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Abstract

Aims The TOPCAT trial showed no benefit for spironolactone in heart failure patients with preserved ejection fraction
(HFpEF). Post-hoc, spironolactone helped participants from the Americas, but not Eastern Europe. Determining which patients
with HFpEF could respond like TOPCAT'’s responders should help guide their care. We aimed to develop a TOPCAT Trial Score
(TS) as a composite metric to identify such patients.

Methods and results From the TOPCAT individual-level data, we calculated a TS of age, body mass index, systolic blood
pressure, heart rate, creatinine, potassium, glucose, left ventricular ejection fraction, and left atrial volume for each
participant as a weighted distance in multidimensional space from the theoretical perfectly average Americas participant.
Logistic regression was used to measure TS and spironolactone as predictors of TOPCAT’s primary outcome. The relationship
between TS and the H,FPEF score was also determined in TOPCAT and a registry cohort of real-world patients in the U.S. with
HFpEF. A bimodal distribution of TS separated American (n = 1766) and Eastern European (n = 1,677) participants. Those with
lower TS showed no significant response to spironolactone. Spironolactone’s benefit rose with rising TS [Binteraction = -0.28
(P < 0.01)]. Significantly more American participants had benefit from spironolactone based on higher TS (> 1.14), in addition
to higher likelihood of HFpEF based on higher H,FPEF scores (>3). The cohort of real-world patients with HFpEF had even
higher TS than American TOPCAT participants.

Conclusions Patients with HFpEF can be quantified by the TS to capture the likelihood of benefit from spironolactone.
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Introduction

Over 6.2 million American adults are afflicted with heart
failure (HF), and over half these patients have HF with
preserved ejection fraction (HFpEF).%? There are few consen-
sus medical treatments for HFpEF despite numerous clinical
trials, as most showed no benefit to the trialled intervention.?
A key proposed reason for recurrent neutral trials is the diffi-
culty in accurately diagnosing, and thus enrolling, patients
with HFpEF. This difficulty has been particularly evident in
analyses of the Treatment of Preserved Cardiac Function
Heart Failure with an Aldosterone Antagonist (TOPCAT)

trial.*”” Recently, more accurate diagnostic scores and criteria
have been developed, but there are limitations to the
retrospective application of these criteria to prior random-
ized controlled trials.®®

Spironolactone has been regarded as a promising medica-
tion for the treatment of HFpEF because of its observed
positive effects on the cellular, serum biomarker, and echo-
cardiographic level.1®® In the TOPCAT trial, patients with
HFpEF were randomized to spironolactone versus placebo,
and no significant difference in the primary composite out-
come was found.* However, further analyses indicated signif-
icant improvement in the patients enrolled in the United
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States, Canada, Brazil and Argentina (i.e. Americas) when
compared with those enrolled in Russia and the Republic of
Georgia (i.e. Eastern Europe).’**® The reason for this differ-
ence has included concerns over accurate diagnosis and en-
rolment of patients with true HFpEF in the Eastern Europe
group, as well as suspicion, based on serum measurements
of the spironolactone metabolite canrenone, that Eastern
European patients randomized to spironolactone were not
actually taking the medication.**™*® Overall, TOPCAT provides
an opportunity, based on non-uniformity of the participants,
to identify the types of patients with HFpEF that would
respond positively to spironolactone.

Even without the caveats affecting the TOPCAT trial, appli-
cations of clinical trials to individual patients have proven dif-
ficult. A specific patient may be phenotypically similar to the
trial participants, but not strictly fulfil all of the inclusion
criteria, and conversely, a patient may have characteristics
that would have allowed for trial enrolment yet still have
an overall phenotype dissimilar to the trial population. The
development of a Trial Score (TS) to assess an individual pa-
tient’s representation within a clinical trial was first described
and validated in a secondary analysis of the Systolic Blood
Pressure Intervention (SPRINT) trial.}” Due to the heteroge-
neous nature of HFpEF as a syndrome and the need to iden-
tify patients more likely to benefit from spironolactone,
TOPCAT is well positioned for development of a TS as a met-
ric that captures multiple characteristics of TOPCAT partici-
pants concurrently to allow for tangible comparison to
individual patients.

We now understand that HFpEF is a heterogeneous diag-
nosis, treatment requires accurate diagnosis, and TOPCAT
had significant limitations that likely prevented it from being
a positive trial. Therefore, we aimed to identify, quantita-
tively, which patients, based on the results of TOPCAT, were
best represented as most likely to respond to spironolactone.
We developed and demonstrated a composite metric to eas-
ily identify these patients.

Methods

De-identified individual-level data from the TOPCAT trial
were provided by the US National Heart, Lung, and Blood In-
stitute via the Biolincc data repository.*®*° This study was
deemed exempt by the University of Chicago Institutional
Review Board, and the data were obtained after a signed
data use agreement. Statistical analysis, data synthesis and
model creation were performed between July 2019 and April
2020. Study design, baseline characteristics and primary out-
comes of the TOPCAT trial have been described in detail
previously.*420-1

A conceptual framework was created to define and
succinctly quantify the difference between an individual

patient and the theoretical average participant enrolled in
the TOPCAT trial. This difference was termed the TS. This
method of assessing patients’ baseline characteristics,
regardless of trial inclusion or exclusion criteria, was
previously described in a secondary analysis of the SPRINT
trial.>*

Baseline characteristics collected for calculation of the TS
included age, body mass index (BMI), systolic blood pressure
(SBP), heart rate (HR), creatinine, potassium, glucose, left
ventricular ejection fraction (LVEF) and left atrial volume
(LAV) for each American participant. Each baseline character-
istic was chosen because it is a continuous variable,
sufficiently distinct from the others, and a standard clinical
measure for a patient with HFpEF.2 We did not include brain
natriuretic peptide (BNP) or N-terminal-proBNP in the TS as
not all patients enrolled in the trial were required to have
one or the other; the differing assays for BNP combined with
excess absent measurements prevented its inclusion. On the
other hand, we included LVEF and LAV, which were not
available for every study participant, as these were still the
most available echocardiographic measures and are associ-
ated with the diagnosis of HFpEF.®

The TS is a weighted distance in multidimensional space
from the theoretical individual with exactly average values
for each measure. Conceptually, as opposed to considering
each baseline characteristic of a trial on its own, the TS is a
number that captures how similar or dissimilar a given
participant (or patient) is from the ‘perfectly average’ trial
participant—a theoretical individual possessing the exact
mean value for all characteristics—when considering multiple
baseline characteristics all at once. For each variable,
weighting was applied separately to values above vs. below
the average value after normalization, respectively, by
positive or negative deviation (a unidirectional variation
of standard deviation). See description of weighting in
Statistical analysis. The TS also corrects for missing variables
by normalizing to the square root of the number of available
variables for each participant. The formula for the positive
and negative deviations and the formula for the weighted
TS are provided in Supporting Information.

Using the formula derived from the American
participants, the TS was also calculated for the Eastern
European participants. TS and treatment arm were then in-
corporated into regression analysis as predictors of the
trial’s primary outcome—cardiovascular mortality, aborted
cardiac arrest or heart failure hospitalization—as the
dependent variable.

We also calculated the TOPCAT TS for a de-identified
clinical registry cohort of patients with HFpEF (n = 420)
recruited prospectively from the outpatient clinic of the
Northwestern University HFpEF Program between March
2008 and May 2011 as part of a systematic observational
study of HFpEF (ClinicalTrials.gov identifier NCT01030991),
which has been described in detail previously.>?%* All patients
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were recruited after hospitalization for HF, and all had an
LVEF > 50%. Besides a prior hospitalization for HF, patients
were required to have evidence of either significant diastolic
dysfunction (Grade 2 or 3) on echocardiography, evidence of
elevated left ventricular filling pressures on invasive hemody-
namic testing or BNP > 100 pg/mL to ensure the diagnosis of
HFpEF. Patients with greater than moderate valvular disease,
prior cardiac transplantation, history of reduced LVEF < 40%
(i.e. recovered EF) or diagnosis of constrictive pericarditis
were excluded. All study participants gave written
informed consent, and the institutional review board at
Northwestern University approved the study. Patients with
creatinine > 2.5 mg/dL were removed from this cohort as
spironolactone is contraindicated in these patients (and were
excluded from TOPCAT),>* resulting in 377 total patients in-
cluded in the present analysis.

Finally, we calculated the H,FPEF score in all TOPCAT pa-
tients to determine the relationship between accurate HFpEF
diagnosis and benefit from spironolactone.

Statistical analysis

The differences between an individual patient’s baseline
characteristic and the average were calculated and weighted
as part of the TS calculation. Logistic regression was used to
measure baseline characteristics and spironolactone as
predictors of the trial’s primary outcome. Weighting was
determined by two factors: (1) the association of each char-
acteristic with the primary outcome and (2) the association
with benefit from spironolactone. Missing data were not im-
puted. The TS is normalized by the number of variables avail-
able for each participant (equalizing missingness between
analysed groups did not significantly change the TS). )(2 tests
were used to determine significance of group differences
(Americas vs. Eastern Europe vs. registry) in TS and H,FPEF
score.

Table 1 Trial Score component variables

Results

Trial score calculation and response to
spironolactone

The TS was calculated with data from the participants
enrolled in TOPCAT from the Americas (n = 1766). First, the
mean and deviations in both directions of nine distinct
clinical and echocardiographic characteristics were calcu-
lated. Next, the deviations of each of those nine characteris-
tics were weighted in the TS calculation based on their
individual association with the primary outcome and with
benefit from spironolactone (see Table 1). The strongest
weighted characteristics were older age, high BMI, low
creatinine, high creatinine, low potassium, large left atrium
and high LVEF; extreme values in those characteristics would
increase the TS the most. All weights were incorporated into
the full TS formula (Supporting Information).

The distribution of the TS for the Americas participants is
shown in Figure 1. The theoretical Americas participant
possessing the exact average value for all of the nine charac-
teristics would have a TS of zero. The median American TS
was 1.49 (IQR 1.19-1.83), with 97.5% of TS values being less
than 2.63. Using the formula derived from the Americas
participants on the Eastern European participants (n = 1677)
reveals that their TS were significantly lower [median 1.24
(IQR 1.02-1.50), 97.5th percentile 2.08; compared with
Americas, P < 1 x 10’15]. In other words, by this score,
Eastern European participants were more similar to the theo-
retical American participant possessing perfectly average
characteristics than the American participants themselves,
who had a greater tendency to be outliers (Figure 1A).

Analysis of the American participants’ primary event rate
as a function of TS and spironolactone treatment indicated
that TS began to predict benefit from spironolactone at TS
1.14 or greater (Figure 1B). Participants with TS < 1.14 did
not, as a group, derive benefit. In the placebo arm, events
were more frequent with higher TS, but in the spironolactone

Weight for values Weight for values

Clinical measure Mean Positive deviation Negative deviation above mean below mean
Age 71.5 years +9.1 years —10.3 years 1.95 1.37
BMI 33.8 kg/m? +9.6 kg/m? —6.8 kg/m? 2.35 1.15
Creatinine 1.17 mg/dL +0.39 mg/dL —0.30 mg/dL 2.09 2.19
K 4.19 mEg/L +0.39 mEg/L —0.47 mEg/L 0.66 1.70
Glucose 116 mg/dL +78 mg/dL —27 mg/dL 0.90 1.52
HR 69 per min +12 per min —10 per min 1.46 1.43
SBP 127.5 mm Hg +15.2 mm Hg —16.6 mm Hg 1.1 1.28
LVEF 59.6% +6.8% —8.8% 2.72 1.07
LA volume 61.4 mL +34.3 mL —20.7 mL 1.94 0.23

The nine Trial Score input components of the Americas participants. Shown are mean values, the positive and negative deviations from the
mean (unidirectional versions of standard deviation; formula in Supporting Information) and the weighting of each variable, depending

on whether a participant’s value falls above or below the mean.

BMI, body mass index; HR, heart rate; K, potassium; LA volume, left atrial volume; LVEF, left ventricular ejection fraction; SBP, systolic

blood pressure.
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arm, that relationship was nearly flattened. Thus, the benefit
from spironolactone rose with increasing TS, confirmed by
logistic regression of treatment arm and TS as predictors of

Figure 1 The Trial Score in TOPCAT. (A) Distribution of trial score (TS) in
the TOPCAT participants from the Americas (blue) and Eastern Europe
(red). (B) TOPCAT Americas primary event rate—cardiovascular mortality,
aborted cardiac arrest and heart failure hospitalization—as a function of
treatment arm and TS. The line estimate curves start to diverge at
TS = 1.14, with the rate on placebo rising as TS rises, whereas the rate
on spironolactone does not.
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the primary event (Binteraction = —0.28, P < 0.01). Because
the majority of events occurred in the Americas subset, the
treatment effect of spironolactone on the total TOPCAT
population is very similar to the Americas (Figure SI). There
were far fewer events in the Eastern European subset, so
no relationship can be identified, and this is in line with the
overall observation that these participants had far lower-
than-expected event rates and low adherence to the trial
intervention (Figures S2 and §3).*47%¢

Real-world demonstration of trial score

We demonstrated the TS in a real-world clinical registry of
patients with confirmed HFpEF and a prior hospitalization
for HF. Of the 420 patients, 43 were not included in this
analysis due to creatinine > 2.5 mg/dL, because this is a rela-
tive contraindication for spironolactone and because this
population is excluded in both TOPCAT and current ACC/
AHA heart failure guidelines.>* The distribution of TS for
the remaining patients (n = 377) was more similar to the
Americas subgroup than the Eastern Europe subgroup, but
an even greater proportion were in a range consistent with
spironolactone benefit (Figure 2), with 90% possessing a
TS > 1.14 [median 1.76 (IQR 1.38-2.15); compared with
Americas, P < 1x10™*°, and to Eastern Europe, P < 1 x 10~ °].

Patient stratification by accurate HFpEF diagnosis
and predicted spironolactone response

We calculated the H,FPEF score on all participants enrolled in
TOPCAT, as well as the patients in the real-world cohort,
as an orthogonal way to estimate appropriateness of
spironolactone therapy by estimated probability of ‘true
HFpEF’.2 A H,FPEF score > 3 correlates with >50% likelihood

Figure 2 Real-world TOPCAT Trial Scores compared with TOPCAT participants. Distribution of trial score (TS) in a validated real-world cohort of pa-
tients with HFpEF (green), shown in the context of the American (blue) and Eastern European (red) TOPCAT participants. In the TOPCAT Americas co-

hort, the benefit of spironolactone occurred once TS exceeded 1.14.
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of HFpEF, and a H,FPEF score < 2 is consistent with <40%
likelihood of HFpEF. TOPCAT participants and registry
patients were stratified into four zones based on the TS and
H,FPEF score (Figure 3). In Zone 1, HFpEF is unlikely (H,FPEF
score < 2); in Zones 2—4, HFpEF is likely (H,FPEF score > 3),
with Zone 2 meaning the patient was well represented but
too close to ‘perfectly average’ in TOPCAT (TS < 1.14) and
thus less likely to receive benefit from spironolactone; Zone
3 meaning the patient was reasonably well represented in
TOPCAT but with TS between 1.14 and 2.63 and thus more
likely to receive benefit from spironolactone; and Zone 4
meaning that although HFpEF is likely, the patient was not
well represented in TOPCAT (TS > 2.63, the 97.5th percen-
tile), so the benefit of spironolactone is predicted, yet

unsupported by sufficient numbers of trial participants. In
this schema, Zone 3 is the most ideal for considering
spironolactone for a patient with suspected HFpEF. TS 1.14-
2.63 is associated with response to spironolactone, and Zone
3 participants (TS 1.14-2.63 with H2FPEF score > 2) have
elevated risk on placebo but not on spironolactone (Tables
S7 and S2). All of this supports spironolactone mitigating
the elevated risk of those with true HFpEF and TS 1.14-2.63.

Seventy-one percent of TOPCAT Americas participants
were in Zone 3, meaning they had likely HFpEF, were more
likely to benefit from spironolactone based on TS > 1.14
and were reasonably well represented in the trial
(TS < 2.63). On the other hand, participants from Eastern
Europe only had 41% in Zone 3 and had substantial

Figure 3 Categorizing patients by zones according to Trial Score and H,FPEF score. (A) Zone definitions for categorizing patients by concomitant TS and
H,FPEF score: Zone 1: HFpEF is unlikely (H,FPEF score < 2). Zone 2: HFpEF is likely (H,FPEF score > 3), and the patient is well represented in TOPCAT but
unlikely benefit from spironolactone (TS < 1.14). Zone 3: HFpEF is likely (H,FPEF score > 3), and the patient is well represented in TOPCAT and likely
benefit from spironolactone (1.14 < TS < 2.63). Zone 4: HFpEF is likely (H,FPEF score > 3), but the patient is not well represented in TOPCAT, so there is
unclear benefit from spironolactone (TS > 2.63). (B) Distributions across zones for TOPCAT participants from the Americas and Eastern Europe and also
for the validated HFpEF patient registry. Only those with echocardiographic data, required for H,FPEF score, were included. Each individual is shown
along with a density plot overlay. Percentages in each zone are denoted. All three population distributions were significantly different from each other
(P < 0.0001 by XZ for overall comparison and for each pair), although the patient registry more closely resembled the TOPCAT Americas participants.
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proportions in Zone 1 (HFpEF less likely) and Zone 2
(spironolactone non-benefit). Similar to the Americas
subgroup, patients from the Northwestern registry cohort
were most frequently in Zone 3 (67%) but also had a larger
proportion in the more ‘data-sparse’ Zone 4. These latter
patients would be predicted to benefit from spironolactone
but are not well represented by TOPCAT. Even though the
patient registry closely resembled the TOPCAT Americas
participants in some respects, all three population
distributions were significantly different from each other
(P < 0.0001 by y* for overall comparison and for each pair).

Discussion

HFpEF is a very heterogeneous clinical syndrome. The diffi-
culty in accurately classifying therapeutically homogeneous
subgroups of this syndrome is likely a major reason that all
large pharmacological treatment trials, to date, have been
neutral. Subgroup analyses and post hoc analyses are hypoth-
esis-generating; they have been helpful in understanding the
neutral trials and guiding designs of future studies, but it is
difficult to apply these data prospectively to patients. In our
study, we successfully created a multidimensional TS that
characterizes similarity to the TOPCAT Americas subgroup
and determines the likelihood of a beneficial response to
spironolactone. The TS provides distinct information, additive
to the validated H,FPEF score, by supplementing HFpEF like-
lihood with a determination of likely spironolactone benefit.
Finally, we were able to demonstrate the TS is easily obtained
in real patients from an established HFpEF registry.

The main purpose of the TS is to capture multiple charac-
teristics all at once, expressed as a distance from the theoret-
ical perfectly average participant in the trial. Every clinical
trial, upon publication, presents multiple distances, each in
one dimension, from the mean or median—this is the
essence of the typical Table 1 of baseline characteristics.
Conceptually, distance in multiple dimensions is a logical ex-
tension of this—instead of considering each characteristic
one by one, treat them as we would a patient, all at the same
time. In the TS used for this study, for each characteristic, de-
viations from the mean in either direction were treated sep-
arately. These details can be seen in Supporting Information.
The TS is meant to allow clinicians to see the similarities
and differences, particularly as they pertain to potential
spironolactone benefit, between patients they see and the
TOPCAT participants. The TS is not designed or claimed to
be a prognostic marker, but rather as a way to characterize
how an individual’s baseline characteristics compare to the
trial population and to potentially predict treatment effect.

Patient examples from the validated HFpEF registry
demonstrate how the score could be applied and interpreted
(Figure 4). In these examples, three patients meet all major

TOPCAT inclusion criteria, and they all have H,FPEF scores
consistent with likely HFpEF, but based on TS, they are in
different zones for confidence about spironolactone benefit,
with only one in the most ideal Zone 3. A fourth patient is
also in this ideal zone and is highly similar to the types of
TOPCAT participants who benefitted from spironolactone,
but this patient would have been excluded from the trial
based solely on age. The TS could, after accounting for trial
exclusions based on safety concerns, be used to apply the
lessons learned from the trial to patients, such as this one,
who were not a perfect fit by inclusion criteria. A tool is
provided to allow for quick TOPCAT TS calculation and
visualization (Supporting Information, The TOPCAT Trial Score
Calculator). Importantly, spironolactone will affect potassium
and creatinine, both of which are routinely considered when
prescribing this medication, and safety warnings are included
in the calculator, which will alert the user and not return a
score if potassium equals or exceeds 5 mEq/L or if the serum
creatinine equals or exceeds 2.5 mg/dL, which are generally
considered contraindications for spironolactone and were
also exclusion criteria in TOPCAT (Figure S4).

There have been persistent questions, and multiple
hypotheses, regarding the reason for the regional variation
between the Americas and Eastern European cohorts in
TOPCAT. Leading explanations include inadequate adherence
to the study drug and likely inaccurate diagnoses of HFpEF in
the Eastern European participants.***® In our study, no group
of Eastern Europe patients showed a positive response to
spironolactone based on the TS developed. This is most likely
due to the markedly lower event rates in this group
compared with the Americas group (~4-fold lower), which
calls into question the accuracy of the HFpEF diagnosis of
the Eastern European patients and also supports post hoc
analyses focusing on just the Americas group. Therefore,
the TS should only be used in patients with likely HFpEF,
and not only H,FPEF scores, but also other objective mea-
sures of filling pressures and diastolic function, can be used
to establish the diagnosis (for instance, most of the registry
patients with H,FPEF scores < 2 had their HFpEF confirmed
by these other objective measures). Only once the diagnosis
is deemed likely, the TS could hone in on those who were well
represented in TOPCAT with benefit from spironolactone.

Recently, a latent-class analysis of TOPCAT stratified partic-
ipants into three phenogroups based on clinical, echocardio-
graphic, vascular and serum biomarker data. The phenogroup
with the most significant response to spironolactone was
notable for its high prevalence of obesity, diabetes and
chronic kidney disease.>* Indeed, in our analysis, highly
weighted TS component variables included high BMI and high
creatinine, but additional highly weighted factors, including
low creatinine, high LVEF and large left atrium, emerged.
The phenogroup study sheds light on the pathophysiology
of the various aetiologies of HFpEF enrolled in a single trial.
However, the phenogroups are not easily directly applied to
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Figure 4 Patient examples for application and interpretation of Trial Scores. Patient examples from the validated HFpEF registry showing application
and interpretation of TS. Patients A, B and D all meet TOPCAT inclusion criteria, and they all have H,FPEF scores consistent with likely HFpEF, but based
on TS, they are in different zones for confidence about spironolactone benefit. Patient C is well represented and would be predicted to derive benefit
from spironolactone based on TS but would have been excluded from TOPCAT based solely on age. The TS components along with z-scores are shown
to the right of each patient; the more these components deviate from the TOPCAT averages, the higher the TS.
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an individual patient, especially as many of the serum bio-
markers used are not routinely available.?* On the other
hand, our TS is able to take routine clinical and echocardio-
graphic data and determine the likelihood of spironolactone
response to an individual patient.

Additional, randomized controlled studies are needed to
assess the benefit of spironolactone in a cohort of accurately
diagnosed HFpEF, some of which are currently ongoing.>>¢

an opportunity, based on a clinical trial with some of the
strongest evidence to date for HFpEF therapy, to individualize
patient care for this heterogeneous patient population.

Limitations

In the meantime, it is important to apply the knowledge we
have to this patient population, which has a dearth of
evidence-based treatment options. The TOPCAT TS provides

The TS is limited to baseline characteristics that are continu-
ous variables. Although categorical variables like sex and race
are not included, these factors often influence cardiovascular
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risk through many of the variables that were included. An-
other limitation of our study is that this is a retrospective
analysis of the TOPCAT trial. Though we demonstrated our
TS through application to a validated HFpEF clinical registry,
it has not yet been prospectively studied in a trial.

Conclusions

Although TOPCAT was a neutral trial overall, spironolactone
was beneficial in a substantial subgroup of this heteroge-
neous population. Patients with HFpEF can be quantified by
the TS, a composite metric that captures how similar they
are to the TOPCAT Americas cohort and how likely they are
to benefit from spironolactone.
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Table S1. Primary Event Rates by TS grouping, TOPCAT
Americas.

Table S2. Primary Event Rates by Zone, TOPCAT participants
with Echocardiographic Data.

Figure S1. TOPCAT primary event rate—cardiovascular
mortality, aborted cardiac arrest, or heart failure hospitali-
zation—as a function of treatment arm and TS for all
TOPCAT participants (Americas and Eastern Europe com-
bined).

Figure S2. TOPCAT primary event rate—cardiovascular mor-
tality, aborted cardiac arrest, or heart failure hospitalization
—as a function of treatment arm and TS for Eastern Euro-
pean TOPCAT participants. Event rates among the Eastern
European participants did not correlate with spironolactone
treatment or TS, but were also quite low.

Figure S3. TOPCAT primary event rate—cardiovascular mor-
tality, aborted cardiac arrest, or heart failure hospitalization
—as a function of geographic location and TS. Event rates
among the Eastern European participants were quite low
compared to participants in the Americas.

Figure S4. Example screenshots of the TOPCAT Trial Score
calculator. The calculator will accept input for each of the
9 component baseline characteristics of the score. If a char-
acteristic is not available, it can be left blank. The score,
text guidance, and plots will auto-refresh with any change
in the characteristics. If a K > 5 mEqg/L or Cr > 2.5 mg/dL
are entered, the score will not be provided, and a notice
will specify that these are generally contraindications to
spironolactone

Data S1. Formulas for deviations, z-score variables, and Trial
Score.

Data S2. The TOPCAT Trial Score Calculator — Microsoft Excel
tool for calculating and visualizing the TS for specific patients.
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