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Heart failure (HFrEF) history and current understanding

- 1980 Pump failure - Heart replacement: Transplant, MCS/LVAD
Stimulants: inotropes, digoxin ... coen
Diuretics . i
£l
1970s - 1990s Load hypothesis 2  Vasodilators ":; Injury, remodeling
5 T
1980s — 2014 Neurohormonal hypothesis: = L lompensation 1 e

- Explained why HF did not heal, but got worse spontaneously  time
- ACEi/ARB, beta-blocker, MRA: neurohormonal BLOCKADE

2000s = Devices
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- Explained why HF did not heal, but got worse spontaneously  time
- ACEi/ARB, beta-blocker, MRA: neurohormonal BLOCKADE

2000s = Devices

2014 > Maladaptive and adaptive neurohormonal compensation:
ARNi = neurohormonal MODULATION

2019 > More complex: SGLT2-inhibitors = load, energetics, remodelling
2020 2 sGC stimulators (and activators) = cGMP > multiple targets (e.g. vasorelax,
J hypertrophy, fibrosis, T~ compliance)



Heart Failure Challenges 2019 — how can a registry address these ?
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RiksSvikt

nationellt-hjartsviktsregister

Swedish Heart Failure Registry (SwedeHF) : U C R @

* 2000 - ongoing, continuous enrollment

* Inclusion criterion: physician-judged heart failure, in-patient or out-patient
* Key variables: EF, NT-proBNP, loop diuretic use, eGFR, Hb, K

* Online eCRF, managed by UCR

e Automatic outcomes from national registries:
— Death monthly
— ICD-10 codes for death and hospitalization and causes, new onset morbidity, yearly
— Medication adherence continuously

* Minimal loss to follow-up, known vital status

e 120,000 registrations from 80,000 unique individuals
* Coverage: 12% of incident HF, 53% of prevalent HF in Sweden
* From ~68 of Sweden's ~75 hospitals



Registration in the Swedish Heart Failure Registry is associated with lower mortality
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The reason is better use of evidence based HF therapy
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Table 1 Baseline characteristics in the intervention (enrolled in SwedeHF) vs. control group (not enrolled)

(n=11888)

Medications
HF medications, proven |fe-prolonging
RAS antagonist (ACEl and or ARB)
Beta blocker
MRA

Enrolled

17878 (87%)
18481 (B4%)
7182 (33%)

Mot enrolled

Pvalue

(n=109549)

116 487 (56%)
126095 (60%)
38771 (18%)

<0.001
<0.001
<0.001

Lund EJHF 2017



Percent usage
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Percent survival
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@ E S'C European journal of Heart Fallure (2018) 20, 1326—1334 RESEARCH ARTICLE
European Society  dot10.1002/ehi 1182
of Cardiology

Factors associated with underuse of
mineralocorticoid receptor antagonists in

Table 2 Summary of current evidence on mineralocorticoid receptor antagonist underuse in heart failure with
reduced ejection fraction

Study MRA use

GWTG-HF 2% of the eligible population.

IMPROVE HF" 36% of the eligible population,

EuroHeart Failure Survey |I™ 47 5% of patients discharged afrer a hospital admission for HE

ESC-HF Pilot Survey' ~50% in inpatients at discharge and 44% in outpatients,

BIOSTAT-CHF’ 36% of eligible patients before and 63% after HF treatment optimization.

ESC-HF-LT 53.9% of patients hospitalized for acute HF received MRA at discharge and 56.5% at 1 year from hospitalization.

SwedeHF (current study) 40% of the eligible population,




Why MRA underuse?
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Reasons for CRT non-use

A
e ot Risk Alatio (35% CI} P_value
Atrial Fibrillation/fluttar — = =00.001
Association between demographic, Time of HF diagnosis <6 manthis —=— <000
organizational, clinical, and socio-economic Planned follow up non-cardiclogy — <0.001
characteristics and underutilization of cardiac Age =75 years —a— <0.001
resynchronization therapy: results from the Systolic BF' mmHg 100-140 vs. >140 — 0.001
Swedish Heart Failure Registry Sysiolic BF mmHg < 100 vs > 140 —— 0.028
Indax ewant care non—cardiol = -0.00
Lars H. Lund'2*, Frieder Braunschweig!2, Lina Benson?, Marcus Stahlberg!?, oy =0.001
UIf Dahlstrém4, and Cecilia Linde1:2 ACEl andfor ARB - w3 0.002
Small town and non—university P =0.00
B Risk Ratio (95% CI) Povalue I
Alcoholism [ 0.0 PCl andfor CABG R — 0.001
Pt education secondary school vs. university R 0.037 _ .
Pt education primary school vs. university JE 0131 MAA - =0.00
Digaxin R . 0112 Index year 2010-2012 vs. 2001-2009 —m— <0.001
Sericus Bleading PR 0.078
Beta-biocker — 0.06 Female sax (R <0001
Malignant cancer last 3 years PRI 0.158 ) ) ;
Myocardial infarction e 0083 Psychiatric diagnosis last 3 years PR E— ooz
Lung disaase e 0.142 :
Musculoskelatal diseasa last 3 years e 0471 No planned follow-up to HF nurse —— ouonz2
NYHA class Il vs. Il —n 0.468 i nava i
NYHA class IV vs. Il — 0546 Smoking Currant vs. r — 0.025
Diabates —— 0289 Smoking Previous vs. never —.— 0.488
Income below median —“-— 0225 :
Stable out-patient vs. acuis in-patient e 0384 Creatining clearance < &0 mlfmin —a— 0.016
LVEF (%) 30-39% vs. <30% - 0302 X i
NT-proBNP >3000 nglL . 0544 Hypartansion —-— 0.033
i . - Living alone - 0.047
Anemia —— 0778 I T T | T T ]
No children —a 0.822 :
T T T T T ] 075 085 0as 1 105 1.15 1.25
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2016: simple but poor implementation -2 2020: complex and ?implementation
HF is the central cardiology space

Patient with symptomatic* HFrEF® Bl Goes 1 .
' Closn 1 RASi / BB
(Up-titrate to maximum tolerated evidence-based doses)
Still symptomatic No All these "difficult”, rationed,
and LVEF <35%
v | \ targeted, etc:
§ o R St « MRA/ K-binder
g o (u.p-&u-umnnxitolvmdmd-xo-buod dose) ° |Vabrad|ne
‘es .
2 5 . No . ARNi
o= = Still symptomatic .
&3 E and LVEF <35% e SGLT2i
S Lo * sGC stimulator/activator
s 153 { i l .
El=s * lviron
g_ § Able to tolerate Sinus rhythm, Sinus rhythm,”
g < % ACEI (or ARB)= QRS duration =130 msec HR >70 bpm « DOAC
§les ! ! !
1| e e -
g| 2 + ICD
g 5 These above treatments may be combined if indicated ® LeVOS'mendan
. « AF ablation
Resistant symptoms . M |trac||p
v | e | » CABG
Consider digoxin or H-ISDN No further action required * CardIOM EMS
or LVAD, or heart transplantation Consider reducing diuretic dose / . TX
+ MCS

Figure 7.1 Therapeutic algorithm for a patient with symptomatic heart failure with reduced ejection fraction. Green indicates achlass | recom- ° Pa”latlon 14



Heart Failure Challenges 2019 — how can a registry address these ?
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CHARM-Preserved:
CV death or HF hospitalization

Yusuf, Lancet 2003
Hazard ratio 0-89

(95% C1 0-77-1-03), p=0-118
Adjusted hazard ratio 0-86, p=0-051
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Massie, NEJM 2008
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Months since Randomization

Proporton
an event (%)

P (HR 0.92; 95% C1 0.70-1.21; P = 0.545)

PEP-CHF:

Death or HF hospitalization Placebo

c Cleland, EHJ 200
20 - Perindopril
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TOPCAT:
CV Death or HF Hospitalization
Pitt NEJM 2014, Pfeffer Circ 2014

PARAGON-HF primary results

Recurrent event analysis of total HF hospitalizations and CV death*

Mean cumulative events per 100 patients

588
1

848

5 5B R&
TR I

Total HF hospitalizationsand CV death

Valsartan (n = 2389)
1009 events, 14.6 per 100 pt-years

Sacubitril/valsartan (n = 2407)
894 events, 12.8 per 100 pt-years

Rate ratio 0.87 (95% C10.75, 1.01)
p=0.059

*Semiparametric WYY method.

T T T T
1 2 3 4
Years



New understanding: Reduced + mildly reduced is one phenotype and preserved/normal is another

Median age

% women

Chronic coronary syndrome
AF

sBP

CKD

NTproBNP

CV risk

Non-CV risk

ARB, MRA, BB (sinus), ARNi
Relative effect

ARB, MRA, BB (sinus), ARNi
Absolute effect

Reduced

Mid-range/
mildly reduced

Preserved/
normal

SwedeHF, ESC-LT, CHARM



"How To” for HFpEF and HFmrEF phenotyping and trials ?

1. New use of existing HFrEF drugs:

* Greatest potential for HFmrEF

* NTproBNP and structural heart disease for diagnosis

* NTproBNP, loop diuretic use, h/o HF hospitalization for enrichment

Registry Randomized Clinical Trials — RRCTs: MRAs, RAS-antagonists, beta-blockers
Conventional RCTs: ARNi, SGLT2-inhibitors, sGC stimulators/activators

2. Drugs under development and narrower phenotypes:
E.g. targeting microvascular inflammation (defined e.g. by coronary flow reserve)
or early changes in left atrium ?

SATELLITE: MPO-inhibitor vs. placebo in HFpEF



So how to conduct a pragmatic RRCT in heart failure ?

Curr Heast Fail Rep (2017) 14:59-70 @ ok
ITARM A
DO 1400 WM s 1897017003254

CLINICAL TRIALS (J BUTLER., SECTION EDITOR)

Registry-Based Pragmatic Trials in Heart Failure:
Current Experience and Future Directions

Lars H. Lund " - Jonas Oldgren” - Stefan James™
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CLINICAL TRIALS (] BUTLER, SECTION EDITOR)

So how test new use
of existing therapy ?

Registry-Based Pragmatic Trials in Heart Failure:
Current Experience and Future Directions

Lars L Lund'" - Jonas Mdgre n . Stefan James®

Registry

= Efficient enrolment
integrated in real-world
health care

*+ Real-world generalizable
descriptive and outcomes
data

+ Epidemiological
characterization

« Utilization of evidence
based therapy

*  Quality reporting,
benchmarking

*  Quality improvement

+ Equality of care

+ Risk markers

« Comparative outcomes =
Hypothesis generating

= Efficient

* Inexpensive

But:

+ Lack of randomization
= NOT comparative
effectiveness
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So how test new use
of existing therapy ?

Registry-Based Pragmatic Trials in Heart Failure:
Current Experience and Future Directions

Lars L Lund'" - Jonas Mdgre n . Stefan James®

+ Randomized evidence

But:

+ Complex regulatory requirements

+ Collection of non-essential data

* For-profit CROs

+  Muliple ethics approvals

+ Complex consentforms

+ Many unknowns for power calculation

* In-feasible: (pre)-screening is manual,
inefficient and unpredictable

+ Enrolment slow

= Trial population unpredictable

+ Quticomes assessment manual, inefficient

= Selective = not generalizable to real
world

+ Expensive to conduct: in HF: 5,000
patients, >$200M, ~$50,000 per patient

* Industry must recoup drug development
and trial costs

+ = Delivers novel patented expensive
therapy: e.g. sacubitril/valsartan: $5-15
per day

CLINICAL TRIALS (] BUTLER, SECTION EDITOR)

Registry

Efficient enrolment
integrated in real-world
health care

Real-world generalizable
descriptive and outcomes
data

Epidemiological
characterization
Utilization of evidence
based therapy

Quality reporting,
benchmarking

Quality improvement
Equality of care

Risk markers
Comparative outcomes =
Hypothesis generating
Efficient

Inexpensive

But:

Lack of randomization
= NOT comparative
effectiveness



So how test new use
of existing therapy ?
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CLINICAL TRIALS (] BUTLER, SECTION EDITOR)

Registry-Based Pragmatic Trials in Heart Failure:
Current Experience and Future Directions

Lars L Lund'" - Jonas Mdgre n . Stefan James®

Randomized evidence

But:

Complex regulatory requirements
Collection of non-essential data
For-profit CROs

Multiple ethics approvals

Complex consent forms

Many unknowns for power calculation
In-feasible: (pre)-screening is manual,
inefficient and unpredictable
Enrolment slow

Trial population unpredictable

RRCT

. . . -
QOutcomes assessment manual, inefficient

Selective 2 not generalizable to real
world
Expensive to conduct: in HF: 5,000

patients, >$200M, ~$50,000 per patient
Industry must recoup drug development

and trial costs
—= Delivers novel patented expensive

therapy: e.g. sacubitril/valsartan: $5-15

per day

Simplified regulatory procedures
Focus on essential baseline and
outcome data

MNon-profit AROs

Single ethics approval

Simplified consent forms

For power calculation: know eligible
sample and event rates

Feasible: Have lists of existing and
know n new eligible patients
(Pre)-screening is automated,
efficient and predictable

Qutcomes assessment automatic
MNon-selective: both efficacy and
effectiveness

Inexpensive to conduct: ~$5M =
~%1,000 per patient

Non-selective = real world evidence
Promotes adoption of evidence into
practice

Delivers new use of existing drug:
generic HF drug: e.g spironolactone
10 cents per day

Registry

Efficient enrolment
integrated in real-world
health care

Real-world generalizable
descriptive and outcomes
data

Epidemiological
characterization
Utilization of evidence
based therapy

Quality reporting,
benchmarking

Quality improvement
Equality of care

Risk markers
Comparative outcomes =
Hypothesis generating
Efficient

Inexpensive

But:

Lack of randomization
= NOT comparative
effectiveness



Spironolactone Initiation Registry Randomized Interventional Trial in Heart Failure with Preserved Ejection Fraction SP|RR|T

Registry (data) platform

RiksSvikt

nationellt hjartsviktsregister

The Swedish Heart Failure
Registry (SwedeHF)

INNOVATION NETWORK_

UCRO© &

Uppsala Clinical
Research Center

LIPPSALA
UNIVERSITET

= Karolinska
ﬁ*’« Institutet

Thipgy 8

KAROLINSKA

w Duke Clinical Research Institute

HF discharge from hospital

HF Outpatient

Existing patients in SwedeHF

New registrations in SwedeHF
or US sites

¥

*  HFpEF (EF 240%)

n=3200 patients (2550 Swe; 650 US)

* NTproBNP > 300 SR; = 750 AF
* eGFR>30;K<5.0
* Regular loop diuretics*

Randomized open label blinded endpoint (PROBE)

v

!

Spironolactone (eplerenone)
Dosed according to investigator
+ Usual care

Usual care alone

K + eGFR at local lab >
telephone contact
4 times over 1st year
Mean FU 3.5 years

i

Primary EP: CV death and total HF hospitalizations (adjudicated)
Powered for key secondary: CV death (632 events)

HF-pEF

Funding agencies

jart®

Lungfonden

\”7

Vetenskapsradet

»
) THE ERLINGPERSSON
1 FAMILY FOUNDATION

National Heart, Lung,
and Blood Institute

*protocol amendment 2019



Design: Swe registries
USA: DCRI Trial Innovations Network

Patients | Enrolledin Existing or new Sweqéﬁ F Q
I routine care, Patient data Platform screens
(/,tlinlc\il{ans Investlgator collects < | and determines eligibility
Informed consent :
/N /[ >| Platform randomizes

t Implementassigned intervention <«

/" Board of Health\-—
and Welfare

Outcomes:

Death > QOutcomes
Hospitalization / causes

Safety
\Medication adherence and use/

RRCT platform

ID humber «—

——> Baseline data

Electronic data capture

Data mangement

Guideline < Publication %\i >DMC

Data Jlnalysis

Lund. Curr Heart Fail Rep 2017



Summary SwedeHF and registry-based trials in heart failure

* Registries improve outcomes by analyzing and improving
implementation

e Registries improve understanding of clinical phenotypes

e Regsitries can conduct RRCTs



