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Abstract

Aims: Prognostic enrichment strategies can make trials more efficient, although potentially at
the cost of diminishing external validity. Whether using a risk score to identify a population at
increased mortality risk could improve trial efficiency is uncertain. We aimed to assess whether
Machine learning Assessment of RisK and EaRly mortality in Heart Failure (MARKER-HF), a
previously validated risk score, could improve clinical trial efficiency.

Methods and Results: Mortality rates and association of MARKER-HF with all-cause death
by one year was evaluated in four community-based heart failure (HF) and five HF clinical

trial cohorts. Sample size required to assess effects of an investigational therapy on mortality
was calculated assuming varying underlying MARKER-HF risk and proposed treatment effect
profiles. Patients from community-based HF cohorts (n=11,297) had higher observed mortality
and MARKER-HF scores than did clinical trial patients (n=13,165) with HF with either reduced
ejection fraction (HFrEF) or preserved ejection fraction (HFpEF). MARKER-HF score was
strongly associated with risk of one-year mortality both in the community (HR 1.48 [95% CI:
1.44-1.52]) and clinical trial cohorts with HFrEF (HR 1.41 [95% CI: 1.30-1.54]), and HFpEF
(HR 1.74 [95% CI: 1.53-1.98]), per 0.1 increase in MARKER-HF. Using MARKER-HF to
identify patients for a hypothetical clinical trial assessing mortality reduction with an intervention,
enabled a reduction in sample size required to show benefit.

Address for correspondence: Barry Greenberg, M.D., Cardiology Department, University of California, San Diego Healthcare System,
9454 Medical Center Drive, La Jolla, CA 92037-7411, Telephone: +1 (858) 246-2987, bgreenberg@ucsd.edu.
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Conclusion: Using a reliable predictor of mortality such as MARKER-HF to enrich clinical trial
populations provides a potential strategy to improve efficiency by requiring a smaller sample size
to demonstrate a clinical benefit.

Graphical Abstract.

Estimated Sample Size Based on the Anticipated Treatment Effect and Underlying Risk Profile of
the Study Population.

Shown is the estimated sample size required to provide a hypothetical clinical trial with 80%
power to detect a significant reduction in all-cause mortality with study treatment, according to
the anticipated treatment effect (A-£) and the underlying MARKER-HF risk profile of the study
population (Z-4). The underlying risk profile of the study population mirrors the distribution of
MARKER-HF scores in CHARM in (Z) and of the UCSD HF cohort in (2). Row (3) represents
a study population with a uniform distribution of MARKER-HF scores ranging from —0.3 to 0.3.
Row (4) shows a “high-risk” patient population with MARKER-HF scores >0 within the UCSD
cohort.

Columns A-C illustrate a constant treatment effect of the investigational treatment across the entire
risk spectrum with a 20% (A), 24% (B) and 16% (C) relative reduction in death, respectively.
Columns D and E show heterogeneity in the treatment effect such that patients at lower risk

(D) and those at higher risk (E), respectively, are expected to derive greater benefit from study
treatment. Column F illustrates the scenario of diminished treatment efficacy at the extrema of
risk.

7.590 5,140 12,100 3,910 19,400 5,400
5.320 3,580 8,560 5.040 5,490 3.620
3,100 2,090 5,000 4,240 2,310 2,070

2,370 1,590 3,820 4,390 1420 1,590
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Introduction

Mortality is arguably the most relevant endpoint for heart failure (HF) clinical trials and
the most important outcome for patients. Virtually all large-scale phase 3 clinical trials

in HF include mortality as an efficacy endpoint and many event-driven trials compute
sample size based on the anticipated reduction in death with the investigational therapy.
Yet, partly by design which excludes individuals at highest risk, patients enrolled in clinical
trials experience substantially lower rates of mortality when compared to community-based
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HF cohorts-8. Despite efforts to enrich clinical trial populations with high-risk features,
mortality remains relatively low and may thus limit the ability of a trial to detect a
meaningful treatment effect on this important endpoint. Moreover, inclusion of lower-risk
patients imposes a substantial burden on trial efficiency as increasing sample size or duration
of follow-up are the only means to overcome the low event rate and reach the number of
events required in the statistical analysis plan to adequately assess the efficacy of the therapy
being tested.

Although inclusion of patients across a broader spectrum of mortality risk may make clinical
trials more efficient by increasing event rates as well as more representative of and thereby
generalizable to the broad population of patients with HF encountered in clinical practice,
current approaches used to identify populations at higher mortality risk for enrollment into
trials have remained problematic as neither individual patient characteristics, biomarkers nor
their combination have proven fully sufficient for this task.

We have previously shown that MARKER-HF, a risk score based on eight routinely
available clinical parameters, predicts mortality risk in patients with HF followed in multiple
health systems and registries’. It maintained its ability to predict mortality in various

cohorts of patients, e.g. in- and outpatients, patients with pulmonary edema as well as in
subtypes of HF classified according to left ventricular ejection fraction (LVEF) per guideline
recommendations8.

We hypothesize that enriching a study population of a trial by using the MARKER-HF
score, as an example of a multi-dimensional risk score, to identify patients at increased
mortality risk, could be a means of improving trial efficiency. To test this hypothesis, we
determined whether the risk profile of patients as assessed by MARKER-HF differs between
community-based cohorts of patients with HF and patients enrolled in HF trials, and whether
MARKER-HF successfully predicts mortality in both populations. We then tested the impact
of selecting patients at increased mortality risk based on MARKER-HF score on the ability
of a clinical trial to detect a significant mortality reduction in a variety of hypothetical
settings.

Study Design and Population

A brief description of the community-based HF cohorts (University of California San
Diego [UCSD], University of California San Francisco [UCSF], Northwestern Medicine,
A systems BIOlogy Study to TAilored Treatment in Chronic Heart Failure [BIOSTAT-
CHF] and of the HF trials (CHARM, TOPCAT, PARADIGM-HF)7:%-12 js provided in the
Supplemental Appendix. Patients with more than one missing variable required to compute
the MARKER-HF score were excluded from this analysis (BIOSTAT-CHF: n=1628,
CHARM-Alternative: n=1374; CHARM-Added: n=1626; CHARM-Preserved: n=1963,;
TOPCAT: n=886; PARADIGM-HF: n=429).

The ethics committee at each participating site approved the protocol for each study, and
participants in clinical trials provided written, informed consent.

Eur J Heart Fail. Author manuscript; available in PMC 2023 August 01.
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MARKER-HF

Details of the derivation and validation of the MARKER-HF score are published’. The
MARKER-HF score relies on eight readily accessible variables (diastolic blood pressure,
serum creatinine, blood urea nitrogen, hemoglobin, white blood cell count, platelets,
albumin, and red blood cell distribution width [RDW]) and is available online at https://
marker-hf.ucsd.edu. When one variable was systematically missing in the community-based
and clinical trial cohorts (albumin for CHARM, RDW for UCSF, BIOSTAT-CHF, TOPCAT
and PARADIGM-HF) this variable was imputed using the mean from the UCSD cohort in
which MARKER-HF had been originally derived.

Study Outcomes

The primary outcome of this analysis was all-cause death, censored at one year to ensure
equal follow-up across cohorts. The secondary outcome of interest was cardiovascular death
in the clinical trial populations in which cause of death was adjudicated. In patients with HF
followed in health systems (UCSD, UCSF, Northwestern) death was ascertained by review
of the electronic health record, and in patients enrolled in the BIOSTAT-CHF registry death
was centrally adjudicated, as previously described3. In patients with HF enrolled in clinical
trials (CHARM, TOPCAT, PARADIGM-HF), death and cause of death were adjudicated by
the same independent clinical events committee (Brigham and Women’s Hospital, Boston,
Massachusetts).

Statistical Analysis

Data are presented as mean (standard deviation) or median (interquartile range) for
continuous variables, and proportions for categorical variables. Rates of all-cause death in
individual HF cohorts are graphically displayed using Kaplan-Meier curves.

The relationship between MARKER-HF and all-cause death by one-year was evaluated
with Cox proportional hazards regression models, using linear terms and allowing for
non-linearity via the use of restricted cubic splines with the number of knots selected to
minimize the model Akaike information criteria. In sensitivity analyses, the relationship
between MARKER-HF and cardiovascular death by one year was also examined in clinical
trial cohorts in which cause of death was adjudicated. In pooled analyses of CHARM-
Alternative, CHARM-Added, CHARM-Preserved, TOPCAT and PARADIGM-HF, effect
modification of investigational therapy (candesartan, spironolactone and sacubitril/valsartan,
respectively) as a function of MARKER-HF scores was examined with the use of Poisson
regression and modeled using restricted cubic splines.

The estimates of sample sizes required to provide 80% powerl4 to detect a significant
reduction in mortality at a two-sided alpha of 0.05 with one year follow-up per patient

for cohorts with different baseline risk profiles and with varying assumptions about the
relationship between the treatment effect and MARKER-HF score as shown in the Graphical
Abstract were performed using the published’ association between MARKER-HF and one-
year mortality in HF patients, which is illustrated in Supplemental Figure S1.

Eur J Heart Fail. Author manuscript; available in PMC 2023 August 01.
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Statistical significance was assessed using a two-sided alpha level of 0.05 without
adjustment for multiplicity. Analyses were performed using STATA (version 14.2, Stata
Corp., College Station, Texas) and custom python (version 3.9) based code.

Results

Baseline Characteristics

Baseline characteristics of patients are summarized in Table 1. There were notable
differences with respect to age, proportion of women enrolled, LVEF and in the variables
comprising the MARKER-HF score between cohorts. Whereas the individual components
of the MARKER-HF score were fairly similar among the HF trial populations of patients
with HFpEF or HFrEF, greater heterogeneity was observed among the community-based
HF cohorts. In addition, patients in community-based HF cohorts generally had lower
hemoglobin and albumin levels and more advanced kidney disease when compared to
patients with HF enrolled in clinical trials.

All-Cause Mortality in Community-Based HF Cohorts and HF Trials

Rates of all-cause mortality, censored at one year, are illustrated in Figure 1. One-year
mortality was higher in community-based HF cohorts (UCSD, UCSF, Northwestern,
BIOSTAT-CHF) than in patients with HFrEF or HFpEF enrolled in clinical trials
(Supplemental Table S2). One-year mortality and MARKER-HF scores in the clinical trial
cohorts according to treatment assignment are summarized in Supplemental Table S3.

Distribution of MARKER-HF Across Cohorts

MARKER-HF scores and their distribution in each HF cohort are shown in Figure 2.

The MARKER-HF score distribution in the community-based HF cohorts (Figure 2a)
tended to be substantially broader than that seen in the clinical trial populations (Figure
2b). In particular, the relatively narrow spectra of MARKER-HF scores in the clinical

trial populations demonstrated sparse representation of patients with higher scores that are
indicative of greater mortality risk than was seen in the community-based HF populations.

Association of MARKER-HF and Death

MARKER-HF score was significantly associated with risk of all-cause death by one year in
patients with HF in all cohorts tested (Figure 3). Moreover, as shown in Supplemental Table
S4, the association between MARKER-HF and cardiovascular death was similar to that seen
for all-cause death in the clinical trial populations in which cause of death was adjudicated.
Overall, pooled data from the community-based HF cohorts (hazard ratio [HR] 1.48 [95%
confidence interval [CI]: 1.44-1.52, per 0.1 increase in MARKER-HF), HFrEF (HR 1.41
[95% CI: 1.30-1.54], per 0.1 increase in MARKER-HF) and HFpEF (HR 1.74 [95%

Cl: 1.53-1.98], per 0.1 increase in MARKER-HF) clinical trial populations demonstrated
similar strong associations between MARKER-HF score and all-cause death (Figure 4).

Eur J Heart Fail. Author manuscript; available in PMC 2023 August 01.
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Treatment Effect of Investigational Therapy Across the Spectrum of MARKER-HF Scores

In pooled analyses of CHARM-Alternative, CHARM-Added, CHARM-Preserved, TOPCAT
and PARADIGM-HF, the treatment effect of investigational therapy (candesartan,
spironolactone, and sacubitril/valsartan, respectively) relative to the comparator was
consistent across the spectrum of MARKER-HF scores represented in the clinical trial
cohorts with regards to cardiovascular death (p-interaction =0.79) and all-cause death
(p-interaction=0.78) (Figure 5). Similarly for the individual trials, treatment effect of the
investigational therapy relative to the comparator was not modified by MARKER-HF (p-
interaction =0.07 for all).

Estimated Sample Size Based on the Anticipated Treatment Effect and Underlying Patient

Risk Profile

Estimated sample sizes required to provide a clinical trial with 80% power to detect a
significant reduction in all-cause death are shown in the Graphical Abstract. Columns
display various anticipated treatment effects, i.e., the hazard ratio as a function of
MARKER-HF risk, and rows explore different underlying risk profiles of study populations,
as estimated by MARKER-HF scores. Traversing a column downwards increases the risk
profile of the tested cohort, whilst traversing a row explores various treatment effects for a
given cohort risk spectrum.

Specifically, for investigational therapy scenarios A, B, C, E and F we observe a large
reduction in required cohort size (between 3-10 time smaller) to achieve 80% power. In
case D, where the expected treatment is less effective in high-risk patients, we see a modest
(10%) increase in the required cohort size to achieve 80% power.

Discussion

In this study, we found that the clinical characteristics and risk profiles of patients

in community-based HF cohorts differed from those in patients enrolled in clinical

trials. Specifically, community-based populations experienced substantially higher one-year
mortality than was seen in patients enrolled in either HFpEF or HFrEF trials. Mirroring
these differences in risk profiles, MARKER-HF scores were higher, indicating higher risk
of mortality, in community-based HF cohorts than in clinical trial populations and they had
a wider distribution reflecting a broader range of estimated mortality risk. MARKER-HF
successfully predicted mortality with similar risk associations in the community-based and
clinical trial populations of patients with HFrEF and HFpEF. In the trials studied, the
treatment effect of investigational therapy did not differ as a function of MARKER-HF
scores. When assessing the impact of enriching a study population based on MARKER-HF
scores, we found that by selecting patients at higher risk, the sample size required for
detecting a mortality benefit could be substantially reduced as long as the treatment effect of
the investigational therapy was not attenuated in patients at higher risk.

Randomized clinical trials form the cornerstone of evidence-based medicine. Advances
in the care of patients with HF, based on large randomized controlled trials, have the
potential to lead to substantial reductions in morbidity and mortalityl®. Yet real-world

Eur J Heart Fail. Author manuscript; available in PMC 2023 August 01.
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changes in mortality over time have not paralleled the benefits of HF therapies observed

in clinical trials1-16-18_ Although this dichotomy is likely due to a variety of factors
including suboptimal implementation of beneficial therapies!®, concerns about the external
validity of clinical trials have also been raised as findings from a highly selected clinical
trial population may not necessarily be generalizable to a “real-world” population20.
Patients enrolled in clinical trials are often younger, less racially and ethnically diverse,
have a lower burden of comorbid conditions and are prescribed fewer medications than
patients in community-based HF cohorts21-25, To maximize internal validity and minimize
drug-related safety concerns in patients with impaired renal function or other significant
comorbid conditions, patients at highest risk are often excluded from clinical trials. In part
owing to strict inclusion and exclusion criteria, patients enrolled in clinical trials are less
representative and are at lower risk than patients in community-based HF cohorts and they
experience lower mortality. In the current study, we observed that patient characteristics
differed substantially between community-based and clinical trial cohorts and one-year
all-cause mortality was substantially lower in clinical trial populations than in community-
based ones, consistent with findings from prior studies®8:26. These differences in risk
profiles were reflected in the distribution of MARKER-HF scores between the populations
that were studied. Mean MARKER-HF scores were lower (indicative of lower risk) and
their distribution had narrower width in clinical trial populations in comparison with the
distribution of MARKER-HF scores in community-based HF cohorts. This observation
indicates a broader range of risk and a more diverse patient population in the community-
based cohorts. Most importantly, the risk spectra in clinical trials were depleted on the
high-risk end of the spectrum in comparison to those in community-based HF cohorts.

Such differences in clinical profiles of patients can not only influence the estimated effect
of therapy but the resultant lower mortality rates in clinical trials may also make it more
difficult to detect a significant treatment effect on this important outcome. Faced with low
event rates in an event-driven trial, increasing the size of the study population or extending
follow-up time are the only measures that can be taken to reach the prespecified number of
events. Such steps, however, impose substantial logistical and financial burdens that tend to
stifle innovation. To optimize clinical trial efficiency the U.S. Food and Drug Administration
encourages the use of prognostic enrichment, i.e. the selection of patients with greater
likelihood of experiencing a disease-related endpoint2’. Contemporary HF trials have used
natriuretic peptide-based inclusion criteria or recent HF hospitalization, both for prognostic
enrichment and to enhance confidence in the diagnosis of HF among enrolled patients.
While these enrichment strategies using unidimensional markers of risk increase clinical
trial event rates, they also select for a less diverse patient population than is encountered

in clinical practice?8. More recently multi-dimensional risk prediction algorithms derived
from diverse pulmonary arterial hypertension registries have been retrospectively applied to
seminal trials in patients with pulmonary arterial hypertension2®. Enriching for intermediate
and high-risk patients based on these multi-dimensional risk scores not only reduced
estimated sample size and duration of follow-up but was also associated with potential cost
savings despite higher screen failure rates?9. Selecting a study population based on multi-
dimensional risk scores that capture the diversity of patients with HF in the community with
regards to their characteristics and risk profiles may therefore enhance external validity and

Eur J Heart Fail. Author manuscript; available in PMC 2023 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Jering et al.

Page 8

increase event rates if sufficient high-risk patients were enrolled, and may be associated with
cost savings despite higher screen failure rates.

In the present study, we assessed the potential impact of using the MARKER-HF score,

as an example of an easily computable multi-dimensional risk score, to select a population
at higher risk of mortality. Our results depicted in the Graphical Abstract demonstrate the
power of this approach. For therapeutic interventions that reduce mortality between 15-25%
(columns A-C), the sample size that would be required to show a beneficial effect could

be reduced by nearly 70%. Enrollment of an enriched population would have a greater
impact on sample size required to show benefit if the intervention were more effective in
patients at higher risk as was seen in a recent trial of the myotrope, omecamtiv mecarbil3C,
Conversely, for interventions with diminished efficacy at higher levels of risk, enrolling a
high-risk population based on MARKER-HF score would be counter-productive as a greater
number of patients would be required to show a beneficial effect. In this case, trial efficiency
could be improved by selectively excluding patients with higher risk MARKER-HF scores.

Using a multi-dimensional risk score that is easily computable as an additional entry
criterion for clinical trials, and possibly abolishing other stringent exclusion criteria, might
therefore make clinical trials more efficient, reduce time-to-market of novel beneficial
therapies and furthermore enable the study of novel therapeutic agents in populations that
are more diverse and more representative of the general population. This should not by any
means prevent the use of specific exclusion criteria (e.g. dementia, ESKD, severe COPD or
advanced frailty, etc) that would potentially obfuscate a beneficial effect of the experimental
therapy. Similarly patients with end-stage cardiac disease that is no longer amenable

to therapy should also be excluded. In the current study we evaluated the predictive

ability of MARKER-HF, as an example of such a risk score, with regards to all-cause
mortality in community-based HF cohorts and clinical trial populations. MARKER-HF
successfully predicted all-cause mortality in both community-based HF cohorts and clinical
trial populations across the spectrum of left ventricular ejection fraction’:8. In addition,

in clinical trial populations in which mode of death was adjudicated, MARKER-HF also
successfully predicted cardiovascular death, an endpoint that may be more easily modified
by HF therapies and that in these trials accounted for most deaths (85% of deaths among
patients with HFrEF and 69% of deaths among patients with HFpEF). In the trials studied
the treatment effect of investigational therapy was consistent across the relatively narrow
spectrum of MARKER-HF scores represented in these trials. Whether the treatment effect of
investigational therapy would differ at the extrema of risk could not be evaluated due to the
absence of high-risk patients in the clinical trial populations.

Using MARKER-HF, as an example of a multidimensional risk score, to identify higher
risk or broader representation across the risk spectrum in a hypothetical study population,
we found that the number of patients required to demonstrate a significant treatment effect
on mortality in an event-driven trial could be reduced. Thus, incorporating MARKER-HF
score, or any risk score that is easily computable and accurately predicts mortality in a
diverse population, into the entry criteria of a trial could potentially make a clinical trial
more efficient.

Eur J Heart Fail. Author manuscript; available in PMC 2023 August 01.
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The current study should be interpreted within the context of its limitations. Cause of death
was not adjudicated in community-based HF cohorts and the association of MARKER-

HF with cardiovascular death could therefore not be studied in these cohorts. However,

in clinical trial populations, in which mode of death was adjudicated, MARKER-HF
successfully predicted all-cause as well as cardiovascular death, which in fact accounted

for most deaths. Due to lack of laboratory data, a sizeable proportion of patients enrolled in
clinical trials was excluded from this analysis since MARKER-HF could not be calculated,
possibly introducing selection bias. Mortality in clinical trial populations, however, was
similar in patients included in and excluded from this analysis (Supplemental Table S2).
Albumin and RDW were not consistently available in all cohorts, and when one of these
variables was consistently missing its value was imputed. We have previously shown that the
performance of MARKER-HF was similar when using all eight clinical variables to compute
the MARKER-HF score or when one variable was imputed’. Moreover, the 8 variables used
to calculate the MARKER-HF score are readily available in most clinical settings and could
be obtained with relative ease as part of the screening process for patients being considered
for entry into a trial.

Our finding that mortality in community based and registry cohorts was higher than in the
clinical trial populations can be explained, to some degree, by the fact that community
based and registry populations were identified in a variety of settings, including during
hospitalization. Inclusion of hospitalized patients would increase the mortality rate in this
group. Conversely, identification of patients in the community based cohorts using an EHR
data base also likely have resulted in capture of outpatients with very mild disease, a

factor that would have the opposite effect on the mortality rate. Although the clinical

trials included in this analysis did not enroll hospitalized patients, they likely did include
recently discharged patients who increased the mortality rate in these populations. As the
cumulative impact of these diverse factors cannot be precisely quantified, the differences
in relative mortality risk between community and registry based cohorts and clinical trial
based populations should be considered with these limitations in mind. There are, however,
numerous reports in the medical literature that support our finding of a substantial difference
in mortality rate between community based and registry populations and patients included
in clinical trials1=6:21-2526 Although mortality rates differed between patients with HFrEF
and HFpEF in the clinical trials included in the present analysis, similar differences are not
seen in community based populations3132, including the UCSD cohort®. Consequently, we
did not separate the community based cohorts into groups based on their LVEF.

It should be noted that mortality rates in clinical trials where the investigational agent
reduced mortality (i.e.,PARADIGM-HF and CHARM-Alternative but not CHARM-Added,
CHARM-Preserved or TOPCAT) were influenced by the investigational treatment, a factor
that would tend to widen the mortality difference between clinical trial and community
based cohorts. However, calculating mortality risk in only the comparator group from a
trial population such as CHARM-Alternative would augment the mortality rate since these
patients would not be on either an angiotensin converting enzyme inhibitor or angiotensin
receptor blocker and unfairly diminish the mortality risk gap with community based and

Eur J Heart Fail. Author manuscript; available in PMC 2023 August 01.
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registry populations which included many patients who were being treated with one of these
agents which are known to reduce mortality.

Sample size calculations assumed that treatment-related adverse effects and treatment
discontinuation are uniform across the risk spectrum. Use of MARKER-HF or any

other method of increasing the likelihood of clinical outcomes in patients enrolled in a
clinical trial would likely result in an increase in serious adverse events and this could
disproportionally increase the workload at study sites. The impact of such an effect if it
occurred, however, on overall study operation and cost may be offset by the requirement
for a reduced sample size with a smaller number of patients required to be enrolled and
followed at each site. The possibility that use of a risk score to help identify patients for
entry into a clinical trial would improve efficiency is hypothetical and needs to be tested
by incorporation of this strategy into the study design of future clinical trials. Finally, it is
important to note that we used a single approach to identifying risk in patients with HF.
Although, use of MARKER-HF seems promising in this regard for its simplicity and ease
of computation, other approaches for discriminating risk are also available and could be
considered.

In conclusion, mortality is substantially lower in clinical trial populations of patients

with HFrEF and HFpEF as compared with community-based HF cohorts. MARKER-

HF successfully predicted mortality in community-based HF cohorts and clinical trial
populations. Future studies should prospectively evaluate whether incorporation of a multi-
dimensional, reproducible risk score as an entry criterion into clinical HF trials might allow
for enrollment of patients across a broad spectrum of risk, thereby enhancing clinical trial
efficiency and generalizability.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Rates of All-Cause Mortality According to HF Cohort.

The cumulative incidence of all-cause death by one year is shown in community-based
cohorts of patients with HF (UCSD, UCSF, Northwestern, BIOSTAT-CHF) (A), and clinical
trials of patients with HFrEF (CHARM-Alternative, CHARM-Added, PARADIGM-HF)
(B), and HFpEF (CHARM-Added, TOPCAT) (C). Mortality was censored at one year to
ensure equal follow-up across HF cohorts.
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Distribution of the MARKER-HF Score Across HF Cohorts.

Histograms display the distribution of the MARKER-HF score across community-based
cohorts of patients with HF (A-D) and clinical trials of patients with HFrEF (£-G) and
HFpEF (H-/). A reference line is drawn at a value of 0 to help visualize differences in the

distribution of the score across cohorts.
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Summary of associations of MARKER-HF with One-Year Mortality Across Individual HF

Cohorts.

Shown is the association of MARKER-HF with all-cause death by one year using hazard
ratios (95% CI) associated with a 0.1 increase in the MARKER-HF score in each respective

HF cohort.
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Figure 4.

Association of MARKER-HF with One-Year All-Cause Death Across HF Cohorts.
Relationship between MARKER-HF score and all-cause death by one year in community-
based cohorts of patients with HF (UCSD, UCSF, Northwestern, BIOSTAT-CHF) (A) and
clinical trials of patients with HFrEF (CHARM-Alternative, CHARM-Added, PARADIGM-
HF) (B) and HFpEF (CHARM-Preserved, TOPCAT) (O).

The solid line represents the hazard ratio (HR) associated with all-cause death by one year,
and dashed lines the 95% confidence interval. Histograms show the distribution of the
MARKER-HF score for each cohort.

*associated with a 0.1 increase in MARKER-HF score
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Treatment Effect of Investigational Therapy Versus Placebo Across the Spectrum of
MARKER-HF Scores in Pooled Analyses of Clinical Trials.

The treatment effect of investigational therapy (candesartan, spironolactone, and sacubitril/
valsartan, respectively) relative to placebo on cardiovascular and all-cause death was
consistent across the spectrum of MARKER-HF scores represented in these trial populations
in pooled analyses of CHARM-Alternative, CHARM-Added, CHARM-Preserved, TOPCAT
and PARADIGM-HF. Estimated hazard ratios and 95% confidence intervals were obtained
from Cox regression models with MARKER-HF scores expressed via restricted cubic

splines.
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