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Purpose: Given known differences between real-world and clinical trial populations, we
characterized demographics, clinical characteristics, and outcomes using real-world (RW)
data for patients with heart failure with reduced ejection fraction (HFrEF), including those
similar to subjects enrolled in an HFTEF clinical trial to better understand patient populations
that could benefit from novel therapies.

Patients and Methods: Using Vanderbilt University Medical Center electronic health
records (2006-2019), two RW cohorts of HFrEF patients were identified. The “Clinical
Cohort” was based on a validated HFrEF algorithm and left ventricular ejection fraction
(LVEF) <40%. The “GALACTIC-HF-like Cohort” mirrored enrollment requirements of the
GALACTIC-HF clinical trial including hospitalizations, medications, laboratory values, and
LVEF <35%.

Results: Median age at index for the Clinical Cohort (N = 3954) and GALACTIC-HF-like
Cohort (N = 1541) were 65 and 61 years, respectively; both were 67% male and 80% white.
Over half had coronary artery disease (55% Clinical vs 64% GALACTIC-HF-like); hyperch-
olesterolemia was common (69% Clinical vs 74% GALACTIC-HF-like). Chronic kidney
disease (31 vs 21%), atrial fibrillation (32 vs 29%), and cardiac resynchronization or
implantable cardioverter defibrillator (26 vs 23%) were higher in the GALACTIC-HF-like
Cohort. ACE inhibitor use was high in both groups but more common in the GALACTIC-HF
-like Cohort (71% and 82%, respectively). Beta-blockers or loop diuretics were used by
>90% of both cohorts. HF hospitalization rates were 261 (95% CI 224, 297) per 1000 per-
son-years in Clinical versus 523 (484, 562) in GALACTIC-HF-like Cohort (median follow-
up of 2.9 and 4.2 years, respectively).

Conclusion: Approximately 40% of RW HFrEF patients met criteria for the GALACTIC-
HF trial. While findings of ongoing clinical trials may be directly generalizable to this sizable
proportion of patients, future trials should examine whether the majority of patients with
lower prevalence of comorbidities and rate of HF hospitalization could benefit from emer-
ging HF treatments.

Keywords: heart failure, reduced ejection fraction, real-world evidence, electronic health
record

Plain Language Summary

Real-world data are needed to characterize patient populations with heart failure with
reduced ejection fraction (HFrEF) that could benefit from novel therapies. Using the
Vanderbilt University Medical Center electronic health records, we identified a clinical
cohort based on a validated HFrEF algorithm, as well as a second cohort selected to mirror
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enrollment requirements of the GALACTIC-HF clinical trial
based on hospitalizations, medications, laboratory and other clin-
ical values. Approximately 40% of RW HFrEF patients met
criteria for the GALACTIC-HF trial. While findings of ongoing
clinical trials may be directly generalizable to this sizable pro-
portion of patients, whether the majority of patients with lower
prevalence of comorbidities and rate of HF hospitalization could
benefit from emerging HF treatments should be considered in
future trials.

Introduction

Heart failure with reduced ejection fraction (HFrEF) affects
at least 3 million Americans'- and, despite recent therapeu-
tic advances, remains a clinical challenge, with annual
mortality above 25%. To date, there are no safe medical
therapies that directly address the fundamental pathology of
impaired cardiac contractility at the level of the cardiac
sarcomere.” The public health burden of HFrEF has made
it a high priority for therapeutic development, and many
new therapeutics are now being evaluated in ongoing clin-
ical trials.* Gauging the external validity of clinical trials
can be challenging because individuals enrolled into studies
may be highly selected.’ Ultimately, the potential impact of
any novel therapeutic® agent is determined by the number of
patients eligible to receive it and the magnitude of the
benefit provided by the therapy. Thus, it is critically impor-
tant to understand the extent to which participants in trials
for HFrEF reflect the patients in clinical care for whom the
drug is intended, and a description of patient demographics,
clinical characteristics and outcomes using real-world data
of patients potentially eligible for targeted interventions and
new therapeutics is needed to provide impactful real-world
evidence.

Given known differences between real-world and clinical
trial populations, we sought to characterize patient demo-
graphics, clinical characteristics, and outcomes using RW
data for patients with HFrEF, including those similar to
subjects enrolled in an ongoing HFrEF clinical trial.
Therefore, we created two real-world cohorts of HFrEF
patients using a de-identified research database, the
Synthetic Derivative (SD), derived from the electronic health
record (EHR) of Vanderbilt University Medical Center
(VUMC). The first cohort was based only on a clinical defi-
nition of HFTEF and the second cohort was based on the
inclusion and exclusion criteria used in the phase-3 clinical
trial (Global Approach to Lowering Adverse Cardiac out-
comes Through Improving Contractility in Heart Failure,
GALACTIC-HF; NCT02929329) for treatment of HFrEF.

GALACTIC-HF is a randomized, placebo-controlled, dou-
ble-blind, parallel group, multicenter, cardiovascular (CV)
outcomes study of omecamtiv mecarbil (OM), a first-in-
class cardiac myosin activator, in subjects with HFrEF.’

Materials and Methods

Setting

This study utilized information extracted from the VUMC SD
database, a research tool developed to enable studies with de-
identified clinical data. The SD is a de-identified copy of the
VUMC EHR, and content has been transformed by deletion or
permutation of all identifiers contained within each record.
The SD contains nearly 3 million total records (with no
defined exclusions) with highly detailed longitudinal clinical
data for approximately one million subjects and an average of
27 distinct codes per record. The database incorporates data
from multiple sources and includes diagnostic and procedure
codes (ICD and CPT), basic demographics (age, gender, race),
text from clinical care including discharge summaries, nursing
notes, progress notes, history and physical, problem lists and
multi-disciplinary assessments, laboratory values, electrocar-
diogram (ECG) diagnoses, procedural reports (eg, echocardio-
graphy), clinical text and electronically derived trace values,
and inpatient medication orders. All data in the SD are updated
bimonthly to append new data to clinical records of existing
patients and add patients new to VUMC.

This study complies with the Declaration of Helsinki
and was approved by the Vanderbilt University Medical
Center Institutional Review Board. As no HIPAA identi-
fiers are available in the Synthetic Derivative database,
this study meets criteria for non-human subjects research.

VUMC HF Cohort

The Electronic Medical Records and Genomics (eMERGE)
Network phenotype of HF with differentiation for preserved
and reduced ejection fraction was previously developed using
EHR data from the Mayo Clinic and validated in additional
Mayo Clinic populations as well as within the Group Health
Cooperative.® Additional details are available online: https:/
phekb.org/phenotype/heart-failure-hf-differentiation-between

-preserved-and-reduced-ejection-fraction. All data elements of
the eMERGE HF algorithm were previously extracted from
the VUMC SD database. The ICD9 code 428.X, the structured
problem list, and the unstructured problem list are the primary

sources for determining classification of HF in the SD accord-
ing to the eMERGE algorithm. To accommodate the disconti-
nuation of ICD9 codes, we mapped ICD9 codes to ICD10
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codes using the CMS General Equivalence Mappings as well
as clinical expertise (ICD9:428 <ICD10:150) and included the
mapped ICD10 code in the algorithm. The structured problem
list uses a controlled vocabulary that maps to SNOMED CT,
whereas the unstructured problem list is free text that uses
ConText, the Natural Language Processing package, to verify
mentions of HF. Determination of preserved or reduced ejec-
tion fraction is based on measurements taken from transthor-
acic echocardiogram (TTE) reports when available. More
details are available regarding the pseudocode online: https://
phekb.org/sites/phenotype/files/HF algorithm Cohort.pdf.
The adapted algorithm was validated against a set of
gold standard HF subjects at VUMC. The algorithm uses
the date of the qualifying HF feature (ICD code or
Problem List mention) as the eMERGE definition index
date (“HF index date”), as long as that date falls between
an admit and discharge. Additionally, for this study, at

least one TTE report was required to be available in the
individual record. Thus, patients in the SD who have been
diagnosed with HF according to the eMERGE Network
definition and who have a TTE report made up the initial
population of potentially eligible subjects for both cohorts
in this study.

Cohort Definitions

Starting with the potentially eligible population of HF
patients in the SD who met the eMERGE Network defini-
tion for HF and who had an available LVEF measurement
from clinically indicated TTE, additional inclusion criteria
for each cohort were applied to define the two cohorts for
this study. For the Clinical Cohort, subjects were required
to 1) be male or female >18 years old and 2) have
an LVEF <40%, using measurement closest to study
index date (see the “Study Dates” section) with preference
for measurements prior to index date. For the
GALACTIC-HF-like Cohort, subjects were additionally
required to be 1) be age 18-85 years on HF index
date, 2) be active in the SD for at least 12 months after
the HF index date, 3) have an LVEF <35%, per patient’s
most recent TTE within the 365-day period prior to the HF
index date or up to 1-month after index (if no other TTE
were available prior to index), 4) have B-type natriuretic
peptide (BNP) level >125 pg/mL at most recent assess-
ment within the 365 days period prior to the HF index
date, 5) have at least one written standard of care (SoC)
prescription or prescription dispensed for an HFrEF med-
ication from VUMC Pharmacy or mention on SD
Medication List of standard of care HF therapies.

Standard of care HR therapies included beta blockers,
angiotensin-converting enzyme inhibitors (ACEi), angio-
tensin receptor blockers (ARB), angiotensin receptor
blocker-neprilysin inhibitor (ARNi) and mineralocorticoid
receptor antagonists, and 6) have been hospitalized for
a primary reason of HF or have an emergency department
(ED) admission for a primary reason of HF within 1 year
prior to the study index date. Subjects were excluded from
the GALACTIC-HF-like Cohort if they met any of the
following: 1) history of malignancy defined as any ICD
code for a malignancy in the SD before the index date; 2)
severe uncorrected valvular heart disease, or clinically
significant congenital heart disease; 3) estimated glomeru-
lar filtration rate (éGFR) <20 mL/min/1.73m? per patient’s
most recent medical record, within 12 months prior to
study index date; 4) receiving hemodialysis within 12
months prior to study index date; 5) if available, hepatic
impairment defined by a total bilirubin (TBL) >2 times the
upper limit of normal (ULN), or alanine aminotransferase
(ALT) or aspartate aminotransferase (AST) >3 times ULN
within the 12 months prior to the study index date.

Study Dates

The study index date was determined for the Clinical
Cohort as the eMERGE definition index date (first HF
feature in the 12-month qualifying window for the
eMERGE definition). This encounter could have been
either an inpatient or an outpatient encounter. The index
date for the GALACTIC-HF-like Cohort was selected in
order to most closely mimic the entry procedures for the
GALACTIC-HF trial within the existing eMERGE-
defined HF cohort and thus was assigned separately for
two non-overlapping groups defined by the type of
encounter of their first eMERGE definition feature (hospi-
talization or outpatient encounter). For patients with
a hospitalization as the first eMERGE definition feature,
the study index date was defined as the eMERGE defini-
tion index date. For patients with an outpatient encounter
as the first eMERGE definition feature, records were
examined starting at the eMERGE index date moving
forward in time to an HF hospitalization and then
a subsequent HF encounter (inpatient or outpatient) occur-
ring <365 days after the hospitalization. This encounter
date was determined to be the study index date. Study
index dates were limited to occurrence within the period
of 2006-2019. The baseline period was defined for both
cohorts as the 1-year period prior to the index date as
defined above.
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Study Data
Covariates abstracted for eligible patients were descriptive
patient characteristics including demographics, comorbid-
ities, laboratory measures (BNP, eGFR), vital signs (blood
pressure and heart rate), and medication use. For each
subject, all vital sign measures taken during the baseline
were averaged together and this summary value was then
averaged with the summary value from all other subjects.
A biologic plausibility cut-off was applied to the vital
signs data with values >200 beats per minute for heart
rate being set to missing and values >150 mmHg for
diastolic blood pressure being set to missing.
Comorbidities were obtained during the baseline period
from the SD using validated algorithms of diagnostic and
procedure codes developed to identify these conditions
using EHR data (Supplementary Material). Presence of

cardiac devices was ascertained during the baseline period
as well as in any existing records prior to the baseline
period in order to more accurately count patients who had
ever received a device. Laboratory measures were also
obtained during the baseline period. Medications were
obtained from the SD as Yes/No to ever use. Dispensed
prescription data from a VUMC Pharmacy are contained
directly within an individual’s SD record. Additional
sources within the SD routinely used for identification of
medication use include clinical documents, outpatient and
inpatient orders, medications administered during inpatient
care, problem lists, medical histories, and discharge notes;
within these SD sources, data on medication use are con-
tained as written prescriptions, list of inpatient medications
administered, medication list entries, or patient self-
reported medication (identified from notes and read by
NLP program “MedEx”).’

Outcomes assessed during follow-up included HF hos-
pitalization, and death when available. Follow-up for each
cohort for HF hospitalization or death began on the study
index date and continued until the patient’s last SD
encounter or date of death, whichever occurred first.
Follow-up in the SD was available through April 30,
2020. Complete ascertainment of death, however, was
available only through February 1, 2017, so for analyses
of death as the outcome, follow-up was truncated for all
participants on that date.

Statistical Methods

All analyses were descriptive in nature. Categorical vari-
ables were described in terms of sample sizes (N) and
percentages (%). Continuous variables were described in

terms of mean, median, standard deviation, minimum, and
maximum. Rates of HF hospitalization were calculated as
incidence rates from 3 days post HF index date to last SD
encounter or death and presented as number of events per
1000 person-years. Three days was chosen after consider-
ing a range of censoring windows (ie, days after index date
before events were captured) in order to evaluate the
balance of avoiding the index event in the counts while
capturing most events during follow-up. Incidence rates
included only the first HF hospitalization captured during
follow-up.

Results

The eMERGE Network definition of HF was applied to
the >3 million records in the SD and 38,668 patients met
the definition for HF (Figure 1). Restricting to those with
a transthoracic echocardiogram-derived ejection fraction
resulted in 27,586 subjects, which was further reduced to
5488 when subjects with a preserved ejection fraction and
those with no ejection fraction before their index date were
excluded. Restricting to those with an index date from 1/1/
2006 to 12/31/2019 as well as the requirements of the
Clinical Cohort resulted in 3954 subjects. These patients
were then evaluated against the criteria for the
GALACTIC-HF-like Cohort and grouped accordingly,
with 3954 patients in the Clinical Cohort and the subgroup
of those (N=1541) meeting criteria for inclusion in the
GALACTIC-HF-like Cohort.

Descriptive characteristics of the two cohorts are
shown in Table 1. The Clinical Cohort was older than
the GALACTIC-HF-like Cohort at index (median 64.6
versus 60.5 years). Both cohorts were two-thirds male.
The Clinical Cohort was 80.7% White compared with
77.4% in the GALACTIC-HF-like Cohort. As a result of
the study design which required patients in the
GALACTIC-HF-like Cohort to be active in the SD for at
least 12 months after the HF index date, the minimum
follow-up for this cohort is 1 year. In the Clinical Cohort,
there was no such restriction and thus the minimum fol-
low-up could be as short as a single day. This resulted in
a longer median follow-up time for the GALACTIC-HF-
like Cohort (median 4.2 years, range 1-13.6) versus the
Clinical Cohort (median 2.9 years, range 0-13.8).

Clinical characteristics of the two cohorts, including
vital signs and laboratory measurements, are summarized
in Table 1. Heart rate was higher on average in the
GALACTIC-HF-like Cohort compared with the Clinical
Cohort (median 82 vs 77 bpm). Both BMI and diastolic
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VUMC Synthetic Derivative Population through 2019

N=2,851,441

Met eMERGE definition for Heart Failure with available
transthoracic echocardiogram-derived ejection fraction (EF)

N=27,586

|

Left Ventricular EF < 40;
EF available before eMERGE

index date

N=5488

A4

* HFindex 1/1/2006-12/31/19

* AgeatHF>18

Inclusion/Exclusion Criteria:
N=3955

|

Clinical Cohort

Inclusion/Exclusion Criteria:

KHF index 1/1/2006-12/31/19 \
* Ageat HF >18 and < 85

* Left ventricular ejection fraction < 35

A4

* Length of record post-HF > 365 days
* BNP present and > 125 near HF
diagnosis

N=1541

GALACTIC-HF-like Cohort

¢ Inclusion medications present

* No cancer before HF diagnosis

* No dialysis before HF diagnosis
* No Thil > 3 near index date

=

Figure | Cohort flow diagram.

blood pressure was similar between the two groups,
whereas systolic blood pressure was slightly lower in the
GALACTIC-HF-like Cohort (115 vs 121 mmHg). Mean
BNP values were higher in the GALACTIC-HF-like
Cohort than in the Clinical Cohort (820.8 vs 506.0 pg/
mL), but eGFR values were similar in both cohorts. The
median LVEF in the Clinical Cohort was 30% versus
22.5% in the GALACTIC-HF-like Cohort, a difference at
least partially due to the study design, which utilized
different cut-offs for inclusion in each cohort (LVEF
<40% for Clinical and <35% for GALACTIC-HF-like).
Table 2 provides a summary of comorbidity prevalence
and use of cardiac devices in the cohorts during the base-
line period. Generally, comorbidities were somewhat more
common in the GALACTIC-HF-like Cohort than in the
Clinical Cohort although this should be interpreted with
caution given that the GALACTIC-HF-like Cohort had
a minimum of 1 year and overall longer mean follow-up
than the Clinical Cohort by design. More than half of the
subjects had coronary artery disease (55% of the clinical
and 64% of the GALACTIC-HF-like Cohort), and

* No AST > 80 near index date
* No ALT > 112 near index date

/

hypercholesterolemia was common (69% in the Clinical
and 74% in the GALACTIC-HF-like Cohorts). Chronic
kidney disease (31 vs 21%), atrial fibrillation (32
vs 29%), and cardiac resynchronization or implantable
cardioverter defibrillator (26 vs 23%) were higher in the
GALACTIC-HF-like Cohort.

Table 3 displays the prevalence of use of medica-
tions for HFrEF and selected other chronic conditions
during the one-year baseline period by cohort. With
respect to commonly used HFrEF treatments, use of an
ACE inhibitor was high in both groups but more com-
mon in the GALACTIC-HF-like Cohort (71% and 82%,
respectively), and beta-blockers or loop diuretics were
used by over 90% of the individuals in both cohorts.
Mineralocorticoid receptor antagonists (55% and 77%,
respectively) and ARBs (39% and 46%, respectively)
were used somewhat less frequently, but a pattern of
higher use in the GALACTIC-HF-like Cohort compared
to the Clinical Cohort was apparent also for these med-
ications. Over 75% of the patients in both groups were
prescribed statins.
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Table | Demographic and Clinical Characteristics of Clinical and GALACTIC-HF-Like Cohorts®

Clinical Cohort N=3954

GALACTIC-HF-Like Cohort N=1541

Age at index, years

64.6 [54.4, 73.8]

60.5 [50.5, 69.2]

<65 2016 (51.0%) 977 (63.4%)
265 1052 (26.6%) 370 (24.0%)
275 887 (22.4%) 194 (12.6%)
Sex
Male 2652 (67.1%) 1044 (67.7%)
Female 1302 (32.9%) 497 (32.3%)
Race/Ethnicity
White 3190 (80.7%) 1193 (77.4%)
Black 624 (15.8%) 306 (19.9%)
Asian 24 (0.6%) 8 (0.5%)
American Indian/Native Alaskan 6 (0.2%) 2 (0.1%)
Other 6 (0.1%) 4 (0.3%)
Unknown 104 (2.6%) 28 (1.8%)

Body mass index (kg/m?)°

287 [24.9, 33.3]

28.5 [24.9, 32.9]

Follow-up time in SD, years Median: 2.9 Median: 4.2°
IQR [I.2, 5.3] IQR [2.7, 6.3]
LVEF closest to index date Median: 30.0 Median: 22.5
IQR [21.0, 35.0] IQR [15.0, 30.0]
Vital Signs
Systolic blood pressure (mmHg)® 121 [110.5, 133.8] 115 [103.8, 129.1]

Diastolic blood pressure (mmHg)®

70 [64.0, 78.0]

70 [63.2, 77.9]

Heart rate (beats per minute)®

77 [69.5, 87.7]

82 [72.4, 94.0]

Laboratory measurements

BNP (pg/mL)

506.0 [191.0, 1164.0]

820.8 [421.1, 1513.8]

Number of measurements in record during baseline period

1.0 [0.0, 1.0]

1.0 [1.0, 2.0]

eGFR (mL/min/1.73m?)

66.0 [48.1, 83.4]

64.7 [48.2, 81.3]

Number of measurements in record during baseline period

2.0 [1.0, 4.0] 3.0 [1.0, 9.0]

Notes: *Values expressed at N (%) for categorical variables and median (25th, 75th percentile) for continuous variables. ®Median of the mean of all measures taken during
baseline period was used for each subject. For body mass index, median of the median was used. “In order to more closely mimic the clinical trial structure, the criteria for
meeting the GALACTIC-HF-like Cohort definition included the requirement of being active in the SD for at least |2 months after the HF index date.

Event rates are displayed in Figure 2 for HF hospitali-
zations and deaths per 1000 person-years. Both heart fail-
ure hospitalization rates and death rates were higher in the
GALACTIC-HF-like Cohort compared with the Clinical
Cohort. With a 3-day post-index censoring window, HF
hospitalization rates were 261 (95% CI 224, 297) per

1000 person-years in the Clinical cohort versus 523 (484,
562) in the GALACTIC-HF-like Cohort, during median
follow-up of 2.9 and 4.2 years, respectively. Death rates
were 260 (207, 313) and 277 (94, 460) per 1000 person-
years in the Clinical Cohort and GALACTIC-HF-like
Cobhort, respectively.
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Table 2 Proportion of Individuals with Select Comorbidities and Cardiac Devices at Baseline in Clinical and GALACTIC-HF-Like

Cohorts

Clinical Cohort N=3954

GALACTIC-HF-Like Cohort N=1541

N with I+ instances in baseline period (%)

N with I+ instances in baseline period (%)

Coronary artery disease

2167 (54.8%)

984 (63.9%)

Myocardial infarction

660 (16.7%)

282 (18.3%)

Unstable angina

312 (7.9%)

172 (11.2%)

Stable angina

216 (5.5%)

80 (5.2%)

Stroke

579 (14.6%)

286 (18.6%)

Transient ischemic attack

72 (1.8)

29 (1.9%)

Revascularization

1088 (27.5%)

577 (37.4%)

Valve disease

199 (5.0%)

96 (6.2%)

Atrial fibrillation or flutter

1132 (28.6%)

485 (31.5%)

Peripheral artery disease

159 (4.0%)

78 (5.1%)

Chronic obstructive pulmonary disease

306 (7.7%)

154 (10.0%)

Chronic kidney disease

818 (20.7%)

470 (30.5%)

Diabetes mellitus

946 (23.9%)

413 (26.8%)

Hypercholesterolemia

2739 (69.3%)

1134 (73.6%)

Any CRT or ICD

915 (23.1%)

396 (25.7%)

Abbreviations: CRT, cardiac resynchronization therapy; ICD, implantable cardioverter defibrillator.

Discussion

A clear understanding of patient demographics, clinical char-
acteristics, and outcomes among HFrEF patients from a real-
world data resource is critical to define patient populations
that may benefit from novel HFrEF therapies. In this study,
conducted within the VUMC EHR database, nearly 4000
patients were identified who met a validated clinical defini-
tion of HFrEF® between 2006 and 2019. A subset of approxi-
mately 40% of these patients met the more stringent
inclusion criteria of the GALACTIC-HF trial.® This finding
suggests that results of current clinical trials for new thera-
peutics may be directly generalizable to a sizable proportion
of real-world HFrEF patients in clinical practice. However,
whether the remaining majority of HFrEF patients with
lower prevalence of comorbidities and lower rate of HF
hospitalization could benefit from emerging HF treatments
should be considered in future trials.

Although this analysis was conducted in a single qua-
ternary care hospital with a high-volume HF and trans-
plantation program geographically located in a region with
a high burden of HF, the findings, including demographic

and clinical characteristics, are largely in agreement with
published baseline data from GALACTIC-HF and other
clinical trial®'®"" and community populations,'? such as
the global PARADIGM-HF trial, the VICTORIA trial, and
the recent PCORnet publication and are likely relevant to
the broader HF population.'®"® Of note is the general
comparability of baseline characteristics between the
GALACTIC-HF-like Cohort study and the
GALACTIC-HF trial participants,® including mean age

(61 vs 65 years, respectively), race (77 vs 78% white),

in our

prevalence of coronary artery disease (64 vs 62%), and
median eGFR (65 vs 59 mL/min/1.73m?). Prevalence of
certain comorbidities such as atrial fibrillation/flutter and
diabetes was lower in our GALACTIC-HF-like Cohort
than in the GALACTIC-HF trial, and there was a higher
proportion of women in our cohort (32 vs 21%).
Although specific practice patterns and use of evi-
dence-based therapies are known to vary by geographic
region or disease severity and across clinical settings,
goal-directed medical therapy, including ACE inhibitors,

beta blockers, and mineralocorticoid receptor antagonists,
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Table 3 Prevalence of Targeted Medications Post-Ascertainment
in Clinical and GALACTIC-HF-Like Cohorts

GALACTIC-HF-Like
Cohort N=1541

Clinical Cohort
N=3954

Medication Type

Beta blockers 3738 (94.5%) 1516 (98.4%)

ACE inhibitors 2813 (71.1%) 1277 (82.9%)

ARBs 1537 (38.9%) 707 (45.9%)

Loop diuretics 3501 (88.5%) 1514 (98.2%)

ARNis 383 (9.7%) 162 (10.5%)

Mineralocorticoid 2183 (55.2%) 1186 (77.0%)

receptor antagonists

Antiarrhythmics 1613 (40.8%) 818 (53.1%)

Platelet aggregation 3428 (86.7%) 1452 (94.2%)

inhibitors

Other antithrombotics/ 2169 (54.9%) 1021 (66.3%)

Anticoagulants

Renin inhibitors 12 (0.3%) 6 (0.4%)

Digitalis glycosides 978 (24.7%) 521 (33.8%)

Thiazide and thiazide-like 1077 (27.2%) 572 (37.1%)

Oral nitrates 979 (24.8%) 497 (32.3%)

Hydralazine and oral 36 (0.9%) 20 (1.3%)

nitrates

Ivabradine 25 (0.6%) 13 (0.8%)

Cholesterol-lowering medications

Statins 3063 (77.5%) 1300 (84.4%)
Ezetimibe 328 (8.3%) 172 (11.2%)
PCSK9 inhibitors 47 (1.2%) 7 (0.5%)

Diabetes medications

Insulin 1757 (44.4%) 862 (55.9%)

Sulfonylureas 701 (17.7%) 349 (22.6%)
SGLT2 inhibitors 104 (2.6%) 50 (3.2%)
Metformin 812 (20.5%) 376 (24.4%)
Alpha glucosidase 4 (0.1%) 2 (0.1%)
inhibitors

Meglitinides 20 (0.5%) 12 (0.8%)

Abbreviations: ARB, angiotensin receptor blockers; ACEi, angiotensin-converting
enzyme inhibitors; ARNi, angiotensin receptor blocker-neprilysin inhibitor; SGLT2,
sodium-glucose transport protein 2.

has been the cornerstone of HFrEF therapy for decades.
This approach follows consistent evidence from trials
showing a reduced risk of death and/or hospitalization

due to HF associated with use of these medications.!*'°

As expected, the observed patterns of medication use in
the two real-world cohorts in our study are consistent with
this approach to HFrEF treatment, showing high preva-
lence of use of ACE inhibitors and beta-blockers in both
cohorts, in line with evidence that, when used together
with ACE inhibitors, beta-blockers are associated with

incremental decreases in the risk of death!*?%%

among
HFrEF patients. Use of mineralocorticoid receptor antago-
nists was somewhat higher in the GALACTIC-HF-like
Cohort, which may be an indicator of its predominant
use in sicker HFrEF patients who are taking other drugs
known to improve outcomes.*” In our study cohorts, with
enrollment from 2006-2019, the low prevalence of use of
SGLT2 inhibitors (<3%) is likely a reflection of their
recent approval for reduction of cardiovascular death and

HF hospitalization among HFrEF**?’

patients with and
without Type 2 diabetes. Nevertheless, during the vast
majority of the study period, there were no novel agents
introduced to escalate care for HFrEF patients experien-
cing clinically-relevant outcomes, underscoring the need
for novel therapeutics for HFrEF and for future work to
determine uptake of new therapies and potential interven-
tions that may be needed to increase utilization of thera-
pies for which efficacy is demonstrated.

Clinical trials often enroll higher risk patient popula-
tions where power is greatest to detect beneficial effects of
novel therapies. Indeed, subjects included in the
GALACTIC-HF, and other recent trials, often have high-
risk features including current/recent hospitalization, ele-
vated BNP levels, and severely depressed LV function.
The fact that 40% of our HFrEF patients met these inclu-
sion criteria reinforces the high burden of severe HF
among patients in clinical care. Moreover, the high rate
of HF hospitalization in both the Clinical Cohort and
GALACTIC-HF-like Cohort in our study, despite the use
of standard medical therapy for HF, indicate that these
patients have residual risk and contribute to the high
healthcare burden of HF.

Our analysis has limitations that should be acknowl-
edged. While we believe our findings are relevant more
broadly, this was a single-center study and there may be
aspects of our patient population that reduce the general-
izability of our results. For example, individuals in our
study were predominantly white, and results should be
replicated in populations with different racial composition.
Additionally, referral and practice patterns may differ

4 6 https:
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Figure 2 Heart failure hospitalizations and deaths per 1000 person-years in Clinical and GALACTIC-HF-like Cohorts. Footnote: Bars show events per 1000 person-years;
whiskers show 95% confidence intervals. There were a total of 2117 HF hospitalizations in the Clinical Cohort and 1180 in the GALACTIC-HF-like Cohort. There were
a total of 1019 deaths in the Clinical Cohort and 379 in the GALACTIC-HF-like Cohort.

across institutions, which could affect the generalizability
of our findings. It is also possible that some data elements
were under-ascertained due to care encounters at other
institutions. However, the substantial follow-up time in
study  should
ascertainment by assuring that subjects had sufficient

our significantly  attenuate under-

opportunities for comorbidity documentation.
Additionally, although misclassification related to errors
in EHR documentation is possible, we addressed this
weakness through the use of validated phenotype algo-
rithms. As comprehensive mortality linkages to the SD
were current only through 2017, the analysis of death
rates was limited to follow-up through 2017 only.
Finally, while mirrored as closely as possible in our data-
set, we were unable to perfectly match GALACTIC-HF

trial inclusion and exclusion criteria.

Conclusions

Our study highlights additional aspects of HFrEF patients
in the real world. Although a substantial number of
patients were similar to clinical trial populations, and
accounted for a larger number of adverse outcomes, over
half of the HFrEF patients did not meet GALACTIC-HF
trial inclusion criteria® although they still experienced high
rates of HF hospitalizations and deaths. It is encouraging
that results of ongoing trials will likely be relevant to
a large number of high-risk HFrEF patients; however, the
extent to which they will be generalizable to all HFrEF
patients is less clear and may need to be addressed in

future trials that enroll patients more broadly across the
spectrum of HFrEF severity.
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BNP, B-type
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diogram; ED, emergency department; eGFR, estimated
glomerular filtration rate; EHR, electronic health record;
eMERGE, Electronic Medical Records and Genomics;
GALACTIC-HF, Global Approach to Lowering Adverse
Cardiac outcomes Through Improving Contractility in
Heart Failure; HFrEF, heart failure with reduced ejection
fraction; LVEF, left ventricular ejection fraction; OM,
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