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ABSTRACT

Background
Biomarker-driven prognostic models incorporating NT-proBNP and hs-cTnT in

HFpEF are lacking.

Aims
To generate a biomarker-driven prognostic tool for patients with chronic HFpEF

enrolled in EMPEROR-Preserved.

Methods

Multivariable Cox regression models were created for (i) the primary composite
outcome of HF hospitalization or cardiovascular death (ii) all-cause death (iii)
cardiovascular death and (iv) HF hospitalization. PARAGON-HF was used as a

validation cohort.

Results

NT-proBNP and hs-cTnT were the dominant predictors of the primary outcome, and
in addition, a shorter time since last hospitalization, NYHA class Il or IV, history of
COPD, insulin-treated diabetes, low hemoglobin, and a longer time since HF
diagnosis were key predictors (8 variables, all P<0.001). The consequent primary
outcome risk score discriminated well (c-statistic=0.75) with patients in the top 10" of
risk having an event rate >22x higher than those in the bottom 10™. A model for HF
hospitalization alone had even better discrimination (c=0.79). Empagliflozin reduced
the risk of cardiovascular death or hospitalization for heart failure in patients across
all risk levels. NT-proBNP and hs-cTnT were also the dominant predictors of all-

cause and cardiovascular mortality followed by history of COPD, low albumin, older



age, LVEF 250%, NYHA class Il or IV and insulin-treated diabetes (8 variables, all
P<0.001). The mortality risk model had similar discrimination for all-cause and
cardiovascular mortality (c-statistic=0.72 for both). External validation provided c-
statistics of 0.71, 0.71, 0.72, and 0.72 for the primary outcome, HF hospitalization
alone, all-cause death, and cardiovascular death, respectively.

Conclusions

The combination of NT-proBNP and hs-cTnT along with a few readily available
clinical variables provides effective risk discrimination both for morbidity and mortality
in patients with HFpEF. A predictive toolkit facilitates the ready implementation of

these risk models in routine clinical practice.
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INTRODUCTION

Patients with chronic heart failure and preserved ejection fraction (HFpEF) typically
have a poor prognosis. An accurate prediction of individual patient prognosis may be
important to define tailored care strategies (e.g., frequency of clinic visits, home
follow-up by health care professionals, or prognosis-related discussions with the
patient and his/her family members). Although risk models have been developed for
patients with heart failure and a reduced ejection fraction, there is a lack of
established prognostic models for patients with HFpEF. The CHARM risk score was
developed for patients with both reduced ejection fraction heart failure (HFrEF) and
HFpEF, but it is now over 15 years old and did not include well-established
prognostic biomarkers such as NT-proBNP and hs-cTnT." The MAGGIC meta-
analysis of 30 cohort studies across the whole spectrum of chronic heart failure,
included a sub-analysis in 407 patients with HFpEF.? These models did not include
natriuretic peptides, cardiac troponins or their combination. The I-Preserve risk
models,® and the 3A3B score,* included NT-proBNP but did not include cardiac

troponins.

We have recently developed biomarker-driven prognostic models for patients with
HFrEF. In these models, N-terminal pro-brain natriuretic peptide (NT-proBNP) and
high-sensitivity cardiac troponin T (hs-cTnT) were the strongest prognostic
predictors, followed by a few readily available clinical variables, which facilitated the
application of this prognostic tool-kit in routine practice.® This experience motivated
us to use data from Empagliflozin Outcome Trial in Patients with Chronic Heart
Failure and a Preserved Ejection Fraction (EMPEROR-Preserved) utilize information
on NT-proBNP and hs-cTnT to develop simple and ready-to-implement models for

predicting the individual patient incidence of the composite of HF hospitalization or



cardiovascular death, all-cause death, and cardiovascular death in patients with
HFpEF. We go on to validate these models using the PARAGON-HF trial. Available
risk scores for HFpEF do not include the combined use of high-sensitivity Troponin
and NT-proBNP, which are biomarkers with strong prognostic value in HF. We
hypothesize that a novel biomarker-driven risk-score will outperform the existing risk

scores for HFpEF allowing a better stratification of risk in these patients.

METHODS

Study Design

The design and primary results of the EMPEROR-Preserved trial have been
described previously®’. In brief, participants had chronic HF with New York Heart
Association (NYHA) functional class Il to IV symptoms and a left ventricular ejection
fraction (LVEF) >40% with no prior measurement <40%. Patients were also required
to have an elevated NT-proBNP level (>900 pg/ml or >300 pg/ml in patients with and
without atrial fibrillation, respectively) and a documented hospitalization for HF or
evidence of structural heart disease within 12 months before enrolment. A total of
5988 patients were randomized during March 2017 to April 2020 to receive either
empagliflozin 10mg or placebo daily over a median follow-up of 26.2 months. The
primary outcome was time-to-first event in a composite of HF hospitalization or
cardiovascular death. The mode of death and hospitalizations for HF were

independently adjudicated by a blinded committee based on pre-specified criteria.

Blood was collected for measurement of NT-proBNP (expressed in pg/ml) and hs-
cTnT (expressed in ng/L) at baseline and measured in a central laboratory (Roche

Diagnostics, Risch-Rotkreutz, Switzerland) using a Roche® Cobas analyzer. The



Institutional Review Board of each study site approved of all study procedures and

all patients provided informed consent.

External validation was performed in a subset of patients from the PARAGON-HF
trial. During July 2014 to December 2016 the PARAGON-HF trial randomized 4796
patients with HFpEF to sacubitril/valsartan or valsartan, its methods and primary
results have been published previously.® A subset of 1251 patients from PARAGON-
HF who had available hs-cTnT, NT-proBNP (using the same assays), and the
remaining variables required to validate the EMPEROR-Preserved models was used

for external validation.®

Statistical Analysis

For the primary composite outcome of HF hospitalization or cardiovascular death,
HF hospitalization alone, all-cause mortality, and cardiovascular death multivariable
Cox proportional hazard models were used to study the relation of patient variables
at baseline to outcome incidence. First, 35 variables were selected by the
EMPEROR-Preserved Executive Committee based on their availability, clinical
significance and potential prognostic importance; these 35 candidate predictor
variables are listed in Supplementary Table S1. Second, we used stepwise forward
variable selection with P<0.001 as a criterion for inclusion (to keep the model
parsimonious) with log-transformed NT-proBNP and hs-cTnT to achieve a good
linear fit. Third, we evaluated model discrimination (using Harrell’s c-statistics) and
calibration (by plotting the observed versus predicted 2-year risk by deciles of risk).
Missing data were rare, with all candidate covariates available in >90% of patients.
We used single value imputation to impute missing data using the median for

continuous variables or the mode for categorical variables.



The EMPEROR-Preserved risk models’ coefficients were applied to the PARAGON-
HF subset of 1251 patients to obtain their predictive capacity expressed by c-

statistics and model calibration shown in calibration plots.

Analyses were performed using SAS, version 9.4 (SAS Institute) and STATA,

version 17.0 (StataCorp, 2021).

RESULTS

Primary Composite Outcome

The primary composite outcome of HF hospitalization or cardiovascular death
occurred in 415 of 2997 patients (13.8%) in the empagliflozin group and in 511 of
2991 patients (17.1%) in the placebo group: hazard ratio (HR) 0.79, 95% confidence

interval (Cl) 0.69-0.90, P<0.001.

After stepwise variable selection, the prognostic model for the primary outcome
included log-transformed NT-proBNP and hs-cTnT as the most powerful predictors,
based on the chi-squared statistic for inclusion. These two biomarkers were followed
by (1) shorter time since most recent HF hospitalization, (2) NYHA functional class
[I/1V, (3) history of chronic obstructive pulmonary disease (COPD), (4) insulin-
treated diabetes, (5) hemoglobin <12 g/dL and (6) time since HF diagnosis of 1 year
or greater. The randomized treatment (empagliflozin versus placebo) remained

highly predictive after adjustment for these 8 baseline predictors (Table 7).

The strength of prediction for the primary outcome is captured by the c-statistic of

0.748 (95% CI 0.732-0.764). The goodness of fit and strength of prediction for this



model, based on eight baseline predictors plus randomized treatment, are displayed

in Figure 1A.

A risk score based on the coefficients in Table 1 has its distribution divided into 10
equal-sized groups. In each decile there is good agreement between the observed
and model-predicted patient risk, both expressed as the percentage having a primary
event in 2 years. Comparing top and bottom deciles of risk the observed two-year
event rates are 47.8% and 2.1%, respectively. We considered the option of
extending the model to include other predictors that each achieved P<0.01 rather
than the more stringent P<0.001: this would have added total bilirubin and history of
left bundle branch block. Also, both albuminuria determined by urinary albumin-to-
creatinine ratio UACR, and KCCQ overall summary score were highly significant
independent predictors (each p<0.0001), but they were excluded from our primary
model because these variables are not readily available for clinical use, and also
UACR was not available in our validation cohort. The addition of these two variables
would increase model complexity but with only a slight gain in strength of prediction,

c becomes 0.756. The consequent model is shown in Supplemenray Table S3A.

To evaluate the effect of empagliflozin at different levels of patient risk, we calculated
a risk score using coefficients for the eight significant predictors in Table 1 (excluding
the coefficient for randomized treatment). We then stratified patients into equal-sized
thirds of risk each containing around 2000 patients per risk tertile. Figure 2A shows
the HR and 95% Cls for empagliflozin versus placebo by tertiles of risk. There is a
consistency of relative risk reduction in all three risk groups (P for trend =0.68).
Figure 2B shows the absolute difference in risk for the same tertiles, expressed as
the treatment difference in primary event rate per 100 patient-years. On this absolute

scale there is a significant trend in treatment effect by risk groups: for low, medium,



and high-risk groups the rate differences are -0.64, -1.86 and -3.93 primary events
per 100 patient-years, respectively (P for trend =0.026). Kaplan Meier plots of the
primary outcome over 24 months by risk tertiles and by treatment groups confirm

these patterns of treatment effect by patient risk (Supplementary Figure S1).

Heart Failure Hospitalization Only

There is interest in also determining risk models for incidence of heart failure
hospitalization only. The same set of predictors are identified as for the primary
endpoint, with the exception that diabetes is no longer such a powerful predictor, see
Supplementary Table S4A. The c-statistic is 0.787 which is higher than for the
primary endpoint, and the goodness of it and strength of prediction for this model are
shown in Supplementary Figure S2. In addition to NT-proBNP and hs-cTnT
remaining powerful predictors, a recent prior HF hospitalization predicts particularly

strongly.

Adding in UACR and KCCQ-OSS slightly enhances prediction, ¢ becomes 0.793,
and this fuller model is in Supplementary Table S4B. Further inclusions of urea
nitrogen and total bilirubin as significant predictors increase c to 0.798 but of course

add to model complexity.

All-Cause and Cardiovascular Mortality

Death from any cause occurred in 849 (14.2%) of 5988 patients, 422 in the
empagliflozin group and 427 in the placebo group: HR 1.00 (95% CI1 0.87-1.15). A
new risk model for mortality, using the same set of candidate predictors as above,

yielded eight variables that achieved the inclusion criterion of P<0.001 (Table 2). NT-



proBNP and hs-cTnT remained the most dominant risk factors for mortality, followed
by history of COPD, lower albumin, older age (especially over 75 years), LVEF
<50%, NYHA class Ill/IV and insulin-treated diabetes. The distributions of all five

quantitative risk factors are presented in Supplementary Figure S2.

The c-statistic for this prognostic model for all-cause death is 0.715 (95% CI 0.697-
0.733) and Figure 1B shows the model’s goodness of fit and strength of prediction.
Comparing top and bottom deciles of risk, the observed 2-year mortality rates are
33.2% and 3.3%, respectively. A model that also included UACR and KCCQ-0OSS
slightly enhanced prediction, ¢ becomes 0.721, and is shown in Supplementary

Table S3B.

A cardiovascular cause accounted for 55% of all deaths (n =463): 219 in
empagliflozin and 244 in placebo with HR = 0.91 (95% CI 0.76-1.09). Using the
same eight variables as in the all-cause death model, a risk model for cardiovascular
mortality yielded a very similar strength of prediction: c-statistic 0.718 (95% CI 0.694-

0.741) (Supplementary Table S2).

A summary of our predicitive models is presented in the Central lllustration.
Biomarker combination for risk prediction

Given the key roles of NT-proBNP and hs-cTnT in determining patient risk of the
primary outcome and all-cause death, we explored how risk was affected by both
markers. In Figure 3 and Supplementary Table S5, we simultaneously stratified both
NT-proBNP and hs-cTnT into thirds of their distribution and then showed how event
rates of the primary outcome and all-cause death varied according to these nine
patient groups. Patients with both the lowest NT-proBNP and lowest hs-cTnT had a

primary event rate of 2.2 per 100 patient-years compared to 19.2 per 100 patient-



years in those with highest NT-proBNP and hs-cTnT: a rate ratio of 8.7. For all-cause
death, a similar pattern emerged with a rate ratio of 6.3 for comparing the two
extremes. There are strikingly consistent monotonic trends in risk for both
biomarkers simultaneously for both outcomes. It is noteworthy that the two
biomarkers are positively associated with a Pearson correlation of r =0.34.

It is worth exploring how risk prediction models based on these two biomarkers only
(ie ignoring the other predictors in Tables 1 and 2) would perform: the c statistics are
0.703 (for primary endpoint) and 0.679 (for death) which are reasonable, but still

substantially less than the corresponding 0.748 and 0.715 for the full models.

Models by Ejection Fraction Subgroups

In Supplementary Tables S6 and S7 we present separately for patients with LVEF
<50% and LVEF =50%, risk models for the primary outcome and all-cause mortality.
There is a notable consistency of findings, whereby all factors show similar strengths

of risk prediction for both LVEF categories i.e., <60% and 250%.

External Validation

External validation was performed in a subset of 1251 patients of the PARAGON-HF
trial with available hs-cTnT and NT-proBNP at randomization.® A comparison of the
relevant baseline variables in EMPEROR-Preserved and PARAGON-HF subset is
shown in Supplementary Table S8. Patient characteristics were similar between the
two trials. Supplementary Table S8 also compares the PARAGON-HF subset with
other PARAGON-HF patients, and shows a broad similarity. In this PARAGON-HF

subset over a median follow-up of 24 months, 223 (17.8%) patients had a composite



of cardiovascular death or HF hospitalization, 143 (11.4%) patients died of which 82

were cardiovascular deaths.

Applying the EMPEROR-Preserved risk models to the PARAGON-HF population
gave c-statistics of 0.711 (0.672-0.749) for the composite of cardiovascular death or
HF hospitalization, 0.719 (0.665-0.772) for all-cause death, and 0.718 (0.652-0.784)
for cardiovascular death. A monotonic increase in events was observed across
quintiles of all three risk score distributions, and the models presented good
calibration for all studied outcomes, despite that for all-cause death the observed

deaths were lower than expected from the model. See Figure 4.

We also applied the EMPEROR-Preserved risk model for HF hospitalization in
Supplementary Table S4A to the PARAGON-HF subset and achieved c¢=0.712
(0.668-0.757). Model goodness-of-fit and calibration is shown in Supplementary

Figure S4

DISCUSSION

The biomarker-driven risk models that we present here provide effective risk
discrimination for patients with HFpEF both for HF-related morbidity and mortality, as
summarized in the Central lllustration. Their practical value is enhanced by the fact
that these models require only two widely available biomarkers and a handful of
clinical variables. The implementation of these prognostic models is furtherly
facilitated by our online calculator (see Supplementary Material), providing risk

estimates for each individual patient embedded in routine clinical practice.

We have previously reported on the key roles of NT-proBNP and hs-cTnT in the

prognosis of patients with HFrEF.5 The present work demonstrates that these



biomarkers are similarly important in the prediction of risk of patients with HFpEF.
There is a dearth of risk models for HFpEF patients, particularly contemporary

models that incorporate biomarkers with strong prognostic value.

Elevated levels of NT-proBNP have been associated with poor prognosis in patients
with HFpEF. In the PARAGON-HF and I-Preserve trials, NT-proBNP was a robust
predictor of cardiovascular death and HF hospitalizations.'%® The prognostic value of
cardiac troponins in HFpEF is less well established than that of NT-proBNP, but
some studies support the strong prognostic value of cardiac troponins in patients
with HFpEF.""-'3 Combining NT-proBNP and hs-cTnT adds complementary and

independent prognostic information.

Other highly significant predictors of the primary outcome were a recent HF
hospitalization, NYHA class Il or IV, history of COPD, insulin-treated diabetes, low
hemoglobin, and a longer HF duration. Patients with HFpEF, a recent HF
hospitalization and worse symptoms have a high risk of subsequent re-
hospitalizations and death.'5 Patients with HFpEF and COPD have a shared
clinical presentation including signs and symptoms (e.g., peripheral edema and
breathlessness) and elevated natriuretic peptides. The presence of both conditions
confers a worse prognosis than either disease alone.®'” Diabetes mellitus is a
frequent comorbidity among HFpEF patients which is associated with a poor
prognosis, particularly when requiring insulin for lowering glycemia which occurs
more often in long-standing diabetes with difficult glycemic control and concomitant
cardiovascular complications.' Low hemoglobin levels and anemia are also frequent
among patients with HFpEF and associated with worse symptoms and a poor
prognosis.’® A longer duration of HFpEF has been associated with a poor prognosis

due to the cumulative organ damage caused by the disease over time.2°



The all-cause and cardiovascular death risk models had some overlap with the
primary outcome model (that also included NT-proBNP and hs-cTnT as the most
important predictors, plus COPD, NYHA Il or IV, and insulin-treated diabetes).
However, three other highly significant independent predictors: lower albumin level,
older age and LVEF <50% were retained in the mortality prediction models instead of
time since last HF hospitalization, HF duration and low hemoglobin. It has been
proposed that low albumin is a useful marker of patient nutritional status, liver and
renal dysfunction, and frailty.?"?? Older age predicts mortality better than it predicts
HF hospitalizations; while the former is an inexorable event with ageing, the latter is
less dependent on age. It is also noteworthy that across the spectrum of HFpEF
patients those with a moderately lower LVEF in the range 41 to 49% do carry a 37%
excess mortality risk compared to those with an LVEF 250%. However, when risk
models were separately produced for patients with LVEF below and above 50%, the

contributions of the other risk factors were broadly similar.

To the best of our knowledge, only four risk models have been developed for
HFpEF: CHARM," MAGGIC,? |-Preserve,® and 3A3B score.* The CHARM and
MAGGIC risk scores did not include BNP or NT-proBNP which are the single most
important biomarkers for prognostic assessment in HF. Still, the levels of BNP were
added to the MAGGIC score a posteriori showing a strong association with
outcomes.? |-Preserve included NT-proBNP, but the models were rather complex
with 12 variables, and they included quality of life scores not routinely performed in
clinical practice.® The 3A3B score was tested in Japanese patients with LVEF 250%
from the CHART-2 registry to predict mortality from any cause and included
natriuretic peptide levels.* Its risk scores did not include cardiac troponins or the

combination of natriuretic peptides with cardiac troponins.



It would have been useful to assess the predictive strength of the CHARM, I-
Preserve and 3A3B risk models in our two patient cohorts, but this is not possible
because some variables are not available. For the MAGGIC risk score we obtained
relatively poor risk discrimination for both the primary endpoint and death in both
EMPEROR-Preserved and PARAGON-HF cohorts (all c-statistics under 0.64),
reflecting that the MAGGIC score was not specifically aimed at preserved-EF heart

failure, and was also developed before key biomarkers were routinely recorded.

The prognostic capacity of our risk models was useful with c-statistics ranging from
0.71 to 0.75 for the prediction of mortality and the composite of HF hospitalizations
or cardiovascular death, respectively. These models may allow clinicians to
accurately predict the event probability in each individual patient in routine clinical
practice (using our online calculator), potentially allowing to incorporate each
patient’s risk to better establish follow-up and care plans with patients and their

families.

We have also presented risk models for predicting HF hospitalizations only, with a
higher c-statistic of 0.79. They have a methodological complication in that all deaths
that happened without a prior HF hospitalization are handled as censorings, so
interpretation of these models (like any model of a non-fatal event accompanied by

the competing risk of death) is somewhat challenging.

The external validation replicating the good prognostic capacity of these models in a
subset of 1251 patients from the PARAGON-HF trial, reinforces the capacity of our

models to be applied to different HFpEF populations.

Importantly, our biomarker-driven risk models are simple to use since they rely on

only a few readily available clinical variables plus NT-proBNP and hs-cTnT which



can be easily obtained in most clinical settings. Our findings support the joint
assessment of NT-proBNP and hs-cTnT in the comprehensive risk assessment of all
heart failure patients, both HFpEF (as reported here) and HFrEF (as previously

reported).®

In addition to the variables included in our models, health status assessed by the
KCCQ overall summary score and albuminuria had highly significant associations
with the studied outcomes; however, we have decided not to incorporate these
variables in our final models because they are not routinely measured in clinics and
their addition only slightly improved the c-statistics of our models, that were largely

driven by NT-proBNP and hs-cTnT.

Despite its prognostic utility, the risk score does not allow to make decisions about
whom to treat with empagliflozin because all patients benefit similarly in terms of
relative risk reduction; still, patients with a higher baseline risk may experience a

greater absolute benefit.

Limitations

Despite the good performance and external validation of our models, both
EMPEROR-Preserved and PARAGON-HF are clinical trials with specific eligibility
criteria, hence one cannot assume that these findings apply to all HFpEF patients.
Specifically, EMPEROR-Preserved excluded 1) patients with de novo HFpEF within
3 months of diagnosis 2) patients with acute descompensated heart failure within the
past week and 3) patients with recent Ml within 3 months, and hence our risk models
are not applicable in any such patients. The latter ensures that an troponin elevation

relates to chronic HFpEF and not any recent ACS event.



Our risk models’ predictive strength are reasonable but there is inevitable room for
improvement. Individual patient risk deat and cardiovascular events can never be
fully captured by biomarkers and clinical variables: faxtors such frailty, socio-

economic status, diet and health care system delivery all play a part.

Conclusions

The combination of NT-proBNP and hs-cTnT with a few readily available clinical
variables provide effective risk discrimination both for morbidity and mortality in
patients with HFpEF. A predictive tool kit is provided in the Supplementary material
to facilitate the ready implementation of our novel risk models in routine clinical

practice.
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Table 1: The EMPEROR-Preserved risk model for the Primary Outcome (HF

hospitalization or cardiovascular death)

Hazard ratio (95% Chi-squared Coefficient
Variables P-value
Cl) statistic (SE)*

Log NT-proBNP [pg/mL] 1.61 (1.49, 1.74) 144.7 0.48 (0.04) <.0001
Log hs-cTnT [ng/L] 1.59 (1.44, 1.75) 90.5 0.46 (0.05) <.0001
Time since most recent
HHF

>6 months 1.00 (reference) <.0001

3-6 months 1.71 (1.36, 2.15) 214 0.54 (0.12)

<3 months 1.95 (1.64, 2.31) 57.8 0.67 (0.09)
NYHA class IlI/IV 1.67 (1.45, 1.92) 49.8 0.51(0.07) <.0001
History of COPD 1.70 (1.45, 1.99) 43.3 0.53 (0.08) <.0001
Use of Insulin in DM
patients

Non-DM 1.00 (reference) <.0001



Hazard ratio (95% Chi-squared Coefficient
Variables P-value
Cl) statistic (SE)*
DM + no insulin 1.14 (0.98, 1.32) 2.8 0.13 (0.08)
DM + insulin 1.61 (1.35, 1.92) 28.9 0.48 (0.09)
Baseline haemoglobin
>=12 [g/dL] 1.00 (reference) <.0001
<12 [g/dL] 1.42 (1.23, 1.64) 22.0 0.35 (0.07)
Time since HF diagnosis
3 months-1 year 1.00 (reference) 0.0002
>=1 year 1.41 (1.20, 1.66) 17.1 0.34 (0.08)
Randomized to
0.75 (0.66, 0.86) 18.6 -0.29 (0.07) <.0001

Empagliflozin

"Coefficient (SE) are the log hazard ratio and its standard error

An estimate of each individual’s 2-year risk can be calculated as follows: 1 -

[0.99932%exp (0.46 x log hs-cTnT + 0.48 x log NT-proBNP + 0.51 x NYHA class +

0.54 x recent HHF1 + 0.67 x recent HHF2 + 0.53 x COPD + 0.48 x DM (insulin) +

0.13 x DM (without insulin) + 0.34 x HF diagnosis + 0.35 x haemoglobin -0.29 x

Empagliflozin)] , where ‘recent HHF1’ and ‘recent HHF2’ are indicator variables for

whether the most recent HHF was within 3—6 months or <3 months, respectively.

NYHA is an indicator variable for whether the patient’'s NYHA class is Ill or IV. COPD

and empagliflozin are indicator variables for whether the patient has COPD or is to

be treated with empagliflozin, respectively. DM (insulin) and DM (without insulin) are



indicator variables for whether patient has diabetes and use of insulin at baseline or
has diabetes without use of insulin. HF diagnosis is indicator variable for whether
time since HF diagnosis is >=1 year. Haemoglobin is an indicator variable for
whether baseline haemoglobin is <12 g/dL. CI, confidence interval; HF, heart failure;
HHF, hospitalization for heart failure; hs-cTnT, high-sensitivity cardiac troponin T;
NT-proBNP, N-terminal pro B-type natriuretic peptide; NYHA, New York Heart

Association; SE, standard error.

C-statistic (95%Cl): 0.748 (0.732,0.764)



Table 2: The EMPEROR-Preserved risk model for all-cause mortality

Chi-squared Coefficient
Variables Hazard ratio P-value
statistic (SE)
(95% CI)
Log hs-cTnT [ng/L] 1.52 (1.38,1.68) 68.6 0.42 (0.05) <.0001
Log NT-proBNP [pg/mL] 1.40 (1.30,1.52) 67.6 0.34 (0.04) <.0001
History of COPD 1.71 (1.45,2.01) 40.8 0.54 (0.08) <.0001
Baseline Albumin (per 0.1
1.07 (1.05, 1.10) 39.3 0.07 (0.01) <.0001
decrease below 4.5) [g/dL]
LVEF <.0001
>=50 % 1.00 (reference)
<50 % 1.37 (1.19, 1.57) 18.8 0.31 (0.07)
Age
<65 years 1.00 (reference) <.0001
65 to <75 years 1.20 (0.97, 1.49) 2.9 0.18 (0.11)
>=75 years 1.57 (1.28, 1.92) 18.6 0.45 (0.10)
NYHA class IlIl/IV 1.39 (1.20,1.62) 18.1 0.33 (0.08) <.0001
Use of Insulin in DM
0.0006
patients
Non-DM 1.00 (reference)
DM + no insulin 1.02 (0.88, 1.20) 0.08 0.02 (0.08)



DM + insulin 1.42 (1.18, 1.71) 13.6 0.35(0.10)

"Coefficient (SE) are the log hazard ratio and its standard error

An estimate of each individual’s 2-year risk can be calculated as follows: 1 -
[0.99859”exp (0.42 x log hs-cTnT + 0.34 x log NT-proBNP + 0.33 x NYHA class +
0.54 x COPD + 0.07 x ((4.5 — Albumin)/0.1) + 0.18 x Age1 + 0.45 x Age2 + 0.31 x
LVEF + 0.35 x DM (insulin) + 0.02 x DM (without insulin)], where ‘Age1’ and ‘Age2’
are indicator variables for whether patient’s age is 65 to <75 or >=75 years old,
respectively. NYHA is an indicator variable for whether the patient’'s NYHA class is llI
or IV. COPD is indicator variables for whether the patient has COPD. LVEF is an
indicator variable for whether patient has LVEF <50%. DM (insulin) and DM (without
insulin) are indicator variables for whether patient has diabetes and use of insulin at
baseline or has diabetes without use of insulin. Cl, confidence interval; HF, heart
failure; HHF, hospitalization for heart failure; hs-cTnT, high-sensitivity cardiac
troponin T; NT-proBNP, N-terminal pro B-type natriuretic peptide; NYHA, New York
Heart Association; SE, standard error.

C-statistic (95%Cl): 0.715 (0.697,0.733)



Figure 1: Observed vs. predicted events by tenths of the risk score distribution
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Legend: Hosmer—Lemeshow goodness-of-fit test P =0.198 for the primary outcome
(A) and P =0.039 for all-cause mortality (B), indicating adequate calibration. ClI,

confidence interval.



Figure 2: Hazard ratios and rate differences for empagliflozin versus placebo for the

primary outcome according to thirds of the risk score distribution

Risk group Empagliflozin Placebo

n with event/N analysed Hazard ratio (95% Cl)
Bottom third 49/1004 62/992 — 0.78 (0.54, 1.13)
Middle third 88/975 128/1021 —— 0.70 (0.53, 0.92)
Top third 278/1018 321/978 —— 0.79 (0.68, 0.93)
P value for trend: 0.679 r T 1

0.25 0.5 1 2
Hazard ratio (35% Cl)

Risk group Empagliflozin Placebo Difference in rate per 100
n with event/N analysed patient-years (95% CI)
Bottom third 49/1004 62/992 — -0.64 (-1.61, 0.32)
Middle third 88/975 128/1021 —— -1.86 (-3.27, -0.46)
Top third 278/1018 321/978 —_—— -3.93 (-6.66, -1.21)

P value for trend: 0.026 r T T T 1
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Difference in rate per 100 patient-years (95% CI)



Figure 3: Incidence rates of (A) the primary outcome and (B) all-cause death for

patients simultaneously grouped in thirds of NT-proBNP and hs-cTnT

A

Incidence per 100 patient-years

Primary outcome

20
18
16
14
12

o N B O @

22

Bottom

4.0
Middle

Thirds of hs-cTnT

Incidence per 100 patient-years

All-cause mortality

16
14
12
10

(=T . - -]

23

Bottom

Middle

Thirds of hs-cTnT

Top

Top

Q
Middle \§
Bottom &R
&

&

2)
&



Figure 4. Observed vs. predicted events by fifths of the risk score distribution in

PARAGON-HF, along with metrics for discrimination and calibration

A. Primary outcome: cardiovascular death or heart failure hospitalization
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B. All-cause death
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Central lllustration

Prediction of cardiovascular death or HF
hospitalization with 8 variables:
. NT-proBNP

Patients in the top tenth of risk had event rates >10x
higher than those in the bottom tenth
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