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Abstract

When novel treatments prove more effective than standard therapies, a swift and
effective implementation is needed to reach cost-effectiveness and to benefit
eligible patients. Meanwhile, women and elderly are often under-represented in
clinical trials, which creates a knowledge gap on how to optimize treatment in
clinical practice. The arrival of the angiotensin receptor-neprilysin inhibitor
sacubitril-valsartan to patients with chronic heart failure and reduced ejection
fraction (HFrEF) offered an opportunity to develop and test a new systematic
introduction approach, as well as to investigate eligibility and management of
sacubitril-valsartan in clinical practice. The aims of this thesis were to investigate
obstacles to implement sacubitril-valsartan in a real-world heart failure
population, as well as to develop a systematic and effective method to implement
novel treatments in patients with chronic disease.

With an observational cross-sectional study design, patients were retrospectively
included if they had a heart failure diagnosis, living within the Umea University
Hospital catchment area, and had at least one visit at the Heart Centre or
Department of internal medicine between January 2010 and March 2016.
Eligibility to sacubitril-valsartan was based on the enrollment criteria applied in
the landmark trial, PARADIGM-HF. We showed that the primary obstacle to
implement sacubitril-valsartan was that only a quarter of the real-world HFrEF
population was eligible. The most prominent difference was that real-world
patients were significantly older compared with the PARADIGM-HF population.
Disproportionally many patients, especially women, were ineligible for sacubitril-
valsartan due to intolerance of renin-angiotensin system inhibitors in target
doses. With multivariable linear regression analyses, we showed that the lower
target doses in women were explained by biological sex differences.

Management of heart failure treatment involve many titration steps that risk
stressing the resources of both healthcare and patients. We prospectively
investigated a direct switch to maximum dose sacubitril-valsartan in patients who
tolerated target dose renin-angiotensin system inhibitors (equivalent to enalapril
10 mg twice daily). We showed that the simplified introduction was safe and
generally well tolerated during the first year.

The systematic introduction approach is a seven-step procedure:

1) define a few main criteria

2) primary scan patients with the one or two main criteria using
computerized medical records/databases/clinical registries

3) identify patients applying the other predefined criteria

4) evaluate if any examinations/laboratory test updates are required
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5) summon identified patients with an information letter
6) discuss treatment with the patient and prescribe if appropriate
7) follow-up on initiated therapy and evaluate the process.

We evaluated the approach with a mixed method, including both a case study of
the sacubitril-valsartan implementation and an interview study with qualitative
content analysis. The new systematic introduction approach effectively
implemented sacubitril-valsartan in clinical practice, by identifying eligible
patients with limited resources and time. The patients were overall satisfied with
the new approach and their confidence in healthcare was maintained.

In conclusion, we found that the strict inclusion criteria in the PARADIGM-HF
trial would exclude a majority of patients with heart failure if they are
implemented and that these criteria have an inherent bias versus the old and the
frail, which in turn disproportionately affects women. We further found that
patients who are on maximum recommended dose of renin-angiotensin system
inhibitors can be safely switched to maximum dose sacubitril-valsartan and that
our method of systematic introduction was effective in implementing sacubitril-
valsartan to a heart failure population.

The approach is a promising example of how to reduce the gap between clinical
trials and clinical practice in patients with chronic disease.
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Enkel sammanfattning pa svenska

Nar nya lakemedel och behandlingar godkinns har de studerats i kliniska studier
och ofta visat battre effekt dn redan tillgdngliga behandlingar. Darfor ar det
viktigt att dessa effektivare behandlingar snabbt och effektivt borjar anvindas i
varden. Nya behandlingar innebar dock ofta en 6kad kostnad. For att anvinda
samhillets resurser pa bista sitt géller det att riatt patienter far tillgang till
relevant behandling inom rimlig tid.

Att introducera ett nytt lakemedel i varden kallas implementering. Vanligen
innebar detta att patienten méste komma till doktorn for att f& en bedomning om
en ny behandling kan vara ldmplig. Detta kraver att den enskilde doktorn har
kunskap om den nya behandlingen och dessutom ar uppméarksam pa om just den
patient de har framfor sig skulle kunna ha nytta av behandlingen. Detta ar ett
sarskilt stort problem nir den nya behandlingen ar tdnkt for patienter med
kronisk sjukdom, som ofta behandlas inom béde primér- och slutenvérd, med
flera olika lakare. Det tar darfor ofta flera ar innan nya likemedel implementerats
i denna patientgrupp.

Vidare finns det ett kdnt problem att kvinnor och éldre dr underrepresenterade i
kliniska studier. Detta skapar ett kunskapsglapp mellan de kliniska studierna och
den kliniska vardagen, eftersom det inte 4r samma patienter som studerats som
sedan ska anvinda behandlingen i klinisk vardag, s.k. klinisk praxis.

Med tillgdng till elektroniska journaler, databaser och register borde
implementering till patienter med kronisk sjukdom kunna goras pa ett mer
systematiskt och effektivt sdtt. Godkdnnandet av det nya likemedlet sacubitril-
valsartan for behandling av kronisk hjartsvikt innebar en mgjlighet att studera
hur implementeringen av ldkemedel kan forbattras till kroniskt sjuka. Mer
specifikt att testa en ny systematisk introduktionsmetod, samt att underscka
vilka patienter som skulle kunna ha nytta av likemedlet och hur inférandet bast
bor utformas i klinisk praxis.

Syftet med denna avhandling ar att undersoka hinder for att implementera
sacubitril-valsartan i klinisk praxis, och att utveckla en systematisk och effektiv
metod for att implementera nya behandlingar hos patienter med kronisk
sjukdom.

Avhandlingen baseras pa journaldata fran Norrlands universitetssjukhus, Ume3,
Sverige. Vi studerade alla patienter med en hjartsviktsdiagnos boende inom
sjukhusets upptagningsomrdde och som hade minst ett vardbesok péa
Hjartcentrum eller Medicinkliniken mellan januari 2010 och mars 2016. For att
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undersoka vilka patienter som skulle kunna ha nytta av sacubitril-valsartan
anviandes studiekriterierna frdn den si kallade PARADIGM-HF-studien, dar
sacubitril-valsartan jamfordes mot standardbehandling hos patienter med
hjartsvikt. Vi visade att det frimsta hindret for att implementera sacubitril-
valsartan var att endast en fjardedel av vara patienter uppfyllde alla kriterier for
att bli erbjuden behandlingen. Den mest framtraddande skillnaden var att Umea-
patienterna var betydligt dldre jamfort med patienterna i PARADIGM-HF-
studien. Vi visade ocksa att oproportionerligt ménga patienter, sarskilt kvinnor,
blev bortvalda eftersom de inte redan behandlades med fulldos basbehandling
med ldkemedel som hdmmar renin-angiotensin-systemet (RAS-hdmmare). Vi
visade att biologiska konsskillnader, som att kvinnorna generellt sett var ildre,
vigde mindre och hade sdmre njurfunktion, forklarade den ligre dos
hjartsviktsmedicin som kvinnorna ofta stod pa. Kvinnor har darfor inte samma
biologiska forutsattningar for att tolerera lika hoga doser som mén.

Att implementera sacubitril-valsartan enligt de behandlingsrekommendationer
som finns innebar flera dosjusteringar. I tilldgg till dosjusteringar av oOvrig
hjartsviktsmedicinering riskerar det att krdva ytterligare resurser fran bade
sjukvarden och patienten sjélv. I vir studie valde vi darfor att direkt byta 6ver till
fulldos sacubitril-valsartan hos patienter som redan stod pa fulldos RAS-
hidmmare. Vi visade att denna forenklade introduktion var siker och Overlag
tolererades vil av patienterna, under de 12 ménader som de foljdes upp.

Den nya systematiska introduktionsmetoden bestér av sju steg:

1) bestdm ndgra fi huvudkriterier
2) gor en primir selektion av patienter med hjélp av elektroniska journaler

3) gorennoggrann selektion av patienter utifran de resterande forbestamda
kriterierna

4) utvirdera om nya undersékningar eller laborationsprover kravs

5) kalla identifierade patienter med ett informationsbrev

6) diskutera behandlingen med patienten och sitt in behandling till
lampliga patienter

7) folj upp patienterna och utvardera processen.

Vi utvirderade hur metoden fungerar i kliniken med en fallstudie och en
intervjustudie. Fallstudien visade att metoden effektivt implementerade
sacubitril-valsartan genom att identifiera patienter som hade nytta av
behandlingen enligt objektiva kriterier och med begriansade resurser.
Intervjustudien visade att patienterna generellt sett var n6jda med metoden att
bli kallad for att diskutera en ny behandling med ett informationsbrev och att de
har fortsatt hogt fértroende for virden.
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Sammanfattningsvis, fann vi att de strikta kriterierna i PARADIGM-HF-studien
sallar bort majoriteten av patienter med hjartsvikt i klinisk vardag. Kriterierna
slér sdrskilt hart mot dldre och skora patienter, vilket i sin tur paverkar andelen
kvinnor oproportionerligt mycket. Vi fann ocksa att patienter som behandlas med
fulldos RAS-hdmmare kan byta over till fulldos sacubitril-valsartan med
bibehéllen sdkerhet och att vir metod for systematisk introduktion effektivt
implementerade sacubitril-valsartan hos en hjartsviktspopulation.

Var nya systematiska metod for att implementera ny behandling ar ett lovande
exempel pa hur det dr mojligt att minska glappet mellan kliniska studier och
klinisk vardag hos patienter med kronisk sjukdom.



Introduction

To bridge the gap between clinical trials and clinical practice

When novel treatments prove more effective than conventional therapies, a swift
and effective implementation is needed to reach cost-effectiveness and to benefit
eligible patients. The implementation process works like a bridge between clinical
trials and initiation in clinical practice.

Implementation to patients with chronic disease is a challenge since they are
often treated both in primary and/or secondary care settings. Previous studies
have shown that the conventional approach to implement novel therapies, when
waiting until the patient visits the doctor, often takes several years [1-13]. In this
thesis, we investigated possibilities of using electronic medical record systems,
databases and local registries in a more systematic way to introduce novel
treatments.

Further, there is a general problem with under-representation of women and
elderly in clinical trials [14, 15]. The under-representation creates a knowledge
gap in how to optimize treatment for women and elderly. We do not know
whether the studied treatments are as effective and safe in real-world patients as
the study result show since the majority of included patients often are middle-
aged men.

The regulatory approval of sacubitril-valsartan in patients with chronic heart
failure and reduced ejection fraction (HFrEF) offered an opportunity to develop
and test a new systematic introduction approach, as well as to investigate
eligibility and management of sacubitril-valsartan in clinical practice. Therefore,
the implementation of sacubitril-valsartan in patients with chronic HFrEF was
used as a model in this thesis.

To better understand the obstacles of heart failure treatment, including sex and
age-related differences in heart failure, a summary of the heart failure syndrome
and the development of available heart failure medications is first presented.



Heart failure

Heart failure is a major global health problem that causes high morbidity,
mortality and costs [16]. It is a leading cause of death and hospitalizations in
developed countries. More than 37.7 million adults are living with heart failure
worldwide and the number is increasing [17-19].

In Sweden, the prevalence of heart failure is about 2%, which corresponds to
about 200,000 persons [20, 21]. The prevalence increases with time and age, with
over 10% suffering from the disorder in those aged >85 years. The mortality is
high with 20-30% 1-year all-cause mortality and about 50% 3-year all-cause
mortality [16, 20]. Additional, the 5-year survival rate from the first recorded
heart failure diagnosis is about 48% [21, 22]. A survival rate as low as several
common cancer diseases [23].

The financial burden of heart failure is immense for the healthcare systems owing
to the high amount of hospitalizations, rehospitalizations and polyclinic visits. In
developed countries the costs for heart failure care is estimated to about 1-3% of
the total healthcare budget [18]. In Sweden, the annual cost for managing
patients with heart failure is estimated to 5.0-6.7 billion Swedish krona [24].

Definition of heart failure

Heart failure is a serious condition in which the heart is unable to supply the
peripheral tissues with enough blood and oxygen to meet their metabolic
demands at normal filling pressures [25]. The diagnosis is defined as a clinical
syndrome with typical symptoms and signs caused by cardiac dysfunction,
resulting in a reduced cardiac output and/or increased intracardiac pressures
[26-28]. The diagnosis is established through symptoms and signs (see Figure 1),
as well as echocardiography examination of any underlying cardiac cause. In
cases where the diagnosis is in doubt, it is confirmed with a favorable effect of
evidence-based heart failure medications.

Symptoms Signs
Breathlessness Rales
Fatigue Peripheral edema
Ortopnea, Nocturnal dyspnea Ascites

Reduced exercise tolerance
Palpitations
Dizziness

Increased weight
Raised jugular venous pressure
Third heart sound

Figure 1. Typical symptoms and signs in heart failure.



Aetiology and classification of heart failure

Heart failure is an end stage syndrome caused by one or several underlying
serious cardiovascular and/or non-cardiovascular diseases. The most frequent
causes for heart failure in developed countries are ischemic heart disease, atrial
fibrillation, and hypertension [25, 26, 29, 30]. In addition, cardiomyopathies,
valvular heart diseases, and diabetes mellitus are common etiologic factors.

Heart failure can be classified according to several different aspects [25, 26].
Classification according to ejection fraction (EF) or systolic/diastolic function are
the most common distinctions. The syndrome can also appear as an acute or
chronic disorder. This thesis focuses mainly on patients with heart failure and
reduced ejection fraction (HFrEF) in chronic condition.

Classification according to ejection fraction

EF is defined as the fraction of end-diastolic volume ejected from the left ventricle
during each contraction [25]. Normal EF is considered as >50% [26]. Patients
suffering from typical symptoms and signs, yet having normal EF are referred to
as heart failure with preserved EF (HFpEF). Patients with reduced EF <40% are
referred to as heart failure with reduced EF (HFrEF). The remaining patients with
EF 40-49% represent a “grey area” defined as heart failure with mid-range EF
(HFmrEF) (see Table 1).

Table 1. Classification of heart failure according to ESC guidelines [26].

Type of HFrEF HFmrEF HFpEF

HF
Symptoms £ Symptoms * Signs?® Symptoms + Signs?®
Signs?

Criteria  EF <40% EF 40-49% EF >50%
- 1. Elevated NPs® 1. Elevated NPs®

2. Relevant structural heart = 2. Relevant structural heart
disease (LVH and/or LAE) disease (LVH and/or LAE)
and/or diastolic and/or diastolic
dysfunction dysfunction
BNP, B-type natriuretic peptide; EF, ejection fraction; ESC, European Society of Cardiology; HF,
heart failure; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with
preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LAE, left atrial
enlargement; LVH, left ventricular hypertrophy; NPs, Natriuretic peptides; NT-proBNP, N-terminal
pro-B type natriuretic peptide.
aSigns may not be present in the early stages of HF (especially in HFpEF) and in patients treated
with diuretics. PBNP >35 pg/ml and/or NT-proBNP >125 pg/mL.



Systolic versus diastolic heart failure

Systolic heart failure differs from diastolic heart failure in several aspects [25]. In
systolic heart failure, the contractility of the left ventricle is impaired, resulting in
a reduced EF. When the left ventricle is unable to contract with enough force,
remodeling occurs. This causes chamber dilation and volume overload leading to
forward failure with increased afterload. Ischemic heart disease,
cardiomyopathies, and heart valve diseases are most often responsible for
development of systolic heart failure.

In diastolic heart failure on the other hand, EF is normal [25-27]. A diastolic heart
has an increased ventricle stiffness due to impairment in the relaxation and filling
of the left ventricle. This causes remodeling with ventricular hypertrophy, leading
to pressure overload and backward failure with increased pulmonary pressure
and lung edema.

Acute versus chronic heart failure

Acute heart failure is recognized as a rapid onset or worsening of heart failure
symptoms/signs (within 24 hours) [26, 27]. It requires urgent hospital admission
with emergency management. Most often acute heart failure occurs as an acute
decompensation of chronic (also called congestive) heart failure but can also
occur, de novo, as a first occurrence. Acute heart failure can be due to e.g. acute
myocardial infarction, dilated cardiomyopathy, and acute pulmonary edema
secondary to cardiac dysfunction. In chronic heart failure, the patients are in
stable condition.

Functional classes

To describe the severity of heart failure symptoms and to guide patient
management the New York Heart Association (NYHA) functional classification is
often used (see Table 2) [26]. Higher classification is associated with poorer
prognosis.

Table 2. New York Heart Association (NYHA) functional classification [31].

NYHA class Symptoms

| No symptoms and no limitation of ordinary physical
activity.

Il Mild symptoms (breathlessness, fatigue, or palpitations)
and slight limitation during ordinary activity.

1 Marked limitation of physical activity. Comfortably only
at rest.

v Severe physical limitations with symptoms even at rest.



Diagnosis of heart failure

In patients with suspected heart failure a detailed history and physical
examination is essential [26]. Electrocardiography (ECG) and natriuretic
peptides (NT-proBNP =125 pg/mL or BNP >35 pg/mL) are used to assess any
cardiac abnormalities. Patient with normal ECG and natriuretic peptides are
unlikely to suffer from heart failure. Patients with abnormalities in ECG or
natriuretic peptides should undergo echocardiography.

Echocardiography is an ultrasound technic where a transducer is used to send
and receive the reflecting sound [32]. The method is used to assess chamber
dimensions, wall thickness, systolic and diastolic function [32, 33]. Systolic
function is primarily estimated with EF, while estimation of the diastolic function
is more complex. Echocardiography is a widely available, rapid, convenient, low-
cost, reproducible and accurate method [33, 34]. However, the variability
between investigators can be significant and has to be considered.

Pathophysiology

Development of manifest heart failure is usually a slow process [25, 32, 35, 36].
In the beginning, several complex compensation mechanisms activate the heart,
kidneys, blood vessels, muscles and other organs to maintain cardiac output.
When stroke volume reduces, the body first activates the neurohormonal system,
including the renin-angiotensin-aldosterone system (RAAS), sympathetic
nervous system, and vasoactive peptides (such as antidiuretic hormone and
natriuretic peptides). This result in vasoconstriction, sodium and water retention,
increased heart rate, increased myocardial contractility and abnormal cell
growth. The heart itself tries to compensate through the Frank-Starling law and
ventricular remodeling.

All these compensation mechanisms are vital in short-term life-threatening
situations, such as major bleeding or severe dehydration [35]. However, when
activated over time the increased preload and afterload drive heart failure
progression and creates a “vicious cycle” (see Figure 2).
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Figure 2. The progression of heart failure.

Frank-Starling mechanism

The Frank-Starling law describes how the heart can maintain the stroke volume
during acute injury or compensatory in chronic heart failure [25, 32, 36]. It is
defined as the ability of the heart to change its force of contraction and thereby
increase stroke volume due to an elevated preload (see Figure 3). The higher
contraction force is generated through increased stretch of the myocytes in the
left ventricle. The Frank-Starling curve can reach a plateau if the heart reaches its
maximum capacity where increased stretch no longer results in increased

contractility [25].
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Figure 3. The Frank-Starling curve.



Ventricular remodeling

The heart has the ability to compensate by left ventricle remodeling at increased
preload and afterload [25, 36]. Volume overload (e.g. by mitral or aortic
insufficiency, or in dilated cardiomyopathy) often cause left ventricular
dilatation. In contrast, at pressure overload (e.g. by arterial hypertension or aortic
stenosis) the left ventricle develops concentric hypertrophy instead. Like other
compensatory mechanisms, hypertrophy is unable to preserve pump function
over time [32, 36]. Eventually the oxygen supply becomes insufficient, leading to
impaired myocardial function and progression of heart failure.

Sympathetic nervous system

In heart failure, reduced cardiac output and blood pressure activates the
sympathetic nervous system, which increase blood volume, myocardial
contractility and heart rate [25, 32, 36]. The positive inotropic (increased
contractility) and chronotropic (tachycardia) effect cause perfusion
redistribution to maintain blood flow to vital organs. The redistribution is
controlled by peripheral vasoconstriction and central vasodilatation, which
activates RAAS.

Renin-Angiotensin-Aldosterone System

RAAS is activated by a pressure-mediated reflex, caused by reduced stretch of the
glomerular afferent arteriole and decreased chloride levels in macula densa [25,
32, 36]. Macula densa is placed in the juxtaglomerular cells of the kidneys, inside
the glomerular capillaries, and releases renin into the blood. Renin release can
also be stimulated through the sympathetic nervous system, yet the two systems
are independently regulated. Plasma renin transforms inactive angiotensinogen
(produced in the liver) to angiotensin I, after which angiotensin-converting
enzyme (ACE) (mainly released from the pulmonary capillaries) converts
angiotensin I to angiotensin II (see Figure 4).

Angiotensin II is a vasoconstrictor and induces salt and water retention both by
itself and via aldosterone [25, 36]. Aldosterone is a hormone released from the
adrenal cortex, which increases sodium and water reabsorption in the kidneys. In
addition, angiotensin IT induces noradrenaline excretion from sympathetic nerve
terminals and inhibits parasympathetic activity. Angiotensin II also mediates
myocardial cell hypertrophy, fibrosis, and myocyte apoptosis, which may
contribute to ventricular remodeling and progressive cardiac dysfunction in heart
failure.
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Figure 4. The renin-angiotensin-aldosterone system. ACE, angiotensin-converting
enzyme.

Natriuretic peptides

Natriuretic peptides promote the previously described compensatory
mechanisms through vasodilatation, natriuresis and diuresis [25, 36]. Natriuretic
peptides are endogenous peptide hormones that are released as a response to
atrial and ventricle wall stretch due to pressure or volume overload [25, 35, 36].
A-type (atrial) natriuretic peptide (ANP) and B-type (brain) natriuretic peptide
(BNP) play a key role in heart failure. C-type natriuretic peptide (CNP) is also
involved by enhancing vasodilatation and endothelial permeability. The
prohormones proANP and proBNP are cleaved to ANP, BNP, and the biological
inactive N-terminal (NT)-proANP and NT-proBNP [37, 38]. ANP is primarily
secreted from the atria, while BNP is primarily secreted from the ventricles. Thus,
BNP and NT-proBNP are used in diagnosis and prognosis of heart failure.



Natriuretic peptides generate the hypotensive effects (vasodilatation, enhance
diuresis with natriuresis) through binding to membrane bound natriuretic
peptide receptors (NPR-A, NPR-B) [25, 35, 39]. Stimulation of the NPR-receptors
initiates a complex signaling system with synthesis of cyclic guanosine
monophosphate (cGMP) and downstream kinases (see Figure 5). Natriuretic
peptides reduce cardiac hypertrophy and remodeling, as well as inhibit RAAS,
endothelin secretion, antidiuretic hormone and sympathetic tone. All these
effects contribute to decreased preload and afterload, and so forth, natriuretic
peptides have a protective role in heart failure.
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Figure 5. The mechanism of action and pathways of metabolism of ANP, BNP and
CNP. Copyright © 2015 Parven Kaur. Reproduced from [40] with permission from BMJ
Publishing Group Ltd. ANP, A-type natriuretic peptide; BNP, B-type peptide; cGMP,
cyclic guanosine monophosphate; CNP, C-type peptide; CV, cardiovascular; GTP,
guanosine triphosphate; NEP, neprilysin; NPR, natriuretic peptide receptor.

Natriuretic peptides are eliminated from the circulation by two pathways. The
main pathway in healthy individuals is clearance via NPR-C receptors (see Figure
5) [41-43]. However, in patients with symptomatic heart failure the NPR-C
receptors are saturated (or downregulated due to chronic high natriuretic
peptides levels) and thus hydrolysis by neprilysin becomes the key degradation
pathway. Neprilysin is a membrane-bound metalloproteinase or neutral
endopeptidase, mainly presented in the proximal tubular cells in the kidneys but
are also found in the brain, eyes, lungs, intestines and fibroblasts [42].

Unfortunately, as chronic heart failure progresses to more severe stages, the
compensatory effects of natriuretic peptides are diminished [39]. This is probably
due to reduced levels of active forms of BNP, reduced target organ responsiveness
and over-activated counter-regulatory hormones of RAAS and the sympathetic



nervous system. When the protective mechanisms of natriuretic peptides have
declined to critical levels, the preload and afterload start to increase and the heart
deficiency become even more pronounced.

Sex and age-associated differences in heart failure

Sex differences

The overall lifetime risk to develop heart failure is similar between men and
women; however, in etiology, pathophysiology, comorbidities, and presence of
symptoms there are marked sex differences [44-46]. In general, women with
heart failure are older than men, more likely to have poor renal function, be more
symptomatic (higher NYHA class), have a history of hypertension and to present
with HFpEF [20, 45-56]. Women have less ischemic heart disease, whereas men
are more likely to develop HFrEF after a myocardial infarction and hence,
develop a more sudden heart failure diagnosis. Further, women report a lower
quality of life than men do, with a 10-point difference in median Kansas City
Cardiomyopathy Questionnaire Clinical Summary Score despite similar EF and
NT-proBNP [57]. Women also experience adverse drug reactions more often and
severe than men [58, 59]. For example in heart failure therapy, women have a
higher risk of drug-induced torsade de pointes, and cough and elevated creatinine
with ACE inhibitors (ACEI) [58, 60].

The most prominent factors that predispose women to HFpEF are sex differences
in cardiac structure, function, and metabolism, vascular aging, and immune
system response (see Figure 6) [44, 45]. Women have smaller left ventricular
chambers and consequently lower stroke volumes, yet with a higher resting heart
rate the cardiac output sustains comparable to men. Lower cardiac output in
women results in lower hepatic flow and lower glomerular filtration rate (GFR)
[61]. Cardiomyocyte hypertrophy and left ventricular remodeling are also more
pronounced in women [44, 45]. Hypertension and diabetes pose a higher risk to
develop heart failure for women. Many women also suffer from coronary disease.
However, women tend to suffer from angina pectoris with microvascular and
endothelial dysfunction leading to a higher degree of hypertrophy and fibrosis
[44, 46]. Coronary microvascular dysfunction has been assumed associated with
HFpEF. Men, on the other hand, are predisposed to macrovascular coronary
artery disease and myocardial infarction, which are a well-known precursor to
HFrEF. Additionally, inflammation probably play a key role in HFpEF. As women
have stronger immune responses, higher levels of C-reactive protein, and
enhanced inflammatory pathways in the myocardium, female patients are
predisposed to HFpEF. Women are also more likely to have comorbidities that
are involved in inflammation, such as hypertension, diabetes, chronic kidney
disease, obesity, iron deficiency, and preeclampsia.
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Figure 6. Sex differences in heart failure. HF, heart failure; HFpEF, heart failure with
preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; LV, left
ventricular; NP, natriuretic peptide; QoL, quality of life.

Sex differences affect the pharmacokinetics of drugs [58, 59, 62, 63]. Women
have for example different body composition with higher proportion of body fat,
lower body weight, organ blood flow, and renal function, longer gut transit time,
and higher cytochrome P450 3A4 enzyme activity than men. This explains the
longer effect duration of lipophilic drugs (e.g. amiodarone, diazepam,
metoprolol) due to the increased volume of distribution in female patients. For
hydrophilic drugs (e.g. aspirin, enalapril, atenolol, digoxin, metformin) the
volume of distribution is smaller, with higher plasma concentrations and stronger
effects in women compared with men.

The effect of sex hormones are not entirely understood, however, oestrogens have
been assumed to play a protective role against cardiovascular disease in women
[46]. In patients with heart failure, high levels of testosterone (in men and post-
menopausal women) can reduce the level of natriuretic peptides.

The mortality risk differs between the sexes, with higher age-adjusted mortality
in men than in women with heart failure. Previous studies have shown 20-30%
higher all-cause mortality risk in men versus women with HFrEF [53-56, 64].
Mortality has declined over time for both sexes, with a greater decline in male
compared with female heart failure patients [64-66]. Further, the Framingham
Heart Study showed a 36% lower age-adjusted mortality in women than in men
[67]. Median survival was longer in women than in men (3.2 vs. 1.7 years,
respectively). Worse prognosis was shown in both men and women with ischemic
cause of heart failure compared with non-ischemic etiology, yet women had lower
all-cause mortality in both etiologic groups.
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Women receive less guideline-recommended heart failure medications and in
lower doses compared with men, as well as fewer diagnostic procedures, such as
echocardiography and EF measurements [51-53]. Sex differences in prescription
of heart failure treatment can be influenced by gender of physicians and patients.
In a German cross-sectional study, male physicians prescribed significantly less
heart failure medications and in lower doses to female patients, while female
physicians had no significant treatment differences [68].

Age-related changes

The prevalence and incidence of heart failure increases with age [20]. This is due
to that we live longer, better management of acute coronary syndrome and other
co-morbidities, as well as physiological and structural changes caused by aging
[60-71]. The age-related changes enhance the risk of multimorbidity, which in
turn drives the development of heart failure. Elderly also have higher risk for
adverse drug reactions, due to age-associated changes and polypharmacy [7o0,
72]. HFpEF is more common among the elderly compared to younger patients
(73, 74].

The foremost pharmacokinetic change in the elderly is impaired renal function
[72, 75]. A significant decrease in GFR, tubular secretion, renal mass, and renal
blood flow cause reduced elimination of hydrophilic drugs (e.g. aspirin, enalapril,
atenolol, digoxin, metformin), leading to elevated plasma concentrations. Elderly
also have less total body water and more body fat compared to younger adults.
This alters the volume of distribution, causing elevated plasma concentrations of
hydrophilic drugs and prolonged elimination of lipophilic drugs (e.g.
amiodarone, diazepam, metoprolol). In addition, very old adults often lose weight
and become frail. Hence, patients with low body weight receive higher doses per
unit body weight compared to heavier patients, which reduces drug tolerance.

Pharmacodynamical changes in the elderly can occur at either receptor level or
by altered homeostasis [72, 75]. Diminished response in (-adrenoreceptor
activity has been shown in elderly, probably caused by increased levels of serum
noradrenaline, which mediates downregulation of the receptors. The decreased
effect of beta-blockers, however, is probably associated with lower renin levels in
older patients. Further, elderly have a reduced cardiovascular response to
postural changes, which increase the risk of orthostatic hypotension after
standing up, due to a reduction in blood pressure homeostasis. Unlike younger
adults that increase the heart rate to compensate for postural changes, elderly
tend to increase stroke volume instead [76]. This increases the risk of orthostatic
hypotension, also during antihypertensive drug treatment.
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Changes in cardiac structure and function also have a significant role in elderly
patients with heart failure [71]. Among the most important changes are impaired
elasticity of the aorta and arterial system, resulting in higher systolic blood
pressure and left ventricular hypertrophy [70, 76]. Heart rate and sinoatrial node
transmission decreases with age. Further, calcium metabolism and regulation are
reduced in elderly, which result in impaired myocardial relaxation and diastolic
dysfunction [71]. In summary, age-related changes are involved in heart failure
progression and affects how elderly tolerate heart failure drugs.

Under-representation of women and elderly in clinical trials

Women and elderly are underrepresented in heart failure studies. Two recent
systematic reviews confirmed that HFrEF trials conducted between 2001-2016
only included about 24% women or 0.5-0.6 of prevalence-corrected participation,
respectively [14, 15]. This should be compared with the real-world prevalence of
women with heart failure, which is generally between 47-53 % in patients with
heart failure and 36-42% in HFrEF [21, 51, 77-79]. Depending on the inclusion
criteria, surveys and registries often show a more selected and homogenous
patient population with 28-37% women with heart failure and 21-29% with
HFrEF [13, 56, 80]. An overview of landmark heart failure trials and their
proportion of women and elderly is shown in Table 3.

Regarding age, several heart failure studies have focused explicitly on the
therapeutic effects in the elderly [81-85]. However, most landmark heart failure
trials that current treatment guidelines are based upon mainly include younger
patients (see Table 3). The average age in heart failure trials is 65 years [15], while
the mean age at first heart failure diagnosis in clinical practice is 12 years older
(overall 77 + 12 years; women 80 + 10 years vs. men 75 + 11 years, P<0.001) [20,
21, 65]. This discrepancy between patients included in clinical trials and real-
world patients were also highlighted in a review from 2012 where four widely
prescribed drugs (pioglitazone, rosuvastatin, risedronate, and valsartan) were
investigated [86]. The majority of included randomized controlled trials had
included less than half the expected real-world population of patients aged 65
years and older.

Strict inclusion criteria in clinical trials often result in fewer women and elderly
patients being eligible, which limit the external validity [87]. Strict criteria may
cause either direct (upper age limit) or indirect exclusion (comorbidities,
polypharmacy, or reduced life expectancy) of women and elderly [87, 88].
Exclusion due to reduced life expectancy is always justified but other criteria can
be questioned. To exclude due to an upper age limit, physical disabilities, drug
use (other than drugs interfering with the study drug), or comorbidities not
related to a reduced life expectancy, creates a more homogenous study population
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and limits the generalizability [88]. Therefore, older patients who manage to
fulfill all inclusion criteria in clinical trials are often not representative of patients
treated in routine care [89].

Table 3. Selected landmark heart failure trials and their representation of elderly and women.

Trial Year Study N Mean Key age-related Women
treatment? age inclusion (%)
(years)®
SOLVD 1991 Enalapril 2569 61 Age <80; EF < 35% 20
CIBIS Il 1999 Bisoprolol 2647 61+11 Age 18-80; EF 19
<35%
MERIT-HF 1999 Metoprolol 3991 64+10 Age 40-80; EF 22
<40%
RALES 1999 Spironolactone 1663 65+ 12 EF <35% 27
ATLAS 1999 Low-dosevs. 3793 6410 EF <30% 20
high-dose
lisinopril
COPERNICUS 2001 Carvedilol 2289 63+12 EF <25% 21
Val-HeFT 2002 Valsartan 5010 62111 EF <40% 20
ACEI,
67 +10
no ACEI
EPHESUS 2003 Eplerenone 6632 64+11 EF <40% 28
CHARM- 2003 Candesartan 2028 66111 EF <40% 32
Alternative
SHIFT 2010 Ivabradine 6558 60+11 EF <35% 24
EMPHASIS-HF 2011 Eplerenone 2737 69+8 EF <35% 22
PARADIGM- 2014 Sacubitril- 8442 64+12 Run-in with 22
HF valsartan vs. Sacubitril-
Enalapril valsartan/Enalapril
in target dose; EF
<35%

ACEl, angiotensin-converting enzyme inhibitor; ATLAS, Assessment of Treatment with Lisinopril and
Survival study; CIBIS-Il, Cardiac Insufficiency Bisoprolol Trial Il; COPERNICUS, Carvedilol Prospective
Randomized Cumulative Survival Study; EF, ejection fraction: EMPHASIS-HF, Eplerenone in Mild
Patients Hospitalization and Survival Study in Heart Failure; EPHESUS, Eplerenone Post-Acute
Myocardial Infarction Heart Failure Efficacy and Survival Study; MERIT-HF, Metoprolol Randomized
Intervention Trial in Congestive Heart Failure; PARADIGM-HF, Prospective Comparison of Angiotensin
Receptor—Neprilysin Inhibitor with ACEI to Determine Impact on Global Mortality and Morbidity in
Heart Failure; RALES, Randomized Aldactone Evaluation Study; SHIFT, Systolic Heart failure treatment
with the If inhibitor ivabradine Trial; SOLVD, Studies Of Left Ventricular Dysfunction; Val-HeFT,
Valsartan Heart Failure Trial.

aVersus placebo if not otherwise specified.

bMean * standard deviation, if not otherwise specified.
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Some heart failure studies, such as the PARADIGM-HF (Prospective Comparison
of Angiotensin Receptor—Neprilysin Inhibitor (ARNI) with ACE inhibitor to
Determine Impact on Global Mortality and Morbidity in Heart Failure), required
that eligible patients should tolerate a fixed target dose of the study drugs before
inclusion, which resulted in a low frequency of women (22%) and a relatively
young patient population (mean age 64 years) [90]. Hence, women included in
clinical trials with strict entry criteria are also not representative for the typical
female patients in clinical practice.

Moreover, women face several barriers for full participation in clinical trials. The
U.S. Food and Drug Administration (FDA) has identified barriers for inclusion in
their work for women’s health [91], such as

i) unintentionally exclusion of women due to enrolment criteria
potentially not needed to define the study population - e.g. upper age
limit,

it) knowledge gap in differences in disease aetiology and
pathophysiology,

iti) investigator and sponsor avoidance of female patients due to the
perception that it will take more time and money to recruit them,

iv) family responsibilities limiting women’s ability to commit to study
follow-up.

Considerations of how to achieve an appropriate enrolment in clinical trials
would be preferred already in the study design and early enrolment stages.
Federal agencies and institutes, such as FDA, European Medicines Agency (EMA)
and National Institutes of Health, have adopted guidelines and strategies to
increase the inclusion of women and other minorities in clinical studies [92-95].
Hopefully efforts like these will enhance female and elderly participation in
clinical trials.

In summary, the underrepresentation of women and elderly in clinical trials
creates a knowledge gap of how to treat these patients with the best quality of
care. Biological sex differences, such as body composition, blood flow,
cytochrome P450 enzyme activity, sex hormonal fluctuations, as well as age-
related changes might lead to different efficacy and safety of the same drug.
Women and elderly need to be included in clinical trials in a more representative
proportion that reflect the underlying disease distribution in clinical practice.
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Development of standard heart failure medications

The last three decades ACEI angiotensin receptor blockers (ARB), beta-blockers
and mineralocorticoid receptor antagonists (MRA) have been developed and
implemented as standard of care in patients with HFrEF [26, 96, 97]. Multiple
large-scale randomized controlled trials have shown beneficial treatment
outcomes in reducing mortality and morbidity in patients with HFrEF and have
transformed the management of heart failure from previously available treatment
with digitalis, vasodilator drugs and diuretics. Decrease in all-cause mortality for
all four groups of standard heart failure medications is shown in Figure 7.
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Figure 7. Drugs that reduce mortality in patients with heart failure and reduced
gjection fraction. Based on results from SOLVD-Treatment, CHARM-Alternative,
CIBIS II, MERIT-HF, COPERNICUS, RALES, EPHESUS, EMPHASIS-HF [98-105].
ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;
MRA, mineralocorticoid receptor antagonist.

ACE inhibitors/Angiotensin receptor blockers

The first ACEI study that showed prognostic enhancement in HFrEF was
CONSENSUS (Cooperative North Scandinavian Enalapril Survival Study) in 1987
[106]. Enalapril was compared with placebo in patients with NYHA class IV,
where enalapril presented a 40% risk reduction in mortality. In the following
SOLVD-Treatment (The Studies Of Left Ventricular Dysfunction—Treatment)
trial in 1991, enalapril was compared with placebo in patients with NYHA class
II-III [98]. Enalapril showed a 16% risk reduction in all-cause death and 26% risk
reduction in the combined endpoint death or hospitalizations for chronic heart
failure.
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A common side effect of ACEI is dry cough in 5-20% of patients, as well as
hypotension, renal impairment and hyperkalemia [60, 107]. The cough may be
caused by elevated levels of bradykinin and substance P when their degradation
by ACE is inhibited [96]. ARBs do not alter ACE activity and have shown lower
rates of cough and other adverse events, as well as similar mortality and
morbidity reduction compared with placebo or ACEI [26, 81, 96, 99, 108-110].
ARBs are recommended in HFrEF patients who do not tolerate ACEI [26]. In
addition, concomitant use of ACEI and ARBs increase the risk of hyperkalemia
and have not persistently shown reduced mortality in HFrEF [108, 111, 112]. ACEI
plus ARBs in combination are therefore only recommended to patients with
symptomatic HFrEF receiving a beta-blocker but unable to tolerate MRA, and
must be followed-up closely [26].

Beta-blockers

Beta-blockers improve survival and reduce morbidity in chronic heart failure
[26]. The mechanism of beneficial effects from beta-blockers in HFrEF is
reduction of the sympathetic nervous system activity through decreased levels of
catecholamines [96]. Presently, beta-blockers are recommended to all patients
with symptomatic HFrEF and accepted as a standard care medication in stable
heart failure [26, 97]. The implementation of beta-blockers in heart failure
therapy, however, took about 20 years from the first observations of survival in
1979 before it was approved as treatment for heart failure in 1997 [113]. The slow
adoption was due to the negative inotropic effect, which in turn increase the risk
of heart failure decompensation. In 1995, Hall et al. [114] showed that the
negative effects on ventricular function during metoprolol treatment were
focused to the initial month of treatment. The beneficial effects were presented
during long-term therapy - 18 months - and resulted in reduced heart rate,
improved EF, regression of left ventricular mass, reduced ventricular remodeling,
and improved ventricular geometry with less spherical form of the left ventricle.
Hence, beta-blockers are recommended to be introduced in clinically stable heart
failure patients and to apply a “start low, go slow” management until the target
dose, or maximum tolerated dose, is achieved [26].

Beta-blockers differ between substances and the ones with proven effects in
HFrEF are bisoprolol, metoprolol controlled release/extended release (CR/XL),
and carvedilol [113]. In 1999, two large randomized controlled trials investigated
bisoprolol and metoprolol CR/XL versus placebo [100, 101]. The CIBIS II
(Cardiac Insufficiency Blsoprolol Study IT) was performed in patients with NYHA
class III-IV, EF 35% or less, receiving standard therapy with diuretics and ACEI
[100]. Bisoprolol showed a 34% risk reduction on all-cause mortality and 20%
risk reduction on all-cause hospitalization compared with placebo. In MERIT-HF
(Metoprolol CR/XL Randomized Trial In congestive heart failure) metoprolol
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was compared with placebo in patients with NYHA class II-III, EF 40% or less
and optimal standard therapy including diuretics and ACEI [101]. The trial was
stopped early because metoprolol showed a 34% risk reduction in total mortality
compared with placebo. Further, in 2001 COPERNICUS (CarvedilOl ProspEctive
RaNdomlIzed CUmulative Survival trial) studied carvedilol versus placebo in
patients with severe chronic heart failure and EF less than 25% and appropriate
conventional therapy with diuretics and ACEI/ARB [102]. The carvedilol group
showed a 35% decrease in the risk of death compared with the placebo group.

Mineralocorticoid receptor antagonists

When ACEI were approved, it was first assumed that their mechanism of action
would be enough to inhibit RAAS and the harmful effects of aldosterone in heart
failure [103]. Unfortunately, the plasma aldosterone level has been observed to
return to baseline during long-term angiotensin II suppression. For that reason,
in 1999, the RALES (Randomized Aldactone Evaluation Study) trial aimed to
investigate if the MRA spironolactone would significantly reduce all-cause
mortality in patients with severe heart failure in addition to an ACEI [103].
Patients were included if they were in NYHA class IV, had EF 35% or less, were
being treated with an ACEI and a loop diuretic. Eligible patients were randomized
to either spironolactone or placebo. Spironolactone showed a 30% risk reduction
in all-cause death and a 30% reduction in the risk of hospitalization for cardiac
causes compared with placebo. Further, in 2003, the EPHESUS (Eplerenone
Post—Acute Myocardial Infarction Heart Failure Efficacy and Survival Study) trial
evaluated the effects of eplerenone on morbidity and mortality in patients with
acute myocardial infarction complicated by left ventricular dysfunction and heart
failure [105]. Patients were randomized to either eplerenone or placebo.
Inclusion criteria were acute myocardial infarction within 3 to 14 days, EF 40%
or less, and heart failure. The eplerenone group had a 15% risk reduction in death
from any cause compared with placebo. Later in 2011, the EMPHASIS-HF
(Eplerenone in Mild Patients Hospitalization and Survival Study in Heart
Failure) trial assessed the effects of the MRA eplerenone in patients with HFrEF,
EF 35% or less, and milder symptoms with NYHA class II [104]. Patients were
randomized to either eplerenone or placebo, in addition to standard therapy. The
primary endpoint, cardiovascular death or hospitalization for heart failure,
showed a 37% risk reduction in the eplerenone group compared with placebo. The
eplerenone group also showed a 23% lower risk of cardiovascular death. So forth,
heart failure guidelines recommend an MRA to patients with HFrEF who are still
symptomatic despite treatment with an ACEI and a beta-blocker [26, 97].
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Development of neprilysin inhibitors

Despite the effective standard heart failure treatments described above mortality
is still high in heart failure and new effective medications are needed. Another
interesting compensatory system to explore for possible therapeutic targets has
been the natriuretic peptides. Two strategies have been tested to try to moderate
the protective effects of natriuretic peptides in patients with HFrEF [115]. First,
administration of exogenous natriuretic peptides were conducted with nesiritide
(human recombinant BNP) but without outcome improvements [116]. The
second approach was to inhibit the catabolic enzyme, neprilysin, which is the
main degradation pathway of ANP, BNP and CNP in patients with heart failure
[115]. Other vasoactive peptides that are substrates for neprilysin are for example
angiotensin I and II, bradykinin, substance P, and endothelin-1.

The first neprilysin inhibitor that was tested in humans was candoxatril [117].
First patients with essential hypertension were investigated [118]. Forty patients
were treated with candoxatril or placebo in 28 days. No significant effect on blood
pressure was observed even though natriuretic peptide levels increased
significantly. A possible explanation was elevated angiotensin II levels due to
neprilysin inhibition that may counteract the vasodilating effects of ANP and
BNP.

The next step was to combine a neprilysin inhibitor with RAAS inhibition to
suppress angiotensin II elevation and aldosterone release [117]. Omapatrilat, a
vasopeptidase inhibitor that inhibit both neprilysin and ACE, was first developed.
In early studies omapatrilat showed some improvements in composite endpoints
of death and hospitalization, such as IMPRESS (Inhibition of MetalloProtease by
BMS-186716 in a Randomized Exercise and Symptoms Study) where omapatrilat
was compared with lisinopril in patients with HFrEF [119]. However, later and
larger studies did not confirm these results. The OVERTURE (The Omapatrilat
Versus Enalapril Randomized Trial of Utility in Reducing Events) trial,
randomized patients with NYHA class II-IV to either enalapril or omapatrilat
[120]. Omapatrilat showed non-inferiority in reducing the primary endpoint
death or heart failure hospitalization compared with enalapril. Finally, in the
hypertension trial, OCTAVE (Omapatrilat Cardiovascular Treatment vs.
Enalapril), omapatrilat was found to more than 3-fold the incidence of
angioedema compared with enalapril [117, 121]. Consequently, the development
of omapatrilat was disrupted.
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To reduce the risk of angioedema the solution became to switch the ACEI to an
ARB instead [122]. The angioedema was probably caused by elevated levels of
bradykinin and substance P during ACE and neprilysin inhibition with
omapatrilat. By using an ARB, bradykinin and substance P can still be
metabolized by ACE and the risk of angioedema is minimized. The first substance
to accomplish the combination of a neprilysin inhibitor and an ARB was LCZ 696,
later renamned sacubitril-valsartan. An overview of the mechanisms and effects
of drugs acting on the natriuretic peptide system is shown in Figure 8.
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Figure 8. Overview of the mechanisms and effects of nesiritide, candoxatril,
omapatrilat, and sacubitril-valsartan. Nesiritide and candoxatril only augment the NP
system, with candoxatril increasing ANP, BNP, and CNP compared with isolated BNP
augmentation by nesiritide. Omapatrilat and sacubitril-valsartan have dual system
activity (NP and RAAS), noting the additional benefit of sacubitril-valsartan in
preventing accumulation of substance P and bradykinin because it has no effect on ACE.
Downward arrows indicate reduction. Upward arrows indicate increase. Copyright ©
2015 Parven Kaur. Reproduced from [123], licensed under CC-BY-NC 3.0,
http://creativecommons.org/licenses/by-nc/3.0/. = ACE,  angiotensin-converting
enzyme; ANP, A-type natriuretic peptide; ARNI, angiotensin receptor-neprilysin
inhibitor; BNP, B-type natriuretic peptide; CNP, C-type natriuretic peptide; LCZ 696,
sacubitril-valsartan; NEP, neprilysin; NP, natriuretic peptide; RAAS, renin-
angiotensin-aldosterone system.
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Sacubitril-valsartan

Sacubitril-valsartan is a first-in-class dual-acting ARNI. The FDA and EMA
approved sacubitril-valsartan in 2015, for the treatment of chronic HFrEF.

Pharmacodynamics

Sacubitril-valsartan is a supramolecular sodium salt complex of the neprilysin
inhibitor prodrug sacubitril and the ARB valsartan, with a 1:1 molar ratio [124,
125]. The chemical structure is shown in Figure 9.

H,C

H,C
0]
HN

OH

Sacubitril Valsartan
Figure 9. Chemical structure of sacubitril-valsartan.

The crystalline structure is stable and highly water-soluble and dissociates after
oral administration into sacubitril and valsartan [124, 125]. Sacubitril is
metabolized (by enzymatic cleavage of its ethyl ester) to the active neprilysin
inhibitor LBQ 657 (sacubitrilat). Since neprilysin play a key role in degradation
of natriuretic peptides in patients with heart failure, inhibition of the enzyme
increases natriuretic peptide levels [126]. Increased ANP and BNP levels generate
vasodilatation, natriuresis and diuresis, as well as decreases sympathetic tone,
aldosterone levels, cardiac hypertrophy and fibrosis. As previously known,
valsartan binds to the angiotensin II type-1 receptor and inhibits aldosterone
release and further RAAS activity (see Figure 10).
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Figure 10. Schematic representation of the mechanism of action of sacubitril-
valsartan on the natriuretic peptide and renin—angiotensin—aldosterone system.
Copyright © 2015 Parven Kaur. Reproduced from [127] with permission from BMJ
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Pharmacokinetics

The pharmacokinetic parameters for sacubitril-valsartan and its active
metabolite sacubitrilat are summarized in Table 4. Sacubitril-valsartan is rapidly
absorbed after oral administration [125, 128, 129]. The bioavailability is over 60%
for sacubitril and 23% for valsartan. However, one important aspect is that the
valsartan in sacubitril-valsartan is about 40% more bioavailable than the
valsartan in other marketed tablets. In sacubitril-valsartan 97/103 mg twice daily,
the ARB component is equivalent to 160 mg valsartan alone. Steady state is
reached in three days following twice-daily dosing of sacubitril-valsartan. Food
intake does not affect the therapeutic effect of sacubitril-valsartan. The active
metabolite sacubitrilat has limited ability to cross the blood brain barrier
(0.28%).
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Table 4. Summary of pharmacokinetics of sacubitril-valsartan.

Sacubitril Sacubitrilat Valsartan
Bioavailability >60% >23%
Time to peak 0.5h 2h 15h
Protein binding 94-97% 94-97% 94-97%
Distribution 103 L 75L
Metabolism Metabolized to No significant 20%
sacubitrilat metabolism
Elimination Primarily as Kidney 52-68%, Kidney 13 %,
sacubitrilat Feces 37-48% Feces 86 %
Half-life 1.4 h 11.5h 9.9h
elimination
Special populations

Patients with only mild renal impairment (estimated glomerular filtration rate
[eGFR] 60-90 ml/min/1.73 m2) do not require any dose adjustments of
sacubitril-valsartan [128, 129]. In patients with eGFR 30-60 ml/min/1.73 m2, a
starting dose of 24 mg/26 mg twice daily is recommended. For patients with
eGFR <30 ml/min/1.73 m?2, caution is advised due to very limited clinical
experiences.

Mild hepatic impairment do not require any dose adjustments of sacubitril-
valsartan [128, 129]. However, there is so far limited clinical experiences in
patients with moderate hepatic impairment. Caution and a starting dose of 24
mg/26 mg twice daily is recommended. Sacubitril-valsartan is contraindicated in
severe hepatic impairment, biliary cirrhosis and cholestasis.

In a small, open-label, single oral dose (400 mg) in 36 healthy participants, the
effect of age and sex on the pharmacokinetics of sacubitril-valsartan was
investigated [130]. Elderly patients (>65 years) had an increased exposure (area
under the curve) to both sacubitrilat and valsartan by 42% and 30%, respectively.
The elimination half-lives were prolonged with about 3-4 hours for both
substances. The pharmacokinetic differences of sacubitril-valsartan are probably
associated with lower renal function in the elderly. Further, no differences in
pharmacokinetic parameters were shown between male and female patients. In a
post-hoc analysis of the PARADIGM-HEF trial, efficacy and safety was superior in
the sacubitril-valsartan group compared with the enalapril group across all age
categories [131]. In summary, no dose adjustments are recommended due to age
or sex [26, 97].

23



Sacubitril-valsartan in clinical trials

Sacubitril-valsartan has been studied in a number of clinical trials. Trials have
been performed, or are ongoing, in patients with hypertension [132, 133], HFpEF
[134, 135], acute heart failure [136, 137], heart failure after myocardial infarction
[138], but the so far most guideline-changing results have been shown in patients
with HFrEF and NYHA class II-III in the landmark trial, PARADIGM-HF [90].

PARADIGM-HF

PARADIGM-HF aimed to investigate whether sacubitril-valsartan or enalapril
had superior long-term effects on morbidity and mortality in patients with
chronic HFTEF [90]. The primary composite endpoint was cardiovascular death
or hospitalization for heart failure.

This randomized, double-blind, multicenter trial is one of the largest heart failure
trials performed so far, involving 1043 centers in 47 countries. In total, 10,513
patients entered the run-in phase and 8442 underwent randomization. Eligible
patients were at least 18 years old, NYHA class II-IV, EF 40% or less (which was
changed to 35% or less in Dec 2010). Patients were also required to have BNP
>150 pg/mL (or NT-proBNP =600 pg/mL) or, if they had a heart failure
hospitalization within the previous 12 months, a BNP >100 pg/mL (or NT-
proBNP =400 pg/mL). Before the run-in phase, patients had to tolerate a stable
dose of a beta-blocker and an ACEI/ARB equivalent to at least 10 mg of enalapril
daily.

Patients were excluded if they had symptomatic hypotension, a systolic blood
pressure <100 mm Hg at screening (or 95 mm Hg at randomization), an eGFR
<30 ml/min/1.73 m2, a serum potassium level >5.2 mmol/L at screening (or >5.4
mmol/L at randomization), or a history of angioedema or unacceptable side
effects during treatment with ACEI/ARB.

The run-in phase started with a switch from the patients’ ordinary ACEI/ARB to
enalapril in target dose, 10 mg twice daily. Patients who tolerated this regimen
were switched to sacubitril-valsartan for an additional 4-6 weeks (initially at 100
mg twice daily, which was increased to 200 mg twice daily). Patients without
unacceptable side effects during the two run-in periods were randomized in a 1:1
ratio to receive either sacubitril-valsartan (200 mg twice daily) or enalapril (10
mg twice daily). To reduce the risk of angioedema due to overlapping ACE and
neprilysin inhibition, enalapril was discontinued one day before sacubitril-
valsartan initiation and sacubitril-valsartan was discontinued one day before
randomization.
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Out of the initially 10,513 patients, 1102 patients discontinued the enalapril run-
in phase and 977 patients discontinued the sacubitril-valsartan phase. Finally,
4187 patients were randomized to the sacubitril-valsartan group, while 4212
patients were randomized to the enalapril group. Baseline characteristics were
balanced between the study groups. Mean age was 64+11 years, 21 % were female,
66% were white, 60% had a history of ischemic cardiomyopathy, median NT-
proBNP was about 1600 pg/mL, the majority had NYHA class II or III (70% and
24%, respectively). Mean doses of sacubitril-valsartan and enalapril at the last
follow-up were 375+71 mg and 18.9+3.4 mg, respectively.

The primary endpoint, cardiovascular death and hospitalization for heart failure,
was reduced with 20% in the sacubitril-valsartan group compared with the
enalapril group (hazard ratio [HR] 0.80; 95% confidence interval [CI], 0.73-0.87;
P<0.001). The number needed to treat to prevent one primary event was 21.
Further, the secondary outcome death from any cause was reduced with 16% (HR
0.84; 95% CI, 0.76-0.93; P<0.001). The trial was stopped early, after a median
follow-up of 27 months, due to overwhelming benefit with sacubitril-valsartan.

Regarding safety, 12% of the patients discontinued treatment because an adverse
event during the run-in phase, with a higher withdrawal rate in the enalapril
group compared with the sacubitril-valsartan group. Patients in the sacubitril-
valsartan group reported symptomatic hypotension more frequently than the
enalapril group. On the other hand, the enalapril group was more likely to have
cough, elevated serum creatinine (=221 pmol/L), and serum potassium (>6
mmol/L). No difference in risk of angioedema was shown between the treatment
arms (sacubitril-valsartan 0.2% vs. enalapril 0.1%, P=0.13).

Sacubitril-valsartan in heart failure guidelines

Based on PARADIGM-HF, sacubitril-valsartan was rapidly included in European
and American heart failure guidelines after regulatory approval. The European
Society of Cardiology (ESC) and American Heart Association guidelines,
recommend sacubitril-valsartan as a replacement for an ACEI in patients with
chronic HFrEF who remain symptomatic and have EF <35% despite optimal
treatment with maximum tolerated evidence-based doses of an ACEI, a beta-
blocker, and a MRA [26, 97].

Patients who tolerate an ACEI/ARB in doses equivalent to enalapril 10 mg twice
daily can be switched to sacubitril-valsartan [26]. A starting dose of 49/51 mg
twice daily is recommended in 2-4 week, before the dose is doubled to 97/103 mg
twice daily as tolerated by the patient [128, 129].
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Sacubitril-valsartan should not be co-administered with an ACEI/ARB [26, 97,
128, 129]. Due to the rare but potential risk of angioedema, the ACEI should be
withheld for at least 36 hours before sacubitril-valsartan is initiated. Sacubitril-
valsartan is contraindicated to patients with a history of angioedema. Further,
treatment should not be initiated to patients with high risk of hyperkalemia
(serum potassium >5.4 mmol/1) or hypotension (systolic blood pressure <100
mm Hg).

Safety monitoring: post-authorisation

When novel drugs attain regulatory approval and clinicians start to prescribe
them in routine care, there is still limited data on effectiveness and safety in real-
world settings. Safety monitoring systems for post-authorisation evaluation has
therefore been developed.

To receive marketing approval for a novel drug, EMA performs a careful
assessment that the benefits outweigh their risks [139]. This is to ensure that
patients can use the medicine they need without being exposed to unacceptable
side effects. The assessments are based on results from clinical trials where
patients are often carefully selected and efficacy and safety have only been able to
study for a limited time. After authorisation, the drug is prescribed to a large
number of patients with other comorbidities and concomitant medicines. Rare or
unexpected side effects may emerge in these new settings. Therefore, it is vital to
monitor the safety of all drugs on the market. The European Union (EU)
legislation from 2012 requires that pharmaceutical companies, national
regulatory authorities and EMA perform a number of post-authorisation safety
monitoring processes after a drug has been authorized for use. The post-
authorisation system run by EMA is explained in further details on their website
[140].

Pharmacovigilance

To monitor the safety of a medicine once it is on the market is called
pharmacovigilance [139, 140]. Pharmacovigilance is defined as the science and
activities to detect, assess, understand and prevent adverse effects or any other
medicine-related problem. EMA is responsible for the EU pharmacovigilance
system and cooperates with the EU Member States and the European
Commission. To assess and monitor the safety of human medicines, EMA has a
dedicated committee called the Pharmacovigilance Risk Assessment Committee
(PRAC).
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Reporting side effects

Healthcare professionals and patients are encouraged to report suspected side
effects with any medicine on the market [141, 142]. The reports give vital
information on medicines used in clinical practice. Regulatory authorities analyse
the reports together with all other available information of the medicine to make
sure that the benefits remain greater than their risks. If necessary, the regulatory
authorities take action for restrictions or, in worst case, withdrawal of the
medicine.

Medicines under additional monitoring

After regulatory approval in the EU, all medicines are closely monitored.
However, some medicines are labelled with a black inverted triangle (V) in the
product information, which means that the medicine is subject to additional
monitoring [142]. The goal with additional monitoring is to enhance reporting of
suspected side effects for medicines for which the clinical evidence is still limited.
Patients and healthcare professionals are strongly encouraged to report any
suspected side effects with these medicines. By collecting information of the use
of medicines in an early stage, it is possible to evaluate their benefit-risk profiles
in routine care. Additional monitoring status is always given to drugs that
contain:

1) a new active substance,

1) biological drug (such as vaccine or a medicine derived from blood
plasma),

ii1) if it has received conditional approval,

iv) if the pharmaceutical company is required to perform additional

studies (e.g. to provide data on long-term use or rare side effects seen
during clinical trials),

v) if it is authorised with specific obligations to record suspected
adverse drug reactions.

Other drugs can also be given additional monitoring labelling if advised from
PRAC.

Post-authorisation safety studies

Another example of a safety-monitoring tool in the EMA pharmacovigilance
system is post-authorisation safety studies (PASS) [143]. PASSs are studies
performed after a drug has received regulatory approval. They are conducted to
evaluate a drug’s safety and benefit-risk profile, assess the effectiveness of risk-
management measures, and support regulatory decision-making. PASSs can be
either clinical studies or non-interventional studies.
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PASSs can be imposed or voluntary [143]. Imposed PASSs must be performed by
the pharmaceutical company if the drug authorization is granted with specific
obligations or other studies that PRAC requests the company to perform. PRAC
is responsible for assessing the protocols and results of imposed PASSs.

Comparative Effectiveness Research

A research field for real-time post-marketing evaluation of new drugs, that has
become more important with the increasing number of available drugs, is
Comparative Effectiveness Research (CER). CER compares benefits and/or
harms of two active forms of health interventions in real-world settings under
routine clinical conditions [144-146]. Traditionally, CER is performed after
completion of a phase III placebo controlled trial [145]. Different methods can be
used in CER studies [147, 148], such as;

o Systematic review or Meta-analysis - analyse published studies,

o Decision analysis - mathematical simulation using published evidence,

o Observational cohort, cross-sectional or case-control studies - analyse
clinical data, and

o CER-focused randomized controlled trials or ‘practical clinical trials’ -
compare intervention to standard-of-care in representative population
randomized to control and intervention groups.

The possibilities to use medical records, registry data or already published
evidence in CER are both cost-effective and less time-consuming than performing
interventional studies [147]. Except that CER have a key role in head-to-head
comparative studies, they also offer a second chance to conduct studies that
include women, elderly, and/or patients with multiple morbidities, that are
usually under-represented in clinical trials, despite that these patients are the
primary drug users [146].

Sweden provides unique opportunities to perform observational CER due to the
civic registration system involving a 12-digit personal identity number, unique to
all Swedish citizens, as well as the many nationwide health registers and use of
electronic medical records [149]. Several frameworks for CER methodology have
been published; one example is a recent study of how to monitor new drugs in
Sweden [149]. The authors promote a model using data collected in routine care
to continuous monitor effectiveness, safety and cost-effectiveness of novel drugs.
The framework involves a prospectively determined protocol, preferably
conducted in cooperation between regulators, payers and pharmaceutical
companies. In each recruitment cycle, new users are included and added to the
cohort, to continuously increase the study sample size. The data are sequentially
analysed according to a pre-specified statistical analysis plan.
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Implementation of novel treatments in Swedish healthcare

Parallel with the EMA safety monitoring and CER, the novel medicine needs to
be efficiently implemented to eligible patients in routine care before patients can
gain benefit. Different countries have developed different implementation
processes. A short summary of the Swedish process for managed introduction of
new medicines and local implementation process is presented below.

National process for managed introduction

In Sweden, a national process for managed introduction of new medicines is used
to attain an equal, cost-effective and safe use of novel therapies for all patients in
the country. The national process derives from an initiative by the regional drug
and therapeutics committee (DTC) in Region Stockholm due to the exponential
development and costs of novel medicines during the last decades [150, 151]. The
national model has been refined and is now managed by the Swedish Association
of Local Authorities and Regions. The DTCs, several governmental agencies and
the pharmaceutical industry collaborate in this process. Not all new medicines
are included in the national process for managed introduction. The national
process is applied for specialist medicines and medicines intended for use in large
patient populations, which is belived to have a major impact on healthcare. The
process is explained in further details on a dedicated website [152].

The first step of the national process for managed introduction of new medicines
is horizon scanning [153, 154]. The horizon scanning working group continuously
search available data for novel treatments about 1-2 years before expected
regulatory approval. The group prioritize the most interesting medicines and
summarize current knowledge in early assessment reports.

The reports are sent to the DTCs and to the New Therapies (NT) Council about
six months before estimated regulatory approval. The NT Council decide whether
the medicine should be included in the national managed introduction process.

When the medicine has received marketing authorization (by EMA or the
Swedish Medical Product Agency), the NT Council asks the Dental and
Pharmaceuticals Benefits Agency (TLV) to perform a health economic evaluation.
TLV conclude whether the treatment is cost-effective and provides the NT
Council with an evaluation report. In certain cases, negotiations between the
county councils and the pharmaceutical company are held regarding pricing. The
NT Council then decides on recommendations for use to the DTCs.

29



Local implementation process

Based on the NT Council recommendation, the DTCs conduct local routines to
implement the novel treatment in each county council. The DTCs and the
specialists responsible for medical treatment implementation at the concerned
clinics discuss budget allocations and designate details of which drugs to
introduce and how to manage the implementation.

To gain real-world experience of management and safety in clinical practice, local
guidelines usually first recommend merely specialists at the hospital to prescribe
the novel drug. After a few years, general practitioners are encouraged to
prescribe the drug also in primary care, with the possibility to ask for specialist
consultation.

More effective implementation needed in clinical practice

Efforts have been made during the last decades to develop and refine the national
and local implementation processes in Swedish healthcare. However, in clinical
practice, in Sweden as in other countries, the implementation of novel treatments
to all eligible patients within a population still takes several years [1-13]. One
reason might be the organization of local implementation at the clinics.

The local implementation in routine care are commonly organized as follows:
patients with chronic diseases have to visit their physician - on a planned re-visit,
book an appointment initiated by themselves, or become hospitalized due to
worsening symptoms or an emergency event - before they have a chance to be
evaluated for the novel therapy. This means that patients are dependent on their
physician’s updated knowledge and interests in trying new therapies. The
consequence is often a long passive waiting period before all eligible patients have
received the novel treatment, also referred to as clinical inertia [8]. Problems with
clinical inertia, where patients do not receive proper diagnostics and/or
guideline-recommended therapy within a reasonable time, have been reported in
a variety of diagnoses, such as diabetes, hypertension, dyslipidemia, asthma [8],
as well as osteoporosis [9] and heart failure [1, 6, 10, 11].

Further, newly approved drugs are often heavily marketed for being more
effective than conventional therapies or reducing the risk of major safety
concerns [146, 155, 156]. Since patients in routine care tend to be older with more
comorbidities compared with patients included in clinical trials, there is a risk
that interested physicians prescribe novel therapies to patients slightly outside
approved indication. In clinical practice this may underestimate the benefits of
new medicines and overestimate the risks, which is neither cost-effective nor
offers the best quality of care. Consequently, novel medicines with potential to
reduce mortality and morbidity need to be implemented more efficiently [157].
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Aims

The overall aims of this thesis were to investigate obstacles to implement
sacubitril-valsartan in a real-world heart failure population and to develop a
systematic and effective method to implement novel treatments in patients with
chronic disease.

Specific aims in the papers I-IV are as follows:

I.  To investigate if the PARADIGM-HF population is a fair representation
of a real-world HFrEF population.

II.  To examine sex differences in a heart failure population with regards to
treatment and patient characteristics and to investigate the impact of sex
on achieved doses of heart failure medications.

III.  To investigate the safety and tolerability in switching patients on target
dose renin-angiotensin system inhibitors directly to maximum-dose
sacubitril-valsartan.

IV. To develop a model for a systematic introduction and to test the

feasibility of this model on a new treatment of a chronic disease. Further,
to investigate how such an approach would be received by the patients.
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Methods

Study population

The thesis is based on medical record data from the Umed University Hospital,
Sweden. All patients alive at March 2016, were retrospectively included if they
had a heart failure diagnosis, were living within the hospital catchment area, and
had at least one specialist clinic visit at the Heart Centre or Department of
internal medicine between 1 January 2010 and 31 March 2016.

The heart failure diagnosis was obtained from medical records as primary or
contributory diagnosis according to the International Classification of Diseases,
10t revision codes 150.X, I42.X, and I11.0. All heart failure diagnosis had been
signed or countersigned by a specialist in cardiology or internal medicine. To be
recorded with an HFrEF diagnosis, patients also needed to have a EF of <40% or
<35%. Study populations in paper I-IV are presented in Figure 11.

Heart failure patients
(n=1924)

Patients with EF <40%
(1=622)

Patients with EF <35%
(n=401)

Patients on target dose
ACEI/ARB eligible for
sac/val (n=95)

Patients initiated
on sac/val (n=70)

Patients
switched
directly to
maximum-
dose sac/val
(n=66)

Paper Ill

Figure 11. Venn diagram showing the study populations in Paper I-IV. ACEI,
angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; EF,
ejection fraction; Sac/val, sacubitril-valsartan.

A specialist in cardiology reassessed the echocardiography examination results
for patients with EF 30-40% to validate the borderline heart failure diagnosis.
The diagnosis with mid-range or preserved EF was not further validated. Data
from patients with HFmrEF and HFpEF was only included in the patient
characteristics for the total heart failure population in Paper II.
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Settings

Umed University Hospital serves around 150,000 residents with a mixed urban
and rural population in Northern Sweden. The hospital comprises the only
cardiology clinic in the region. As stated by local guidelines, all patients with
suspected heart failure should be referred to the cardiology clinic for diagnosis
and up titration of heart failure medications.

Data collection

The data was manually collected from the hospital’s electronic medical records
system (NCS Cross), between 1 June 2015 and 31 March 2016. A standardized
protocol was applied, including clinical characteristics, laboratory data,
medications, use of devices, and echocardiography and electrocardiography
parameters.

To validate the collected data we performed validity assessments on a sample of
the collected data. One researcher performed an additional data collection
according to the standardized protocol on a minor proportion of medical records.

Study design

Patients were considered eligible for sacubitril-valsartan in all papers if they
fulfilled the main PARADIGM-HF study criteria [90]:

18 years and older,

EF <35%,

ACEI/ARB in target dose (equivalent to enalapril 20 mg daily),
NT-proBNP =600 pg/ml,

eGFR =30 mL/min,

systolic blood pressure =95 mm Hg,

serum potassium level <5.4 mmol/L.

o O O O 0O O O

The Cockcroft-Gault equation was used to calculate eGFR in all papers.

In Paper I, a second selection process was performed with the above-described
PARADIGM-HF criteria except with EF <40% and at least half dose ACEI/ARB
(equivalent to enalapril 10 mg daily) to assess the eligibility before the enrolment
criteria were made stricter.

In paper II, sex differences in the total heart failure population and HFrEF
population (EF <40%) were analysed. To assess if sex was an independent
predictor for achieved doses of heart failure medications - ACEI/ARB, beta-
blockers, and MRA - patients with HFrEF were included in a multivariable linear
regression analysis.
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Paper III was a prospective cohort study with patients eligible for sacubitril-
valsartan. Inclusion of patients were performed between April 2016 and
November 2017. Patients were identified either through screening by the
systematic introduction approach or in routine care during the study period.
Identified patients were switched directly from target dose ACEI/ARB to
maximum-dose sacubitril-valsartan (200 mg twice daily). Patients were
instructed to wait 24 hours between the last ACEI/ARB dose until the first
sacubitril-valsartan dose. Patients were followed up with blood pressure
measurements after 2 weeks if systolic blood pressure was 110 mm Hg or less at
baseline visit. Further, follow-up for tolerability and safety was performed after 3
and 12 months. Tolerability was assessed as patient-reported adverse events,
need of dose reduction, and drug discontinuation. Safety was assessed as
hospitalization or emergency room visits within 14 days of initiation or
development of angioedema within 12-months follow-up.

Systematic introduction approach

The systematic introduction approach is a process of seven steps, presented in
Paper IV. The procedure is summarized in Figure 12.

Step 1: Define which criteria to use for the specific treatment. This requires
discussion with hospital administrators responsible for budget allocation. We
recommend keeping the criteria as strict as possible to optimize cost-
effectiveness, especially when the treatment has not been widespread. Large-
scale clinical studies as well as established guidelines should be the foundation of
the criteria.

Step 2: Start with the one or two main criteria and perform a primary scan to
identify patients. Use computerized medical records, databases or clinical
registries for this step.

Step 3: Perform a careful examination of the medical records of the identified
patients to apply the other predefined criteria and sort out the patients who have
contraindications to the treatment or are clearly not suited for other reasons.
Step 4: Evaluate if any examinations or laboratory test updates are required.
Step 5: Summon the identified patients with an information letter. The letter

should contain short information about the new therapy and why they are
summoned to the clinic.
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Step 6: Discuss the new treatment option with the patient. Explain risks and
benefits with the therapy and involve the patient in the treatment decision.
Initiate treatment to appropriate patients.

Step 7: Follow-up regarding adverse events, dose adjustments and other aspects
depending on the introduced therapy. Evaluate the process itself, whether-or-not,
the prespecified criteria were useful in identifying the correct patients or if there
would have been an easier way of identifying the patients.

1. Decide which criteria to apply for the specific treatment

2. Primary scan: use a registry/database/medical record system to
identify patients with the one or two main criteria

3. Careful examination of patient records to apply the other criteria

4, Evaluate if any examinations/laboratory test updates
are required

5. Summon identified patients to the clinic
with an information letter

6. Discuss new treatment with patient
and prescribe to appropriate patients

7. Follow-up

Figure 12. Workflow in the Systematic introduction approach.

In Paper IV, the systematic approach was evaluated with a mixed method,
including both a case study of the implementation of sacubitril-valsartan and a
qualitative interview study.

Case study: Implementation of Sacubitril-Valsartan

In the case study, the main PARADIGM-HF criteria were applied as predefined
criteria in the systematic patient selection in Step 1 to 3. In Step 4, patients with
an echocardiogram older than 18 months were reexamined. In Step 5, the
information letter was written and signed by the heart failure cardiologist in
charge of the program. A research nurse sent the letters. In Step 6, a heart failure
cardiologist evaluated other therapies and discussed pros and cons of sacubitril-
valsartan with the patients and prescribed the medicine if both physician and
patient agreed. In Step 7, follow-up was performed at 3 (by telephone) and 12
months (outpatient visit). Patients with systolic blood pressure of 110 mm Hg or
less at the baseline visit had an additional 2-week follow-up of blood pressure.
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Qualitative study

An interview study was performed to investigate patients’ experiences with the
systematic introduction approach. Patients were invited consecutively to
participate in an interview at the baseline visit of the sacubitril-valsartan case
study. In total, 24 interviews were conducted (22 male and 2 female patients) by
one member of the research team trained to do semi-structured interviews. The
interviews were transcribed verbatim and analysed with a general inductive and
manifest approach with qualitative content analysis, inspired by Graneheim and
Lundman [158]. Text segments that corresponded to the aim of the interview
study were labelled with codes and further sorted into categories. Two members
of the research team performed the coding separately and subsequently discussed
coding discrepancies to reach consensus of the final coding.

Statistics

All statistical analyses were performed with IBM SPSS Statistics, version 24
(Paper I) or 25 (Paper II and III) (Armonk, NY, USA.). The level of significance
was set as 0.05.

Descriptive statistics

Statistical analyses of patient characteristics were performed with t-, chi-square,
and Mann Whitney U tests for continuous, categorical and non-normally
distributed continuous variables, respectively. Descriptive data for continuous
variables are presented as means with standard deviations, or, as medians with
interquartile range if non-normally distributed. Categorical variables are
described as frequencies with proportions. In Paper III, paired t-test was used
for comparisons between baseline and follow-up.

Regression analysis

In Paper II, factors predicting the percentage of achieved target dose of
ACEI/ARB, beta-blockers, and MRA in patients with HFrEF (EF <40%), were
determined using a manual stepwise backward multivariable linear regression
model. Percentage of achieved target doses was calculated as the latest
prescribed dose divided by the target dose of the individual substance,
according to ESC guidelines [26], for each patient separately as a continuous
variable. Target doses are defined in Table 5. For example, if a patient is
prescribed enalapril 5 mg twice daily (target dose 10 mg twice daily), the
percentage of achieved target dose is 50%. The selected target doses were in
strict accordance to the guidelines and did not consider individual decisions for
lower target doses due to renal function, body weight or other reasons.
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Table 5. Target doses of heart failure medications [26].

Heart failure medications Target doses

Angiotensin-converting enzyme inhibitors (ACEl)

Captopril 150 mg
Enalapril 20 mg
Lisinopril 20 mg
Ramipril 10 mg

Angiotensin receptor blockers (ARB)

Candesartan 32 mg
Irbesartan 150 mg
Losartan 150 mg
Telmisartan 80 mg
Valsartan 320 mg

Beta-blockers

Bisoprolol 10 mg
Carvedilol 50 mg
Metoprolol 200 mg

Mineralocorticoid receptor antagonists (MRA)
Eplerenone 50 mg
Spironolactone 50 mg

Separate analyses were performed for each group of heart failure medication:
ACEI/ARB, beta-blockers, and MRA. First, bivariate models were performed
with the most relevant patient characteristics; age, sex, body weight, eGFR,
systolic blood pressure, heart rate, EF, NT-proBNP, serum potassium, atrial
fibrillation, coronary artery disease, diabetes and hypertension. Variables were
reviewed to explore distribution, outliers and dependency. Since 5% of eGFR
values were outliers (>130 ml/min) due to extreme body weight or muscle mass,
these were truncated to 130 ml/min to reduce the statistical impact in the
multivariable analysis. Variables with a P value less than 0.25 were later
included in a manual stepwise backward multivariable linear regression analysis
to determine the final prediction models. Further, interaction terms for sex*age,
sex*body weight and sex*eGFR were included in the multivariable analyses. Sex
was kept in the backward analysis, even if not significant, since it was central to
our aims. P values less than 0.05 were considered significant in the final
models.
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Kaplan-Meier
In paper III, persistence on sacubitril-valsartan therapy during the first year was
summarized in a Kaplan-Meier curve.

Ethics

The studies in this thesis were conducted in accordance with the Declaration of
Helsinki and were approved by the Regional Ethical Review Board in Ume3,
Sweden, registration numbers 2015-419-31 and 2016-233-32M.

Medical records data is, according to law, under secrecy but can be made available
for research purposes with an approval from an Ethical Review Board. Health-
related data is classified as especially sensitive information, and because research
on medical record data/health data registries are not optional and the patient
cannot give consent to participate, the responsibility for non-disclosure should be
emphasized. The manually collected medical record data for this thesis is stored
on a computer protected by the firewall of Umed University Hospital. The
responsible researcher coded the personal identification numbers and all
statistical analyses were performed on anonymous data sets. All analyses were
performed on group level and no lone individual is possible to identify.

Participants in Paper III and IV gave written consent to participate in the studies
after given written and oral information at the baseline visit. They were informed
about confidentiality and data protection, that participation in the study is
voluntary and would not affect future care. The participants were also informed
that they could request individual extracts from study data and that they could
withdraw from the study at any time.
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Results

Study population and data validity

In total, 1924 patients with heart failure were included in this thesis. Of these,
622 patients had an EF of 40% or less and 401 patients 35% or less at the latest
echocardiography. Women represented about a third of these HFrEF populations
(30% vs. 28% women, respectively).

The reassessment of a minor sample of the collected data from the electronic
medical records showed high compliance with the original data collection.

Eligibility for Sacubitril-Valsartan

The eligibility for sacubitril-valsartan in the Umeé heart failure population was
investigated according to the PARADIGM-HF criteria; by applying the first two
steps of the systematic introduction approach (see Figure 13A). After all criteria
had been applied, 95 patients (16% women) fulfilled all criteria and were eligible
for sacubitril-valsartan. This corresponds to 24% of the HFrEF population (EF
<35%) and 5% of the total Ume4 heart failure population.

As PARADIGM-HF initially used less strict inclusion criteria, with EF <40% and
a pre-study dose of at least half target dose ACEI/ARB, a second selection was
performed with these criteria (see Figure 13B). This resulted in 250 patients (22%
women) eligible for sacubitril-valsartan, which corresponds to 40% of the HFrEF
population (EF <40%) and 13% of the total Ume4 heart failure population.

A

Patients with
heart failure
(n=1924)

Patients with
EF <35%
(n=401)

Patients on Excluded patients (n = 60):
target dose NT-proBNP <600 ng/L (n = 50)
ACEI/ARB eGFR <30 ml/min (n=1)
(n = 155) Systolic blood pressure <95 mmHg (n = 6)
Serum potassium >5,4 mmol/L (n = 3)

Patients
eligible for

sac/val
(n=95)
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Patients with
heart failure
(n =1924)

Patients with
EF <40%
(n=622)

Patients on Excluded patients (n = 164):
half dose NT-proBNP <600 ng/L (n = 126)

ACEI/ARB eGFR <30 ml/min (n = 22)
(n=414) Systolic blood pressure <95 mmHg (n = 12)
Serum potassium >5,4 mmol/L (n = 4)

Patients
eligible for
sac/val
(n =250)

Figure 13. Selection of patients eligible for sacubitril-valsartan in the Umed heart
failure population when applying main enrollment criteria from the PARADIGM-HF
trial. (A) First selection including EF <35% and ACE inhibitor or ARB in target dose.
(B) Second selection including EF <40% and ACE inhibitor or ARB in half dose. In both
(A) and (B) the following exclusion criteria were applied; NTproBNP <600 pg/mL,
eGFR <30 mL/min, systolic blood pressure <95 mmHg, and serum potassium level
>5.4 mmol/L. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; EF, ejection fraction; eGFR, estimated glomerular filtration rate; NT-
proBNP, N-terminal pro-B-type natriuretic peptide; PARADIGM-HF, Prospective
Comparison of Angiotensin Receptor—Neprilysin Inhibitor (ARNI) with ACE inhibitor
to Determine Impact on Global Mortality and Morbidity in Heart Failure; Sac/val,
sacubitril-valsartan.

Real-world cohort versus PARADIGM-HF population

Patient characteristics were compared between the Umed HFrEF (EF <35%)
population and the PARADIGM-HF population in Table 6. The most prominent
difference was that patients in the real-world Umed population were 10 years
older (73.2 + 10.3 vs. 63.8 + 11.5 years, P<0.001) than the phase III study
population. Other differences were higher systolic blood pressure (128 + 17 vs.
122 + 15 mmHg, P<0.001) and higher heart rate (77 + 17 vs. 72 + 12 b.p.m.,
P<0.001) in the real-world cohort compared with the PARADIGM-HF
population. The real-world patients were also more likely to have a history of
atrial fibrillation (51.6% vs. 36.2%, P=0.002), MRA treatment (70.5% vs. 54.2%,
P=0.002), and devices, such as implantable cardioverter—defibrillator (23.3% vs.
14.9%, P=0.04) and cardiac resynchronization therapy (18.9% vs. 7.0%,
P<0.001).
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Table 6. Patient characteristics in the Umed cohort versus the PARADIGM-HF

population.
Characteristics® Umea cohort
(n =95)
Age —yr 73.2+10.3
Female sex - no. (%) 15 (15.8)
Systolic blood pressure — mmHg 128 £17
Heart rate — b.p.m. 77 £17
BMI — kg/m? 284 +5.8
Serum creatinine - mg/dI° 1.09 £ 0.3
Ejection fraction - % 29.8+5.4
NT-proBNP (IQR) - pg/ml 1681 (1074-
3337)
Medical history - no. (%)
Hypertension 66 (69.5)
Diabetes 25 (26.3)
Atrial fibrillation 49 (51.6)
Myocardial infarction 42 (44.2)
Pretrial use of ACEI 65 (68.4)
Pretrial use of ARB 32 (33.7)
Treatment at randomization — no. (%)
Beta-blocker 91 (95.8)
MRA 67 (70.5)
Diuretic 64 (67.4)
Digitalis 17 (17.9)
IcD¢ 22 (23.2)
CRT® 18 (18.9)

PARADIGM-HF
(n=4187)
63.8+11.5
879 (21.0)

12215
72412
28.1+5.5
1.13+0.3
29.6+6.1

1631 (885-3154)

2969 (70.9)
1451 (34.7)
1517 (36.2)
1818 (43.4)
3266 (78.0)
929 (22.2)

3899 (93.1
2271 (54.2
3363 (80.3
1223 (29.2
623 (14.9)
292 (7.0)

—_— — — ~—

P value

<0.001
0.27
<0.001
<0.001
0.62
0.20
0.72

c

0.85
0.11
0.002
0.96
0.04
0.01

0.42
0.002
0.002

0.02

0.04

<0.001

ACEIl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body
mass index; CRT, cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator;

IQR, interquartile range; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-
B-type natriuretic peptide; PARADIGM-HF, Prospective Comparison of Angiotensin Receptor—
Neprilysin Inhibitor (ARNI) with ACE inhibitor to Determine Impact on Global Mortality and

Morbidity in Heart Failure.

aPlus—minus values are means * standard deviation. Statistical significance level P <0.05.

bTo convert the values for creatinine to micromoles per liter, multiply by 88.4.

¢Standard deviation is missing.

dincluding patients with cardiac resynchronization therapy defibrillator (CRT-D).
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Sex differences in heart failure

In Paper I, many women were excluded during the selection process. Figure 14
shows the proportion of women in each selection step. From 830 (43%) female
patients in the total Umeé cohort to 15 (16%) female patients among the eligible
patients. The most notable loss of eligible female patients was when the criterion
of ACEI/ARB in target dose was applied, after which only 29 (19%) female
patients remained. Paper II was designed to investigate the reasons behind this
unexplained sex difference regarding patient characteristics and heart failure
treatment.

Female heart
failure patients
(n=830)

43%

Females with
EF <35%
(n=112)

28%

Females on target
dose ACEI/ARB
(n=129)

19%

Females eligible
for sac/val
(n=15)

16%

Figure 14. Proportion of female patients during patient selection, according to
PARADIGM-HF criteria including EF <35% and ACEI or ARB in target dose. Between
step 3 and 4, the following exclusion criteria were applied for eligible patients; NT-
proBNP <600 pg/mL, eGFR <30 mL/min, systolic blood pressure <95 mmHg, and
serum potassium level >5.4 mmol/L. ACEI, angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; EF, ejection fraction; eGFR, estimated glomerular
filtration rate; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PARADIGM-
HF, Prospective Comparison of Angiotensin Receptor—Neprilysin Inhibitor (ARNT)
with ACE inhibitor to Determine Impact on Global Mortality and Morbidity in Heart
Failure; Sac/val, sacubitril-valsartan.
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Patient characteristics

Patient characteristics were compared between women and men in the total heart
failure population, as well as in patients with HFrEF (EF <40%). Table 7 shows
the HFrEF population. Among patients with HFrEF, 29 patients had a recent
diagnosis, set within three months of data collection, and possibly did not have
sufficient time for complete up titration. Seven of these had received maximum
target dose ACEI/ARB, and nine had received maximum dose beta-blockers.

Women were significantly older, had lower body weight, lower eGFR, higher
systolic blood pressure, less coronary artery disease, and received less heart
failure medications and devices, in both the HFrEF and total heart failure
population. Women in the total heart failure population also had significantly
higher EF and heart rate compared with men, which were not shown in patients
with HFrEF.

Table 7. Patient characteristics by sex in patients with HFrEF (EF <40%).

Characteristics Women Men P value

(n=188)  (n=434)

Age —years 79.1+11.1 743 +11.7 <0.001
Body weight — kg 69.6 + 16.5 85.5+17.6 <0.001
Height —cm 161.0+£6.5 175.4+7.4 <0.001
BMI - kg/m? 26.8+5.8 27.7+5.1 0.047
eGFR - ml/min 49.2+24.4 70.8 +30.4 <0.001
Systolic blood pressure — mmHg 129+ 20 124 + 18 0.001
Heart rate — beats/min 77 £15 75+ 16 0.12
Ejection fraction - % 344+5.9 33.3+6.3 0.04
NT-proBNP, median (IQR) - pg/ml 1884 1401 0.10

(578-4080) (579-3119)
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Table 7. Continued

Medical history, n (%) Women Men P value
(n =188) (n = 434)

Atrial fibrillation 88 (47) 213 (49) 0.60

Coronary artery disease 72 (38) 243 (56) <0.001

Diabetes 43 (23) 107 (25) 0.63

Hypertension 126 (67) 297 (68) 0.73

Medications and devices, n (%)

ACEl or ARB 164 (87) 403 (93) 0.02
Beta-blocker 169 (90) 395 (91) 0.66
MRA 76 (40) 219 (51) 0.02
Loop-diuretics 138 (73) 259 (60) 0.001
IcD* 14 (7) 78 (18) 0.001
CRT' 19 (10) 71 (16) 0.04

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body
mass index; CRT, cardiac resynchronization therapy; EF, ejection fraction; eGFR, estimated
glomerular filtration rate; HF, heart failure; HFrEF, heart failure with reduced ejection fraction;
ICD, implantable cardioverter defibrillator; IQR, interquartile range; MRA, mineralocorticoid
receptor antagonist; NT-proBNP, N-terminal pro—B-type natriuretic peptide.

TIncluding patients with cardiac resynchronization therapy defibrillator (CRT-D).

Heart failure treatment

In the HFTEF (EF <40%) population, approximately 90% of the patients had an
ACEI/ARB and a beta-blocker, while 47% had a MRA. Women were prescribed
significantly lower doses of ACEI/ARB and MRA, but no significant differences
were shown in beta-blocker dose (see Figure 15A). Target doses of ACEI/ARB,
beta-blockers, and MRA were prescribed in 37%, 20% and 4%, respectively (see
Figure 15B). The distribution of patients according to target dose levels are
presented in Figure 16.
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Figure 15. Patients with heart failure and ejection fraction <40%
A) Average proportion of target dose of angiotensin-converting enzyme inhibitors
(ACEI) or angiotensin receptor blockers (ARB), beta-blockers and mineralocorticoid
receptor antagonists (MRA), and B) Total proportion of patients on target dose of
ACEI/ARB, beta-blockers and MRA, according to sex. P values refer to differences

between men and women. NS; Not significant.
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Figure 16. Proportion of patients with heart failure and ejection fraction <40%
according to target dose level of angiotensin-converting enzyme inhibitors (ACEI) or
angiotensin receptor blockers (ARB), beta-blockers and mineralocorticoid receptor
blockers (MRA). NS, Not significant.
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Factors affecting achieved target dose of heart failure medications
The bivariate models for ACEI/ARB, beta-blockers and MRA in patients with
HFrEF (EF <40%) are shown in Table 2 in Paper II. The final multivariable
regression models are shown in Table 8. Sex was not an independent predictor
for achieved proportion of target dose heart failure medications. However, age
was negatively associated with higher target dose for all heart failure medications,
which shows that younger patients received (or tolerated) higher doses. eGFR was
independently associated with higher proportion target dose for ACEI/ARB and
MRA, while body weight and atrial fibrillation were independently associated
with higher beta-blocker dose. These results show that the better renal function
(higher eGFR) the higher doses of ACEI/ARB and MRA were prescribed. Further,
the higher body weight the higher beta-blocker dose was prescribed and patients
with atrial fibrillation received higher doses of beta-blockers. Heart rate, systolic
blood pressure, and EF were associated factors for both ACEI/ARB and MRA, but
not for beta-blockers. Non-significant results were shown for the interaction
terms for sex*age, sex*body weight and sex*eGFR, and these were omitted from
the final models.
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Table 8. Final regression models regarding percentage of achieved target doses of
ACEI/ARB, beta-blockers and MRA in patients with ejection fraction <40% (n = 622).

ACEI/ARBt

B 95% CI P value
Sex' -0.002 -0.067 to 0.064 0.959
Age -0.006 -0.009 to -0.003 <0.001
eGFR 0.003 0.002 to 0.004 <0.001
Systolic blood pressure 0.002 0.000 to 0.003 0.012
Heart rate -0.002 -0.004 to -0.001 0.006
Ejection fraction -0.005 -0.009 to -0.001 0.028
Adjusted R>=0.177
Beta-blockerst

B 95% CI P value
Sex’ -0.021 -0.085 to0 0.043 0.527
Age -0.007 -0.010 to -0.005 <0.001
Body weight 0.002 0.001 to 0.004 0.002
Atrial fibrillation 0.067 0.012to 0.123 0.018
Adjusted R?=0.089
MRA%

B 95% Cl P value
Sex’ -0.040 -0.088 to 0.009 0.108
Age -0.003 -0.005 to -0.001 0.012
eGFR 0.002 0.001 to 0.003 <0.001
Systolic blood pressure -0.001 -0.002 to 0.000 0.038
Heart rate -0.001 -0.003 to 0.000 0.026
Ejection fraction -0.005 -0.008 to -0.002 0.001
Serum potassium 0.078 0.030to 0.125 0.001

Adjusted R>=0.168

ACEl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; B,
unstandardized B-coefficients; Cl, confidence interval; eGFR, estimated glomerular filtration
rate; NT-proBNP, N-terminal pro-B-type natriuretic peptide; MRA, mineralocorticoid receptor
blockers.

tReference female

FAdjusted for body weight, NT-proBNP, serum potassium, atrial fibrillation, coronary artery
disease, diabetes, and hypertension.
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Safety and tolerability with the simplified switch to sacubitril-
valsartan

In total, 66 patients tolerating target dose ACEI/ARB were switched directly to
maximum dose sacubitril-valsartan. The cohort consisted of mainly white (98%),
male (92%) patients, with a mean age of 72 + 10 years, which belonged to NYHA
class II or III (29% and 61%, respectively) (see Table 9). Mean systolic blood
pressure was 121 + 17 mm Hg, and four patients had a systolic blood pressure of
o5 mm Hg.

Table 9. Baseline characteristics of patients switched directly to maximum-dose
sacubitril-valsartan.

Characteristicst Patients (n = 66)
Age, years 72+10
Male sex (n, %) 61 (92)
Systolic blood pressure, mmHg 121+17
Diastolic blood pressure, mmHg 72+11
Ejection fraction, % 306
Heart rate, b.p.m. 76 £18
Serum potassium, mmol/L 4.4+0.4
eGFR, ml/min 76 +32
Body weight, kg 93+21
BMI, kg/m2 31+10
NT-proBNP, ng/L (median, IQR) 1612 (774-3515)
NYHA class (n, %)

| 2(3)

Il 19 (29)
I 40 (61)
v 5(7)
Medical history (n, %)

Hypertension 42 (64)
Diabetes 19 (29)
Coronary artery disease 37 (56)
Atrial fibrillation 35 (53)
Medications (n, %)

ACEl 37 (56)
ARB% 29 (44)
Beta-blocker 63 (95)
MRA 47 (71)
Diuretics 42 (64)

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI, body mass index;
eGFR, estimated glomerular filtration rate; IQR, Interquartile range; MRA, mineralocorticoid receptor
antagonist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association.
TAll values were reported as mean + standard deviation unless otherwise indicated.

FAll patients were prescribed ACEI or ARBs in doses equivalent to enalapril 20 mg daily.
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17 patients
with
symptomatic
hypotension

66 patients
initiated on
sac/val

9 patients
discontinued
sac/val

Figure 17. Overview of patients initiated on sacubitril-valsartan (sac/val).

Of the 66 patients initiated on sacubitril-valsartan, four patients (6%) had to
reduce the dose within the first year (see Figure 17). Nine patients (14%)
discontinued treatment, eight of them (12%) due to adverse events. All reasons
for discontinuation within the first year are shown in Table 10. The most common
reasons were a slowly developing itching rash during the first weeks after
initiation (n = 3) and progressive renal impairment (n = 2). Symptomatic
hypotension was reported in 17 patients (26%) during the first year, of which one
patient discontinued sacubitril-valsartan and three patients reduced the dose.
The 13 remaining patients with symptomatic hypotension managed to remain on
the maximum dose. Persistence on sacubitril-valsartan treatment is shown in
Figure 18. The earliest treatment discontinuation was after 10 days; otherwise,
treatment was terminated after a median of three months.
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Table 10. Reasons for discontinuation of sacubitril-valsartan within first year.

Number

1

Patient

87-year old
man
82-year old
woman
81-year old
man
80-year old
man
79-year old
man
76-year old
man
77-year old
man
76-year old
man
69-year old
man

Reason for discontinuation
Dizziness, syncope and
a slowly developing itching rash
Irritated bowels

Slowly developing itching rash
Progressive kidney failure
Orthostatic hypotension,
even after dose reduction

Coughing

Progressive kidney failure

Slowly developing itching rash

Decided he did not want to continue with medication
that is not currently endorsed by national guidelines

Regarding safety, no hospitalizations or emergency room visits occurred within
the first 14 days. No angioedema was observed during the one-year follow-up.
Three patients died during follow-up, none of them within the first three months.
Systolic blood pressure was measured at baseline and 12-months follow-up and
was significantly reduced at 12-months follow-up (121 + 17 mm Hg at baseline vs.
115 + 15 mm Hg at 12-months, paired t-test P<0.05). Otherwise, there were no
significant differences between baseline, three month and 12 months follow-up
regarding serum creatinine, serum potassium, and NT-proBNP. Of the 37
patients previously on ACEI, 36 patients waited 24 hours between last-dose ACEI
and first-dose sacubitril-valsartan and one patient waited 48 hours.
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Figure 18. Kaplan-Meier curve of persistence on sacubitril-valsartan.

Systematic introduction approach

Implementation of sacubitril-valsartan in clinical practice

By applying the systematic introduction approach for the implementation of
sacubitril-valsartan, the feasibility of the model was tested in clinical practice.
The results from this case study is presented in Figure 19. Step 1 shows the entry
criteria based on PARADIGM-HF. In Step 2, the total heart failure population of
1924 patients were included, of which 401 patients had EF <35%. Further, 246
patients did not tolerate ACEI/ARB in target dose, 50 patients had NT-proBNP
less than 600 ng/L, one patient had eGFR less than 30 mL/min, six patients had
systolic blood pressure less than 95 mm Hg, and three patients had serum
potassium of 5.4 mmol/L or higher. A total of 95 patients remained for Step 3.

In Step 3, a manual review of medical records was performed on identified
patients with exclusion of four patients with other terminal illness or who died
before visit. An additional nine patients were no longer eligible due to NYHA class
I or NT-proBNP less than 600 ng/L. In Step 4, six additional patients were
excluded due to improved EF; hence, 76 patients remained.
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In Step 5 and 6, all 76 eligible patients were summoned to the clinic with an
information letter and the novel therapy discussed. Finally, 70 patients were
initiated on sacubitril-valsartan and followed-up with regards to Step 7.

1. Entry criteria:
* Heart failure
diagnosis 2. Primary scan:
* EF<35% * 1924 patients with o —
* Target dose heart failure 3. Manual review of
ACEI or ARB identified patients’ medical
* NTproBNP « 401 patients with records: 4. Examinations/lab:
z ;;)0 ;g/L ! EF <35% *4 patients had other | New
. 295 mmHg « 306 patients terminal illness echocardiography - ;
. . 5. Eligibl: tient
* eGFR 2 30 ml/min excluded when the (severe dementia, performed if latest Sumlngqloneegatole;r:] s were
* S-Potassium other criteria were terminal cancer) or examination older outpatient visit with an
< 5,4 mmol/L applied died ?efure visit | than 18 months . .
« 95 patients *9 patients lost eligibility . information letter
' patie before visit due to ° 'G'pa.\?lents lost . . New treatment
emaining NYHA class 1 or el'g'b'l',ty before visit | yicessed and prescribed
NTproBNP <600 ng/L | due toimproved EF 45505 rate patients
*82 pa.ti?nts ® 76 patients 7. Follow-up after 2
! ! weeks, 3 and 12 months

Figure 19. The patient selection process of introducing sacubitril-valsartan to eligible
patients. ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker; EF, ejection fraction; eGFR, estimated glomerular filtration rate; NT-proBNP,
N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; SBP,
systolic blood pressure.

Patient experiences with the systematic introduction approach

The qualitative content analysis resulted in three final categories; A good
approach, Role of the information letter, and Trust in healthcare. Table 11
presents the categories in more detail, including the identified codes and
supportive quotes.

Patients were overall satisfied with the new approach and thought it felt
reassuring to get the information letter in beforehand. The letter gave them an
opportunity to consider the treatment offer before meeting the physician. Even
though, some patients did not understand that they were summoned to discuss a
new therapy, despite the information letter. Patients also expressed a trust in care
and thought it felt reassuring with the follow-up procedure.
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Discussion

Main findings

We studied a real-world heart failure population to investigate obstacles to
introduce sacubitril-valsartan in a real-world heart failure population and to
implement a systematic introduction of a new treatment. We found in paper I
that a real-world heart failure population differed in several major aspects from
a landmark heart failure trial and, that only a fraction of the heart failure
population would be eligible for treatment if treatment guidelines would be as
strict as the study criteria. In paper II, we studied sex differences in heart failure
treatment and the results implicate that treatment differences were due to
biological differences more than an apparent gender bias. Proceeding to
implementation, we showed in paper III that initiating sacubitril-valsartan could
be made in a simpler way than recommended in the guidelines, and in paper IV,
we implemented a systematic approach for introduction of a new treatment that
possibly could be used for introducing other treatments as well.

Methodological considerations

All papers in this thesis are based on a single-center population, which reduces
external validity and generalizability to other settings. However, we have studied
a representative unselected real-world heart failure population without exclusion
of elderly and frail patients with dementia or other comorbidities. This is
important when investigating sex differences and implementation of novel
treatments in clinical practice. We have tried to include all patients with heart
failure within Ume& healthcare region and consequently called it a community-
based single-center study in Paper I. In Paper II-IV, however, we realized that
some patients might have been missed if they were only treated in primary care,
without being referred to the hospital specialist clinics for diagnosis and up-
titration of drug therapy. According to clinical experience, patients who are
missed in this thesis are primarily patients with mild heart failure and very elderly
with other terminal diseases. We are planning to perform a study to investigate
the primary care heart failure population in further detail.

A specialist in cardiology or internal medicine countersigned the heart failure
diagnosis for patients with HFrEF. For patient with borderline EF (30-40%) and
for patients without an exact EF value documented, a specialist in cardiology
reassessed echocardiography examination results. The HFpEF diagnosis were
not further validated and consequently a minor proportion of the patients might
be misdiagnosed. However, we only included patients with HFpEF in Paper II
where sex differences in the total heart failure population were analysed with
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descriptive statistics. Further, a recent study of heart failure diagnoses set
between 2000 and 2012 in western Sweden showed that the overall validity of
hospital discharge heart failure diagnoses was high [30]. Since Northern Sweden
apply with the same hospital diagnosis routines, it is reasonable to believe that
the validity of heart failure diagnoses is equally high in the Umea University
Hospital.

This thesis is primarily based on retrospective review of existing medical records,
which have inherent limitations. We were restricted to data already documented,
and in some cases, data were missing. Unfortunately, it was not possible to review
NYHA class based on the documented medical record data. Another problem with
data collection is the validity of collected data. Therefore, we performed validity
assessments on a sample of included medical records, which showed a high
agreement with the collected data and so forth indicates a high validity. In
addition, this thesis is primarily based on patients with HFrEF, where we had
echocardiography data that validated the heart failure diagnoses.

We used the Cockeroft-Gault equation to calculate eGFR in all papers. Previous
studies have shown Cockcroft-Gault as the most accurate formula to predict
mortality risk in heart failure patients and has traditionally been used in heart
failure trials [159]. It is also the most common method to estimate GFR in
pharmacological studies to assess dose adjustments according to renal
impairment level. Even though dose adjustments are made based on Cockcroft-
Gault and it might be the most accurate risk assessment formula in heart failure
patients, it has been shown as not the most accurate in predicting eGFR in heart
failure patients. We performed a study with 146 patients with heart failure (mean
EF 45% + 15) to validate eight creatinine-based equations for estimating GFR
against measured GFR (5:Cr-EDTA clearance) [160]. We showed that none of the
eight most commonly used eGFR equations was accurate enough. MDRD
(Modification of Diet in Renal Disease Study) was the most accurate formula for
patients with both heart failure and renal impairment.

In Paper III, we applied a 24-hours washout period instead of the guideline-
recommended 36-hours gap from the last ACEI/ARB dose until the first
sacubitril-valsartan dose. We did not observe any cases of angioedema during the
12-months follow-up, but all together, we did not have enough power to validate
this risk. We had an unexpected low mortality rate with only three death during
the one-year follow-up. However, we had a small study population and the
eligibility criteria from PARADIGM-HF primarily selected younger patients with
relatively mild symptoms.
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In Paper IV, we choose qualitative content analysis, with inspiration from
Graneheim and Lundman [158], to analyse the interviews. The choice of
qualitative method is dependent on the aim of the study. Our aim of the interview
study was to describe patient experiences with the new systematic introduction
approach, an area that no previous studies have investigated. Since content
analysis is a widely used technique in qualitative research and it gives the
researcher an opportunity to interpret meaning from the context of data to
increase knowledge or provide new insights [161, 162], it fit with our aim. Further,
we used an inductive, instead of deductive, analysis since inductive analysis is
recommended when no previous studies have investigated the phenomenon or
when the knowledge is fragmented [161]. Deductive analysis, on the other hand,
is useful if the aim is to test a previous theory in different settings or time periods.
Additional, we choose a manifest approach to analyse what the text says in
obvious components, in contrast to a latent approach where interpretation of the
underlying meaning (also including silence, sighs, laughter, posture etc.) is in
focus [158]. Hence, content analysis with an inductive and manifest approach was
an appropriate method to explore different patient experiences with our new
systematic introduction approach.

To achieve trustworthiness in our qualitative content analysis we have followed
the advice from Graneheim and Lundman [158]. We described the analysis
process, selected the most appropriate method for data collection and the amount
of data, and presented quotes to show the link between the data and the results.
To test the reliability of how well codes and categories covers the data, we were
two researchers who performed the coding single-handed and afterwards
discussed coding discrepancies to reach consensus of the final coding. The
transferability (or generalizability) of our results can be reduced due to local
routines and settings that are not present in other hospitals or countries.
However, as recommended in the literature [158, 161], we have tried to give a
description of the context, patient and data selection, as well as the analysis
process in order to enable the reader to follow the process and decide if the results
are representative to his/hers settings.
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Findings and implications

The gap of eligible patients in clinical trials and clinical practice

We found that only a fraction of patients in our single-center heart failure
population met all enrollment criteria from PARADIGM-HF. The main reason
was that real-world eligible patients were older. With age, several complicating
aspects contribute to reduced inclusion in clinical trials, such as renal
impairment, comorbidities, physiological and structural changes. In heart failure,
several crucial factors are associated with higher age. Older patients are more
likely to be women, to present with HFpEF and have an etiology of long-term
hypertension.

In more detail, we showed that 24% of the HFTEF (EF 35% or less) population
were eligible for sacubitril-valsartan according to the PARADIGM-HF criteria.
These results are consistent with previous and later studies. Real-world studies
on patients with HFrEF (EF 40% or less), have shown that between 20% and 26%
of the patients fulfilled the PARADIGM-HF randomization criteria [163-165].
Previous ACEI/ARB therapy was one of the main reasons for disqualification in
these studies. For example, Pellicori et al. [163] showed that if background
medication was ignored, the proportion increased from 21% to 60% eligible
patients. We found that sex was not associated with achieved dose of heart failure
medications in our real-world population; however, higher age, lower body
weight and lower renal function were the most prominent factors for not
achieving target doses.

Registry-based studies with more selected patient groups have shown that 12-
76% of the included patients are eligible for sacubitril-valsartan depending on
which background ACEI/ARB dose that are required [166-170]. Additional
studies have analysed eligible patients not only according to PARADIGM-HF
criteria but also for the less strict EMA/FDA labels, where 71% and 84% met label
criteria [165, 168]. The immense difference in eligibility numbers depending on
which criteria are applied highlights a gap between clinical trials and
recommended use in clinical practice.

The gap of women and elderly in clinical trials

Women and elderly are often underrepresented in heart failure trials, with no
exception in PARADIGM-HF. We showed that strict entry criteria in clinical trial
settings result in an even more pronounced under-representation of eligible
patients in clinical practice. Consequently, PARADIGM-HF included 22%
women, while only 16% women from our real-world population were eligible.
Further, our real-world cohort was 10 years older than the PARADIGM-HF
population.
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Similar results with low eligibility in women and elderly have been reported, not
only for sacubitril-valsartan, yet also for standard heart failure medications. A
cross-sectional study that included 20,388 heart failure patients from the
Medicare program showed that 17%, 13%, and 25% fulfilled all enrollment criteria
in the SOLVD (enalapril), MERIT-HF (metoprolol) and RALES (spironolactone)
trials, respectively [89]. In patients with HFrEF, the eligible proportions rise to
38%, 25%, and 55%, respectively. Significantly fewer women than men with
HFrEF met trial criteria for any of the three trials (35% vs. 40% for SOLVD, 23%
vs. 26% for MERIT-HF, and 54% vs. 55% for RALES, P<o0.01 for all). The
eligibility also markedly decreased with age. Both SOLVD and MERIT-HF had an
upper age limit of 80 years, but even when this age limit was ignored, only 35%
and 22% of the patients fulfilled all criteria.

Further, we showed that sex differences are the reasons why women were less
likely to meet enrollment criteria in PARADIGM-HF. Women with heart failure
are in general older, have lower body weight and lower renal function. These
biological sex differences are causing higher plasma concentrations in
hydrophilic drugs, increased volume of distribution and consequently, prolonged
effect durations in lipophilic drugs, as well as enhanced risk of adverse events,
which all decreases drug tolerance in women. When a fixed target dose is required
for inclusion, disproportionally many women are excluded due to intolerance.

Therefore sex- and age-specific analyses that assess risks and benefits in women
and elderly need to be implemented in research more efficiently than today.
Women and elderly also need to be included in clinical trials relative to the
representation in clinical practice, since extrapolation of results always means a
risk. By avoiding enrollment criteria that direct or indirect exclude women and
elderly in future studies we can all contribute to close this gap between clinical
trials and clinical practice. One step in the right direction is that institutes and
regulatory authorities nowadays more often require sex/gender and age pre-
specified analysis for funding applications.

The optimal dose of heart failure medications

Our results of low eligibility in clinical practice compared with trial settings and
the obstacles to achieve target doses, have drawn our attention to whether there
is an optimal dose for heart failure drugs and if sex-differentiated doses would be
beneficial. So far, heart failure guidelines recommend the same target doses of
heart failure medications to all patients, without distinctions between men and
women [26, 97]. Given that the recommended target doses are based on clinical
trials with predominantly middle-aged men and that the majority of landmark
trials lack subgroup analyses according to sex, many questions remain
unanswered. However, some efforts have been made to investigate if target versus
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below-target doses are more effective and whether there are sex differences in
drug exposure of heart failure treatment.

For ACEI, no significant difference in primary outcome have been shown for
patients treated with target dose of enalapril or lisinopril compared with patients
treated with below-target doses [171-173]. For beta-blockers, two studies showed
no significant difference in all-cause mortality according to beta-blocker dose
when target heart rate was reached [174, 175]. In contrast, two additional studies
showed that the risk for all-cause death and hospitalization decreased with
achieved beta-blocker dose [176] and achievement of target beta-blocker dose
was associated with lower mortality [177]. For ARNI, a post-hoc analysis of
PARADIGM-HF showed that patients who required a dose reduction during the
study period were at higher risk for major cardiovascular events than patients
who remained on target dose [178]. Sacubitril-valsartan was still more beneficial
than enalapril in patients who required dose reduction.

Regarding sex differences in drug exposure and pharmacodynamic effects of
heart failure treatment, a recent post-hoc analysis based on the BIOSTAT-CHF
(BIOlogy Study to TAilored Treatment in Chronic Heart Failure) trial showed
some interesting results. Among 1710 patients (24% women), a similar
proportion of men and women reached target doses of ACEI/ARB and beta-
blockers within the first three months of the study [61]. However, men had the
lowest hazards of death or heart failure hospitalization at full target dose of
ACEI/ARB and beta-blockers, while women had 30% lower risk at only 50%
target doses, with no further decrease in risk at higher dose levels. Comparable
results were seen in the HEAAL trial, who compared high versus low (150 mg vs.
50 mg) doses of losartan [110]. The highest dose level was more favorable in men,
while no significant difference between the two dose levels were seen in women.
For MRAs, similar beneficial effects have been shown regardless of sex [179].

Further, pharmacokinetic studies of beta-blockers have shown that women had
higher maximum plasma concentration and area under the curve of metoprolol,
which resulted in greater reduction in exercise heart rate in women compared
with men [180]. For ARNI, similar pharmacokinetic parameters were seen in
both sexes [130].

In summary, these studies indicate that - at least for some heart failure
medications - there might exist clinical relevant sex differences in the effects and
pharmacokinetics and that lower dose levels might already be beneficial in
women. This area need to be further investigated in future studies with sex-
specific analysis to be able to conclude whether there is an optimal dose for heart
failure medications or not.
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Direct switch to target dose sacubitril-valsartan

Heart failure guidelines recommend that evidence-based medications are
prescribed according to EF level and symptoms. Each patient is supposed to be
up titrated to a specific target dose, or the maximum tolerated dose, for every
initiated treatment step. To illustrate, European and American guidelines first
recommend initiating an ACEI and a beta-blocker in patients with symptomatic
HFrEF [26, 97]. As low starting-doses are preferred to reduce the risk of
hypotension and other adverse events, patients need to visit the outpatient clinic
several times before the maximum tolerated doses (preferably target doses) are
achieved. Patients who do not tolerate ACEI can be switched to ARB, with further
up-titration in several steps. In patients who are still symptomatic, despite target
doses of ACEI/ARB and beta-blocker, an MRA should be initiated and up titrated,
which means a couple of more appointments in the outpatient clinic. Further,
patients who are still symptomatic and have EF 35% or less, are recommended to
switch from ACEI/ARB to sacubitril-valsartan. According to guidelines,
sacubitril-valsartan should be initiated in half dose for 2-4 weeks before up-
titration to full target dose, meaning at least two additional visits. Consequently,
this guideline-recommended management means multiple up-titration visits for
each drug and patient, and there is a risk that clinic resources are stressed or that
clinicians and/or patients do not comply with the whole treatment adoption [181,
182]. When medications are not up titrated to target doses, there is a gap between
clinical trial and clinical practice. Therefore, studies are needed to investigate
simplified initiation managements that remain safe for the patient.

In the case of sacubitril-valsartan, previous studies have reported a slow
implementation and that many patients are not properly up titrated to target dose
within reasonable time [1, 3, 5, 164, 183-190]. Further, compliance to sacubitril-
valsartan treatment often decline within the first six months, yet the compliance
was highest among patients who were previous treated with ACEI/ARB, those
taking a higher number of total medications, and those initiated on target dose
sacubitril-valsartan [3, 189]. We therefore performed a prospective study to
investigate a simplified sacubitril-valsartan initiation for both clinicians and
patients.

Since sacubitril-valsartan was still a novel treatment with limited post-marketing
experiences of real-world safety issues, and because of budget reasons, we chose
to focus on the group of patients with so far best evidence. Hence, we only
included patients who met the PARADIGM-HF criteria, including tolerating
target dose ACEI/ARB. According to previous studies, these patients also have
the best opportunities for treatment consistent and adherence.

The direct switch was successful in our real-world population concerning both
safety and tolerability, and showed an alternative initiation management to
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patients already on maximum RAAS inhibition. This management would
probably simplify the initiation process with reduced up-titration visits in clinical
practice. It would also avoid a reduced RAAS inhibition during the otherwise 2-4
weeks of sacubitril-valsartan in half dose.

Early experiences of sacubitril-valsartan in clinical practice

Our study with the direct switch to maximum-dose sacubitril-valsartan covers an
example of early experience in clinical practice that can help clinicians to make
more evidence-based treatment decisions. Real-world data on sacubitril-
valsartan use has been scarce for quite a long time, despite inclusion in European
and American heart failure guidelines since 2016 and 2017, respectively.
However, more and more experiences from routine care are published.

Beneficial effects on symptoms, morbidity and mortality have been shown when
patients with HFrEF were treated with sacubitril-valsartan in clinical practice. In
a U.S. study, 200 HFTEF patients were treated with sacubitril-valsartan for four
months [183]. Patients had a significant reduction in hospitalizations within the
follow-up period, as well as significant reductions of fatigue and shortness of
breath. In two retrospective Belgian studies, 120 respectively 201 HFrEF patients
on sacubitril-valsartan were followed up for a mean time of three and seven
months, respectively [188, 191]. The results showed significantly improved NYHA
class [188, 191] and reduced left ventricular remodeling, measured as larger
increase in EF and larger reduction in left ventricular end systolic volume [191].
Improved NYHA class was also shown in a small prospective study from
Switzerland, including 52 HFrEF patients in primary care [190]. Thirty-six
percent of the patients achieved target dose of sacubitril-valsartan for over 12
weeks. A reduced proportion of patients in NYHA class III and increase in NYHA
class IT were shown. Similar to Paper III, a retrospective Irish study of 297 HFrEF
patients showed that 13% of the patients discontinued sacubitril-valsartan due to
adverse events, most commonly symptomatic hypotension [186]. A reduction in
NT-proBNP >30% was seen in 46% of the patients and 49% had an increase in
EF >5%.

Regarding morbidity and mortality, a study from Taiwan compared 466 HFrEF
patients on sacubitril-valsartan with 466 HFrEF patients on standard heart
failure therapy [192]. The sacubitril-valsartan group had a 34% lower risk of the
primary outcome cardiovascular death or first heart failure hospitalization. The
primary outcome was also significantly lower in the sacubitril-valsartan group for
patients with HFrEF and chronic kidney disease. Further, in a retrospective US
study with 279 HFrEF patients on sacubitril-valsartan and 279 matched HFrEF
patients on ACEI/ARB, the sacubitril-valsartan group was less likely to be
hospitalized [193]. A cost-benefit analysis showed that despite higher pharmacy
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costs, patients treated with sacubitril-valsartan had lower monthly medical and
total healthcare costs.

Safety monitoring of novel therapies in clinical practice

When novel therapies are introduced, either with the systematic introduction
approach or with conventional methods, it is important that drug safety is
monitored in routine care. Our approach means that eligible patients get earlier
access to the novel treatment compared to routine care. Earlier access gives the
patient an opportunity to gain treatment benefits, yet in the same time earlier
access also increases the risk of unexpected or rare side effects. Therefore, the
EMA post-authorisation pharmacovigilance system involve important safety
assessments after a new medicine is approved on the market. In the case of
sacubitril-valsartan, it is under additional monitoring because there are limited
clinical experience with the new substance sacubitril.

CER is another tool to provide vital information on new substances, such as
sacubitril. We have a small study population in this thesis, however, the
systematic approach complements the framework of the Swedish CER study
previously described [149], since we can chart and follow-up on a real-world heart
failure population. For example, Paper III showed a high proportion of
symptomatic hypotension (26%), but no serious adverse events during the first
year of treatment. Notably, three patients developed an itching rash leading to
discontinuation of sacubitril-valsartan, which was not reported in PARADIGM-
HF, probably due to the exclusion of patients with adverse events during the run-
in phase.

Clinical implications for the Systematic introduction approach

We tested the systematic introduction approach in clinical practice as a case
study. The approach showed to be a useful and effective method for
implementation of sacubitril-valsartan to patients with chronic heart failure. We
have developed the model to be flexible enough to apply within any therapy or
healthcare facility. When novel therapies receive regulatory approval, our
systematic approach can be customized according to, e.g., enrollment criteria
from clinical studies, guideline-recommended national or local implementation
criteria. Based on available electronical systems, the selection process can be
modified to fit the specific therapy. For instance, we are soon about to use the
model for implementation of dapagliflozin in our heart failure population.
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The model can also be applicable for older drugs that are underutilized, as long
as the evidence is still valid. Possible areas would be to introduce, e.g., MRA
treatment in patients with HFrEF and moderate renal impairment [182, 194,
195], or profylactic treatments in patients with osteoporosis [196-198].

By using computerized medical records/databases/registries in a systematic way,
it is possible to identify eligible patients within a specified region with limited
resources and time. In the case study, we were able to do a broad introduction of
sacubitril-valsartan to eligible patients within Umeé healthcare region. The
approach guaranties that strict criteria are used in the selection process - assuring
that the right patients are assessed - which contributes to the cost-effectiveness
and a higher quality of care.

The swift and effective introduction of sacubitril-valsartan was reflected in the
national drug statistics from 2016 [199], which was the first year after the drug
approval. Figure 20 shows that even with our strict interpretation of the
PARADIGM-HF study criteria, our county (Visterbotten) had the fastest

introduction of sacubitril-valsartan in the country.
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Figure 20. Patients on sacubitril-valsartan per 1000 inhabitants in year 2016 [199].
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If healthcare would start using the systematic introduction approach during
implementation of novel - or underutilized older - treatments, many patients with
chronic disease would get an earlier eligibility assessment. The model is based on
strict criteria ensuring that the patient selection is objective and minimizes
discrimination due to age, sex, gender, comorbidities etc. A more effective
implementation process would result in patients getting access to therapy faster
and the healthcare would have a better chance to prevent disease progression and
future harmful events.

Instead of waiting for massive education campaigns to be evolved, and rely on the
interest and knowledge of the individual clinician meeting the patients, our
suggestion is that a dedicated implementation group manage the patient selection
with our systematic approach. This group would preferably consist of specialists,
nurses, pharmacists, physiotherapists or other appropriate healthcare
professionals that are interested in the specific therapy.

Finally, the initial workload is probably more intense with the systematic
introduction approach than the conventional implementation process in clinical
practice. We have not performed any cost-benefit analyses with the approach, yet
it is based on already available data and is therefore easy accessible. If a
thoroughly work is made during planning and criteria selection it is possible to
choose the most appropriate data sources for the patient selection, and hence,
minimizing the workload with the new approach as much as possible. Additional,
the regular annual visits that patients with chronic diseases are summoned to in
routine care, are primarily focused on treatment and symptom control and rarely
result in an active measure. Our case study showed that using the approach
resulted in treatment initiation in the majority of cases, which indicates that the
extra work effort was focused on the right patients. Moreover, if the result with
the initiated therapy is healthier patients, we believe that the initial short-term
budgetary impact will be balanced with cost savings in the long run.
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Conclusions

We found that only a quarter of a real-world heart failure population would be
eligible for the novel drug sacubitril-valsartan, if treatment guidelines would be
as strict as the landmark trial criteria. The majority of patients, and
disproportionally many females, were excluded due to intolerance of renin-
angiotensin system inhibitors in target doses. Biological sex differences - such as
higher age, lower body weight and lower renal function - were the most
prominent factors why less women than men achieved target doses of heart
failure medications. When the strict landmark trial criteria are applied, they have
an inherent bias versus the old and the frail, which in turn disproportionately
affects women.

Our simplified initiation management with a direct switch to maximum-dose
sacubitril-valsartan, in patients who already tolerated target doses of renin-
angiotensin system inhibitors, was safe and generally well tolerated with no
serious adverse events or safety issues during the first year.

We developed a new systematic introduction approach for implementation of
novel treatments to patients with chronic disease. By applying our approach in
routine care, we showed that it was a swift and effective method to introduce a
novel drug with limited resources and time. The patients were overall satisfied
with the new approach and their confidence in healthcare was maintained.

This is a promising example of how to reduce the gap between clinical trials and
clinical practice in patients with chronic disease.
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