treatment arms (HR of 0.99; 95%

confidence interval of 0.865 to 1.131).

Table 1. Weibull regression for OS, ITT population from EMPEROR-Preserved

Covariate ‘ Coefficient p-value

Shape

Scale

Treatment effect Empagliflozin
10 mg (reference placebo)

KCCQ-CSS: (Quartile 2 vs Quartile 1)
KCCQ-CSS: (Quartile 3 vs Quartile 1)
KCCQ-CSS: (Quartile 4 vs Quartile 1)

Figure 1. Observed OS data in EMPEROR-Preserved (reproduced from Figure 19, CS).
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Treatment Flacebo = Empagliflozin 10mg

E 75%
]
(3]
]
b
a 50%
I
=
=
= 25%

0% A

0 g 10 15 20 25 30 35 40 45 50
Time (in months)

= MNumber at risk
1]
E 2990 2936 2869 2621 2123 1602 1071 510 9 a 0
® Empaolifiozin 10mo1{ 2997 2944 2877 2611 2099 1609 1076 502 99 6 0
= 0 g 10 15 20 25 30 35 40 45 50

Time (in months)

Therefore, the EAG has no means of conducting a scenario analysis where empagliflozin has a direct
benefit on OS. Furthermore, a scenario incorporating a direct effect of empagliflozin on OS, using the
same approach as the company has for CV mortality, would result in a survival benefit for placebo —
the EAG does not consider this clinically plausible. Therefore, the EAG maintained its two original

scenario analysis where:

1. Empagliflozin does not have an effect on overall survival (directly or indirectly) or on CV
mortality.

2. Empagliflozin does not have an effect on overall survival but has an effect on CV mortality.
As acknowledged by the EAG in its original report, the KM curves from EMPEROR-Preserved
for CV survival do not provide sufficient evidence to substantiate empagliflozin having an
impact on patients’ survival compared to SoC patients. However, clinical expert opinion
consistently reported the plausibility of empagliflozin reducing patients’ CV-related
mortality. Therefore, the EAG provided ICERs with its preferred assumptions with and

without the benefit of empagliflozin on CV mortality.
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The EAG has provided a detailed discussion in its original report regarding the plausibility of scenario

2, which the EAG replicates here to aid the discussion.

It is possible the due to the age of the HFmrEF/HFpEF population (72 years in the EMPEROR-
Preserved trial and expected to be close to 80 years in clinical practice) and the presence of several
comorbidities in this population (for example, about 50% of patients in the trial had type Il diabetes
at baseline), the CV deaths potentially avoided by empagliflozin are “replaced” by non-CV deaths
within a similar timeframe. Therefore, the EAG recommends that the committee validates the

following assumptions:

1. Is empagliflozin likely to reduce CV mortality compared to SoC?
a. If the answer to the above question is yes, then the EAG speculates that there are
two possible implications for non-CV deaths in this population:

i. Either the CV deaths prevented in the empagliflozin arm do not translate
into a reduction in overall mortality. Or;

ii. The CV deaths prevented in the empagliflozin arm translate into a reduction
in overall mortality for these patients vs SoC patients — the proportion of
patients who don’t die of a CV cause end up dying much later of a non-CV
cause, and a similar proportion of empagliflozin and SoC patients die of non-
CV causes in the shorter term. The EAG notes that the evidence available
(the EMPEROR-Preserved trial data and clinical expert opinion provided to
the EAG) does not support this scenario. Therefore, as discussed in the EAG
report, the EAG preferred assumption is to assume no impact on OS
associated with empagliflozin.

b. If the answer to question 1 is no, then there is no difference in CV or non-CV deaths

for empagliflozin and SoC patients.

2.1 EAG preferred assumptions
As discussed in the EAG report, the EAG’s preferred assumptions are:
1. Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without imputation.
2. Assuming that empagliflozin does not have an effect on overall survival (and not changing

the company’s base case assumption that empagliflozin impacts CV mortality).

3. Using the age-related decrements from Ara and Brazier 2010.
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4. Using the EBO3E code to cost HHF in the model, rather than using weighted mean derived
from national FCEs for more severe HHFs events.
5. Using a unit cost for CV death in the model of £1,452 (with the cost of sudden death

assumed to be zero).
In addition to the assumptions listed above, the EAG conducted one set or alternative scenarios:

6. Assuming HHF impact patients’ QoL for 11 weeks after hospitalisation.

7. Assuming HHF impact patients’ QoL for 6 months year after hospitalisation.
Finally, the EAG conducted the alternative combined scenarios described above with the following:

8. Assuming that empagliflozin has no effect on overall survival and on CV mortality. The EAG
reinforces its view that the evidence available from the EMPEROR-Preserved trial data does
not support a effect of empagliflozin on survival (CV or non-CV related), and it is only clinical
expert opinion that suggests the treatment might impact CV mortality. Therefore, the EAG
considers that the most appropriate base case ICER will depend on the committee’s view on

the latter issue.

When empagliflozin is assumed to have an impact on CV mortality (but not on overall survival), the

cumulative EAG-preferred assumptions result in a final ICER of _

_, depending on the duration of the impact of a HHF event on patients’ quality of life

(Table 2). When empagliflozin is assumed to not have an impact on CV mortality (or overall survival),

the cumulative EAG-preferred assumptions result in a final ICER of ||| | GczczEzzING
_, depending on the duration of the impact of a HHF event on patients’ quality of
life (Table 2). Given how similar the deterministic base case results are to the probabilistic results,

the EAG did not present probabilistic results of the exploratory analysis conducted.

Table 2. EAG’s preferred model assumptions

Section in | Cumulative | Net health Net health
Preferred assumption EAG ICER benefit £20K benefit £30K
report (E/QALY) threshold threshold
Company base case Section 5 £14,429 0.03 0.05
1. Use the observed KCCQ-CSS TPs data from Section
EMPEROR-Preserved without imputation. 4.2.61 and [

4.26.2
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2. Use the observed KCCQ-CSS TPs data from
EMPEROR-Preserved without imputation.

Section
3. Assuming that empagliflozin does not have an 4267 - -
effect on overall survival but has an effect on CV o
mortality.

1. Use the observed KCCQ-CSS TPs data from
EMPEROR-Preserved without imputation.
2. Assuming that empagliflozin does not have an Section
effect on overall survival but has an effecton CV " [ [ ]
mortality.
3. Using the age-related decrements from Ara and
Brazier 2010.

1. Use the observed KCCQ-CSS TPs data from
EMPEROR-Preserved without imputation.

2. Assuming that empagliflozin does not have an
effect on overall survival but has an effect on CV Section

mortality. 4.3.1.2 and
3. Using the age-related decrements from Ara and Section . L
Brazier 2010. 4.3.1.3

4. Using the EBO3E code to cost HHF in the model,
rather than using weighted mean derived from
national FCEs for more severe HHFs events.

1. Use the observed KCCQ-CSS TPs data from
EMPEROR-Preserved without imputation.

2. Assuming that empagliflozin does not have an
effect on overall survival but has an effect on CV

mortality.
. Section
3. Using the age-related decrements from Ara and 4314 and .
Brazier 2010. s.e(;ti;)n

4. Using the EBO3E code to cost HHF in the model, 4315,
rather than using weighted mean derived from
national FCEs for more severe HHFs events.
5. Using a unit cost for CV death in the model of
£1,452 (with the cost of sudden death assumed
to be zero).

1. Use the observed KCCQ-CSS TPs data from
EMPEROR-Preserved without imputation.

2. Assuming that empagliflozin does not have an
effect on overall survival but has an effect on CV
mortality.
3. Using the age-related decrements from Ara and
Bra.mer 2010. | Section . .
4. Using the EBO3E code to cost HHF in the model,  4.2.8
rather than using weighted mean derived from
national FCEs for more severe HHFs events.
5. Using a unit cost for CV death in the model of
£1,452 (with the cost of sudden death assumed
to be zero).

6. Assuming HHF impact patients’ QoL for 11 weeks

BM) TAG ety



after hospitalisation.

1. Use the observed KCCQ-CSS TPs data from
EMPEROR-Preserved without imputation.
2. Assuming that empagliflozin does not have an
effect on overall survival but has an effect on CV
mortality.
3. Using the age-related decrements from Ara and
Brazier 2010. )
] ) Section
4. Using the EBO3E code to cost HHF in the model, 428 - -
rather than using weighted mean derived from
national FCEs for more severe HHFs events.
5. Using a unit cost for CV death in the model of
£1,452 (with the cost of sudden death assumed
to be zero).
7. Assuming HHF impact patients’ QoL for 6 months
year after hospitalisation.

1. Use the observed KCCQ-CSS TPs data from
EMPEROR-Preserved without imputation.
2. Assuming that empagliflozin does not have an
effect on overall survival.
3. Using the age-related decrements from Ara and
Brazier 2010.
4. Using the EBO3E code to cost HHF in the model,
rather than using weighted mean derived from Section
national FCEs fgr mogr]e severe HHFs events. 426.7 - -
5. Using a unit cost for CV death in the model of
£1,452 (with the cost of sudden death assumed
to be zero).
6. Assuming HHF impact patients’ QoL for 11 weeks
after hospitalisation.
8. Assuming that empagliflozin does not have an
effect on CV mortality.

1. Use the observed KCCQ-CSS TPs data from
EMPEROR-Preserved without imputation.

2. Assuming that empagliflozin does not have an
effect on overall survival.

3. Using the age-related decrements from Ara and
Brazier 2010.

4. Using the EBO3E code to cost HHF in the model,
rather than using weighted mean derived from Section
national FCEs for more severe HHFs events. 4.26.7 . .

5. Using a unit cost for CV death in the model of
£1,452 (with the cost of sudden death assumed
to be zero).

7. Assuming HHF impact patients’ QoL for 6 months
year after hospitalisation.

8. Assuming that empagliflozin does not have an
effect CV mortality.
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Abbreviations: EAG, evidence review group; ICER, incremental cost-effectiveness ratio; QALY,
quality adjusted life year

3 Additional figures requested by NICE

Figure 2. Observed all-cause mortality data in EMPEROR-Preserved (zoomed in)

All-cause Mortality

Survival

Time (months)

=—Empa (KM)

SoC (KM)

Figure 3. Observed all-cause mortality data in EMPEROR-Preserved (0 -1 scale, taken from CS, Figure
11)
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Treatment = Placebo = Empagliflozin 10mg

100% 1
E T5% 1
O
[4]
O
e
O 50% 1
™
=
=
= 25% 1
0% 1
0 5 10 15 20 25 30 35 40 45 50
Time (in months)
= Number at risk
18]
E Flacebo1 2990 2936 2869 2621 2123 1602 1071 510 91 8 0
$ Empaglifiozin 10mo 1 2997 2944 2877 2611 2099 1603 1076 502 99 6 0
= 0 5 10 15 20 25 30 35 40 45 50
Time (in months)
Figure 4. Observed CV-related mortality data in EMPEROR-Preserved (zoomed in)
CV Mortality
1.0
1.0
0.9
§ 0.9
0.8
0.8
0.7
0 5 10 15 20 25 30 35 40 45 50
Time (Months)
——— Empa (KM) SoC (KM)

Figure 5. Observed CV-related mortality data in EMPEROR-Preserved (0 -1 scale, taken from CS,

Figure 12)
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Treatment = Placebo = Empagliflozin 10mg

100% A
E 75% -
]
(3]
]
b
a 50%
I
=
=
= 25% -

0% A

0 g 10 15 20 25 30 35 40 45 50
Time (in months)

= Number at risk
1]
E Flaceboq 2990 2936 2869 2621 2123 1602 1071 510 9 a 0
® Empaolifiozin 10mo{ 2997 2944 2877 2611 2099 1609 1076 502 99 6 0
= 0 E 10 15 20 25 a0 35 40 45 50

Time (in months)
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Scenarios assessing direct and indirect treatment effect of empagliflozin on CV and all-cause

deaths:

The table below outlines the ICER outcomes depending on empagliflozin treatment effect

assumptions. The scenarios include the EAGs preferred assumptions and assuming that HHF events

impact patients' quality of life by 2.75 months

Increment |Increment |Increment ICER
al costs alLYG al QALYs

CV death: Direct
and indirect effect

CV death: Direct
and indirect effect

CV death: Direct
and indirect effect

CV death: Direct
and indirect effect

CV death: Direct
and indirect effect

CV death: Direct
and indirect effect
CV death: Indirect

effect only

CV death: Indirect
effect only

CV death: No
effect®

CV death: No
effect®

All-cause deaths:
Direct and
indirect effect

All-cause deaths:
Direct and
indirect effect

All-cause deaths:
Indirect effect
only

All-cause deaths:
Indirect effect
only

All-cause deaths:
Indirect effect
only

All-cause deaths:
No effect

All-cause deaths:
No effect

All-cause deaths:
Indirect effect
only

All-cause deaths:
No effect*

All-cause deaths:
No effect*

Non-CV death
cost included

Non-CV death
cost not included

Non-CV death
cost included

Non-CV death
cost not included

Non-CV death
cost included

Non-CV death
cost not included
Non-CV death

cost included

Non-CV death
cost not included

Non-CV death
cost included

Non-CV death
cost not included

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA, not applicable. These scenarios cannot be run due to the structure of the empagliflozin model. *The removal of the indirect
treatment effect reflects there is no survival benefit from KCCQ health state occupancy in addition to the removal of the indirect

treatment effect.
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1 Introduction

This document provides the additional results requested by NICE resulting from the Evidence

Assessment Group’s (EAG’s) critique of the company’s submission.

2 Additional analysis requested by NICE

The NICE technical team requested that the following scenario was undertaken: empagliflozin affects

the direct and indirect probability of patients dying of CV or other causes.

In order to conduct the scenario requested, the treatment coefficient in the Weibull risk equations
used to estimate OS in the model has to be used (as in the company’s base case the coefficient was
set to zero). The EAG notes that the treatment effect coefficient is - - therefore

indicating that patients on placebo have a survival - compared to patients on empagliflozin.
2.1 EAG preferred assumptions
As discussed in the EAG report, the EAG’s preferred assumptions are:
1. Use the observed KCCQ-CSS TPs data from EMPEROR-Preserved without imputation.
2. Using the age-related decrements from Ara and Brazier 2010.
3. Using the EBO3E code to cost HHF in the model, rather than using weighted mean derived
from national FCEs for more severe HHFs events.

4. Using a unit cost for CV death in the model of £1,452 (with the cost of sudden death

assumed to be zero).
In addition to the assumptions listed above, the EAG conducted one set or alternative scenarios:

5. Assuming HHF impact patients’ QoL for 11 weeks after hospitalisation.

6. Assuming HHF impact patients’ QoL for 6 months year after hospitalisation.

Finally, the EAG conducted the alternative combined scenarios described above with the following:
Assuming that empagliflozin affects the direct and indirect probability of patients dying of CV or

other causes.

Table 1. EAG’s preferred model assumptions
Preferred assumption Incremental | Incremental | Cumulative Net health Net health
P costs QALYs ICER benefit benefit
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(£/QALY) £20K £30K
threshold threshold

Company base case £14,429

1. Use the observed KCCQ-CSS TPs
data from EMPEROR-Preserved
without imputation.

2. Using the age-related decrements
from Ara and Brazier 2010.

3. Using the EBO3E code to cost HHF
in the model, rather than using
weighted mean derived from
national FCEs for more severe
HHFs events.

4. Using a unit cost for CV death in [ | [ I [ | I
the model of £1,452 (with the cost
of sudden death assumed to be
zero).

5. Assuming HHF impact patients’
QoL for 11 weeks after
hospitalisation.

6. Assuming that empagliflozin affects
the direct and indirect probability of
patients dying of CV or other
causes.

1. Use the observed KCCQ-CSS TPs
data from EMPEROR-Preserved
without imputation.

2. Using the age-related decrements
from Ara and Brazier 2010.

3. Using the EBO3E code to cost HHF
in the model, rather than using
weighted mean derived from
national FCEs for more severe
HHFs events.

4. Using a unit cost for CV death in [ [ [ [ ] [ |
the model of £1,452 (with the cost
of sudden death assumed to be
zero).

7. Assuming HHF impact patients’
QoL for 6 months year after
hospitalisation.

8. Assuming that empagliflozin affects
the direct and indirect probability of
patients dying of CV or other
causes.

Abbreviations: EAG, evidence review group; ICER, incremental cost-effectiveness ratio; QALY, quality
adjusted life year

BMJ TAG



Increment |Increment |Increment ICER
al costs alLYG al QALYs

All cause

CV death: Direct mortality : Direct Non-CV death

and indirect effect  and indirect cost not included - - - -
effect

CV death: Direct All cause Non-CV death

and indirect effect mortality: Indirect cost not included - - - -
effect only
All cause

CV death: Indirect mortality : Non-CV death

effect only Indirect effect cost not included . . . .
only
All cause

CV death: No Non-CV death

lity : N
effect* emf?er:j*lty © cost not included . 1 - .
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