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Abstract

Introduction: After myocardial infarction complicated by heart failure, eplerenone (compared to placebo)
significantly decreases amino-terminal propeptide of type 111 procollagen (PI1INP). Determining the
subset of patients who are more prone to have a decrease in PIIINP and those who may respond better to
the anti-fibrotic effects of mineralocorticoid receptor antagonists (MRA) therapy may be relevant for a
personalized treatment approach. The aim of this study was to identify predictors of a PIIINP decrease and
assess potential subgroups of "responders™ to eplerenone.

Methods: Clinical factors and biomarkers were evaluated as predictors of a PIIINP decrease from
randomization to month 9 in 323 patients from the biomarker substudy of Eplerenone Post-Acute
Myocardial Infarction Heart Failure Efficacy and Survival Study (EPHESUS). Additionally, the
association between PIIINP decrease and the composite of cardiovascular (CV) death or CV
hospitalization were also explored. External validation was performed in the REMINDER trial.

Results: Female sex, eplerenone, reperfusion therapy, potassium<4 mmol/L, circulating levels of
PIIINP>3.6 ng/mL and PINP>27 ng/mL predicted a PIIINP decrease (AUC=0.75). Randomization PIIINP
showed a significant interaction with the treatment allocation: patients with PIIINP>3.6 ng/mL had a
better response (decrease in PIIINP) to eplerenone (OR for PIIINP>3.6=2.9, 95%CI=1.46-5.89, p=0.003)
and OR for PIIINP<3.6=1.09, 95%CI=0.55-2.2, p=0.8; interaction,=0.026). These findings were internally
robust using another statistical approach (LOESS). External validation showed good discrimination
(AUC=0.70). There was a tendency towards a lower rate of CV death/CV hospitalizations in patients with
decreased PIHINP (adjusted HR=0.52, 95%CI=0.26-1.02, p=0.058).

Conclusion: In patients who had a myocardial infarction, clinical factors used in combination and
treatment with eplerenone were associated with a PIIINP decrease. Interestingly, higher randomization
PHINP levels might help in identifying patients more prone to have an “anti-fibrotic response” when
treated with MRAs.

Key-words: collagen; myocardial infarction; eplerenone.



Introduction

After acute myocardial infarction (MI) complicated by heart failure (HF), eplerenone therapy has been
shown to improve morbidity and mortality outcomes™ 2. These beneficial effects of eplerenone (and other
mineralocorticoid receptor antagonists) were independent from their diuretic and potassium-sparing
effects®. In addition, eplerenone reduces the levels of circulating biomarkers associated with collagen
synthesis in patients who had a MI*®; including the blood levels of amino-terminal propetide of type 111
procollagen (PIIINP) that have correlated with “in-situ” myocardial fibrosis” . Nonetheless, the subset of
patients that may have a more pronounced “anti-fibrotic” response is yet to be determined. Identifying the
patients that may respond better to the “anti-fibrotic” effects of eplerenone may be relevant for a
personalized treatment approach, as an early treatment with a mineralocorticoid receptor antagonist
(MRA) may limit the excessive collagen deposition in the myocardium and consequently reduce the
“adverse remodeling” after a MI. Studying biomarkers correlated with myocardial fibrosis may help in
selecting patients more prone to an effective “anti-fibrotic” response.

The aims of this study were to identify predictors of a decrease in PIIINP and assess potential
subgroups of “anti-fibrotic responders” to eplerenone in Ml patients. A subset of patients in whom
circulating biomarkers, including PI1INP, were determined at randomization and during follow-up®°, were
used for the present analyses, that incorporated two randomized controlled trials: the Eplerenone Post-
Acute Myocardial Infarction Heart Failure Efficacy and Survival Study (EPHESUS, NCT01319344)?,
used for derivation, and the Impact Of Eplerenone On Cardiovascular Outcomes In Patients Post

Myocardial Infarction (REMINDER, NCT01176968), used for replication®.

Methods

Study design and patient population

The EPHESUS trial included 6642 patients, enrolled 3-14 days after MI who had a left ventricular ejection
fraction (LVEF) <40%, HF or both" %, In EPHESUS, HF was defined as at least one of the following:
pulmonary rales, pulmonary congestion on chest radiography, or a third heart sound. Patients were
randomly assigned to eplerenone (up to 50 mg/day) or placebo. Addition of eplerenone to optimal medical
therapy was demonstrated to reduce all-cause mortality and the composite endpoint of cardiovascular
(CV) death or CV hospitalizations® 2. In the biomarker substudy of EPHESUS, circulating plasmatic
biomarker determinations were performed in 476 patients at randomization (i.e. 3 to 14 days after Ml
diagnosis), and months 1, 3, 6 and 9. The selected biomarkers PIIINP, amino-terminal propeptide of type |
procollagen (PINP), type I collagen telopeptide (ICTP) and tissue inhibitor of matrix metalloproteinase 1
(TIMP-1) were measured. Commercial radioimmunoassays were used to measure PIIINP, PINP, and
ICTP (Orion Diagnostica, Espoo, Finland). TIMP-1 was measured with ELISA kits (Amersham



Biosciences, Orsay, France). Further details on blood sampling and biomarker assays have previously
been reported”. This substudy demonstrated that PIIINP levels significantly dropped in patients treated
with eplerenone (compared with placebo)”, an effect that remained significant after 9 months of treatment.
For the present “derivation” study, aimed to determine which patients in whom a sustained “anti-fibrotic”
response could be observed, we included those with available PIIINP measurements both at randomization
and month 9 (N=323).

External validation was performed in 526 patients included in the biomarker substudy of the
REMINDER trial®, that included patients with an acute STEMI in the absence of a clinical diagnosis of
HF. In REMINDER patients were randomized to eplerenone (25-50 mg/day) or placebo. The primary
outcome was time-to-first of cardiovascular death, re-hospitalization or extended initial hospital stay due
to HF or sustained ventricular tachycardia or ventricular fibrillation, as well as LVEF<40% or elevated
natriuretic peptides after 1-month. Eplerenone treatment was associated with a lower risk for the primary
endpoint compared to placebo, an effect that was driven (>90%) by a drop in natriuretic peptides. In
REMINDER, blood samples (plasma) were drawn at baseline (i.e. <24 hours after STEMI diagnosis) and
after 6 months.

The study protocols of EPHESUS and REMINDER were approved by the institutional review
board or ethics committee at each site, and all patients provided written informed consent to participate in

the respective studies.

Definition of PIIINP decrease
A decrease in PHINP during follow-up was defined as an absolute PIIINP reduction between

randomization and month 9 (adjusting for randomization PIIINP levels).

Statistical analyses

Continuous variables are expressed as mean £ SD and categorical variables as frequencies and
proportions. For comparison of means and proportions, the Student’s t-test and the chi-square test were
used, respectively.

To identify predictors of a decrease in PIIINP, a clinical model was constructed using backward
logistic regression, as follows: 1) log-linearity of continuous variables was assessed visually by inspecting
the shape of the distribution of the beta-estimates vs. the median by quintiles with regard to the outcome
of interest (i.e. PIIINP decrease). If deemed appropriate based on log-linearity, continuous clinical and
biomarker variables were dichotomized (except for the LOESS procedure); 2) relevant clinical parameters
on demographics, medical history, baseline physical examination, laboratory tests and HF medication

were assessed in univariate analyses and those with p<0.1 were considered for the multivariate model. To



test whether renal function influenced the model, estimated glomerular filtration rate (eGFR) at admission
and change in eGFR from randomization to 6 months (eGFR was not available at month 9) were “forced
into the model”; 3) a multivariable backward selection procedure was then performed (a forward
procedure was also performed providing the same results). On top of this clinical model, biomarkers were
added one-by-one to determine which independently predicted a decrease in PIIINP. A total of 17
biomarkers were considered (Supplemental table 1). Correlations between the biomarkers (and PIIINP
decrease) were also studied. The diagnostic ability of the models was verified using receiving operating
characteristics (ROC) curves. Furthermore, a prespecified interaction between randomization PIIINP and
eplerenone treatment was assessed based on previous studies® *°.

The internal robustness of the model was performed using a LOESS procedure which is a
nonparametric technique that uses local weighted regression to fit a smooth curve through points in a
scatter plot. Eplerenone and placebo treated patients were ordered by ascending log randomization PIIINP
(x-axis) and plotted against the log change in PIIINP from randomization to month 9 (y-axis). This was
followed by application of the Kolmogorov—-Smirnov test for non-parametric distributions to detect the
randomization PHINP level where the difference in log PIIINP decrease between eplerenone and placebo
became significant (two-tailed test, a=0.05). Next, patients in the eplerenone group with randomization
PIIINP concentrations equal/above and below this level were defined as responders and non-responders,
respectively. Due to a smaller sample size, a forward as opposed to a backward logistic regression
procedure was performed to assess whether the predictors of eplerenone response were similar to the
predictors for a decrease in PIIINP performed in the primary analysis.

External validation of the prediction model for a decrease in PIIINP was performed in the
REMINDER study. The diagnostic ability of the prediction model for a decrease in PIIINP was verified
using a ROC curve.

To explore associations between a decrease in PIIINP and the primary endpoints of EPHESUS
(all-cause mortality and CV death/CV hospitalizations) Kaplan—-Meier estimates and Cox proportional
hazards models were used. In the multivariable model, adjustments were made for the variables that were
identified as predictors of a PIIINP decrease during follow-up (eplerenone treatment, reperfusion therapy,
gender and randomization potassium levels).

Statistical analyses were performed using SPSS 24 (IBM inc., Armonk, NY) and R (The R
Foundation for Statistical Computing, Vienna, Austria). A P<0.05 was considered significant except for
the analyses involving interactions (P<0.025). No multiple imputation was performed. Given that the
present investigation was “hypothesis generating” and not a “discovery” study, we did not correct for

potential false discoveries.



Results

Baseline characteristics

The characteristics of the patients with a decrease in PIIINP versus those with a stable or increased PIIINP
during follow-up is depicted in the Table 1. Patients with a decrease in PIIINP were more often female,
received eplerenone treatment more frequently, and also had a Q-wave Ml and received reperfusion
therapy more often. Patients with a decrease in PIIINP had higher circulating levels of randomization
PHINP, PINP, TIMP-1, interleukin-6 (IL-6) and CRP compared to patients with a stable/increased PI1IINP
(Supplemental table 1).

Predictors of PIIINP decrease

Crude and adjusted odds ratio of the predictors for PIIINP decrease are depicted in the Table 2.
Eplerenone treatment, reperfusion therapy, randomization potassium<4 mmol/L, and female sex were
independent predictors of PIIINP decrease in a model that included only the clinical variables
(AUC=0.65). Estimated glomerular filtration rate was not a significant PIIINP drop predictor, and forcing
randomization eGFR into the model yielded similar results to the model without eGFR (data not shown).
The clinical model strongly improved after the addition of PIIINP>3.6 ng/mL and PINP>27 ng/mL
(AUC=0.75).

Randomization PIIINP showed a significant interaction with the treatment allocation, whereby
patients with PIIINP>3.6 ng/mL showed a better response (defined as a PIIINP decrease) to eplerenone
(OR for PITIINP>3.6 ng/mL =2.9, 95%CI 1.46-5.89, p=0.003) and OR for PIIINP<3.6 ng/mL=1.09, 95%
Cl1 0.55-2.2,p=0.81, interaction, =0.026). The interplay between randomization PIIINP and eplerenone
with regard to a decrease in PIIINP is shown in Figure 1. Both randomization PIIINP and a decrease in
PIIINP were only weakly correlated (r=0.38) and no correlations above 0.5 between the studied
biomarkers were observed (Supplemental figure 1). The time point of randomization after the index Ml
was associated with baseline PIIINP levels: patients randomized early after the index MI had lower
baseline PIIINP levels compared to patients randomized at a later time point (PHIINP 3.99, 4.27 and 4.51
ng/mL for patients randomized at days 3-7, 8-10 and 10-14 after the index MI (p=0.023, one-way
ANOVA, between groups)).

Internal and external validation of the prediction model

In the primary analysis, predictors for a decrease in PIIINP were studied in patients with PIIINP
measurements both at randomization and month 9, irrespective of treatment allocation. Using a LOESS
procedure, patients who experienced a significant decrease in PIIINP with eplerenone (compared to

placebo) were identified by plotting the randomization PIHINP levels against the decrease in PIIINP during



follow-up, a significantly greater decrease in PIIINP was observed in eplerenone-treated patients, but only
when randomization PHHINP was >3.2 ng/L (Figure 3). Eplerenone-treated patients with randomization
PIINP >3.2 ng/mL were therefore further defined as “responders” and those with PIIINP<3.2 ng/mL as
“non-responders”. Baseline characteristics of responders and non-responders are depicted in Supplemental
table 3. Responders to eplerenone were more often female, received reperfusion therapy, and more often
had a randomization PINP >27 ng/mL and a PIIINP >3.6 ng/mL (i.e. the same characteristics that
predicted a PIIINP decrease in the model including the complete study population; Table 3). Again,
addition of PIIINP and PINP improved the clinical model (AUC=0.65 for the clinical model to AUC=0.80
for the model incorporating clinical variables and biomarkers).

External validation of the prediction model was performed in the REMINDER dataset with good
discriminative ability (AUC=0.70; Supplemental table 4).

We used the 9-month measurement in EPHESUS to be consistent with the ongoing HOMAGE
trial (NCT02556450). In REMINDER only 6-month PIIINP was available. However, in EPHESUS at
month 6, eplerenone also reduced the PIIINP levels: ANCOVA regression with change in PIHIINP from
baseline to month 6 as outcome variable and eplerenone as independent variable (adjusting for the
baseline PIIINP levels) gives a  (95%Cl) =-0.47 (-0.81 to -0.13), p=0.007.

PHINP decrease and outcome

There was a tendency towards a lower rate for the endpoint of CV death/CV hospitalizations in patients
with a decrease in PIIINP compared to those with a stable/increase in PIHHINP (respectively N=16 (9%) vs.
N=21 (15%); adjusted HR =0.52, 95% CI 0.26-1.02, p=0.058, Figure 2A). There was no significant
difference for all-cause death (respectively N=2 (1%) vs. N=5 (4%); adjusted HR =0.27, 95% CI 0.05-
1.47, p=0.13, Figure 2B).

Discussion

To the best of our knowledge, the present study is the first to identify a subset of patients who had an Ml,
that may respond better to the “anti-fibrotic” effects of eplerenone. The main findings of this study are: 1)
a decrease in PIIINP from randomization to month 9 may be predicted by a model that includes
eplerenone treatment, reperfusion therapy, randomization potassium <4 mmol/L, female sex,
randomization PIIINP >3.6 ng/mL and PINP >27 ng/mL, suggesting that a decrease in the collagen
content may be predicted using clinical and biomarker variables; 2) a significant interaction was observed
between randomization PIIINP levels and treatment allocation, whereby patients with a randomization

PIIINP >3.6 ng/mL more often experienced a decrease in PIIINP with eplerenone treatment, suggesting



that a subset of potential “anti-fibrotic responders” to eplerenone may be better identified with the use of
randomization PIINP levels.

Dysregulation of the extracellular cardiac matrix plays an important role in progressive adverse
cardiac remodeling with fibrosis™. In particular, increased accumulation of collagen in the cardiac
interstitium by altered metabolism of collagen fibers types I and 111 (both involved in collagen synthesis)
is the hallmark of myocardial fibrosis'2. Many circulating biomarkers have been proposed as non-invasive
markers of myocardial fibrosis, although only two have been associated with histologically-proven
fibrosis: PIIINP which is formed during the conversion of procollagen type 111 to collagen type 11, and C-
terminal propeptide of procollagen type | (PICP) which is formed during the conversion of procollagen
type I into collagen type I°. Both biomarkers may therefore reflect collagen synthesis. However, these
biomarkers are not cardiac-specific and may be affected by renal function, bone metabolism, and hepatic
function, for example®®; suggesting that the eventual modification of these biomarkers by the use of
certain drugs, such as MRAs, may not reflect the change in the cardiac collagen content but the change in
collagen in other organs.

Previous reports showed that MRA treatment was associated with a decrease in collagen
biomarkers, PIIINP in particular® 10.14 ‘Hence, a decrease in PIIINP was used as a surrogate of anti-fibrotic
response in the present study. Multivariate analyses identified eplerenone treatment, reperfusion therapy,
randomization potassium <4 mmol/L, female sex, and randomization PINP >27 ng/mL and PIIINP >3.6
ng/mL as independent predictors of a decrease in PIIINP.

Iragi et al., using the EPHESUS data, previously demonstrated a significant decrease in PIIINP in
patients treated with eplerenone®. In the REMINDER trial, eplerenone was also associated with a decrease
in PIINP, but only when randomization PIIINP levels were >3.9 ng/mL°. In anterior STEMI, intravenous
potassium canrenoate (the active metabolite of spironolactone) also decreased circulating PIHINP.
Moreover, a decrease in PIIINP was also observed with spironolactone in severe HFrEF*®. MRA treatment
reduced the amount of fibrosis (as assessed by endomyocardial biopsy) and was associated with a decrease
in PIINP in patients with dilated cardiomyopathy™.

In the present study, patients who received reperfusion therapy were more likely to experience a
decrease in PIIINP. Small observational studies have previously suggested that PIIINP decreases after
thrombolysis and successful percutaneous coronary interventions for acute MI'" %, A decrease in PIIINP
observed after reperfusion may reflect a lesser degree of adverse remodeling.

Randomization potassium <4 mmol/L was an independent predictor of a decrease in PIIINP. A
recent post-hoc analysis of the Eplerenone in Mild Patients Hospitalization and Survival Study in HF
(EMPHASIS-HF) demonstrated that a potassium <4 mmol/L amplified the eplerenone treatment effect

(compared with placebo)™. With an overactivation of the renin angiotensin aldosterone system (associated



or not with an insufficient blockade), one could hypothesize that the beneficial effects of MRA treatment
may be more pronounced.

In the present study, female sex predicted a decrease in PIIINP. In a study involving chronic
systolic HF, female sex was an independent predictor of beneficial reverse remodeling (defined as >15%
reduction in LV end-systolic volume index)®. A protective effect of estrogens in women and/or a
detrimental effect of androgens in men was suggested although sex differences in therapy response and
adherence were also likely. Further studies on sex differences in expression of mineralocorticoid system
and in MRA treatment response are needed in this setting.

In the present study, PINP >27 ng/mL independently predicted a decrease in PIIINP. PINP is
considered to be reflective of type I collagen synthesis and has been shown to decrease after MRA
treatment® °. However, a correlation between plasma PINP and myocardial fibrosis on endomyocardial
biopsy was not been observed so far®’. Hence, given the currently available evidence, PINP lacks
validation as a circulating biomarker of myocardial fibrosis® %.

An important finding was an interaction between randomization PIIINP and treatment allocation
where patients with randomization PIIINP>3.6 ng/mL more often had a decrease in PIIINP with
eplerenone. A decrease in PIIINP after MRA treatment was also observed in other cohorts (as above
discussed).

The use of another statistical approach (LOESS) led to similar identification of anti-fibrotic
responders to eplerenone (as defined by a significant decrease in PIIINP in the eplerenone compared to the
placebo group). A similar randomization PIIINP cut-off level of >3.2 ng/mL (compared to >3.6 ng/mL in
the primary analysis) also identified eplerenone-treated patients with a significant decrease in PIIINP
compared to the placebo group. We suggest that these eplerenone-treated patients with higher
randomization PIIINP may have more collagen content, and consequently may have more substrate for
eplerenone to act on. In the group of eplerenone-treated patients, similar predictors of PIIINP decrease
were also identified (similar to that observed in the primary analysis), thus reinforcing the internal
robustness of our findings.

Importantly, external validation of the prediction model for a decrease in PIIINP in REMINDER
also yielded good calibration of the model, despite the patients enrolled in the REMINDER trial did not
present with HF; suggesting that an anti-fibrotic response with eplerenone may be observed even in the
absence of HF.

Higher PIHINP levels have been associated with histologically-proven myocardial fibrosis and
adverse outcome in acute Ml patients” ® %, However, no studies to date had examined the prognostic
value of PIIINP changes, with this study being the first to demonstrate a putative tendency towards

improved outcomes in MI patients with a PIIINP decrease. However, event rates in this substudy were low



precluding any definitive conclusions regarding PIIINP changes and outcome associations. Larger studies

need to further assess the prognostic value of changes in PIIINP and outcome in Ml patients.

Implications for clinicians and future research

Current ACC/AHA and ESC guidelines recommend MRA treatment (in addition to treatment with an
ACE-inhibitor and a beta-blocker) in all symptomatic HFrEF patients and after a MI with an LVEF<40%
or diabetes®*°. This recommendation is based on trials showing a beneficial effect of MRA on top of

standard treatment. However, it is likely that not all patients benefit equally™

. In a prespecified analysis
of the RALES trial, the beneficial treatment effect of spironolactone was confined only to patients with
baseline PIIINP levels above the median®™. In this study, we demonstrate that MI patients with higher
randomization PIINP and who received eplerenone were more likely to show a PIIINP decrease. In the
current era of personalized treatment, it would be interesting to prospectively determine whether PIIINP
levels could help determine which patients respond better to MRASs. A prospective study with an adaptive
design and/or stratification based on randomization PIIINP could be valuable in ascertaining whether
randomization PIIINP levels identify “responders” to eplerenone. A cut-off level between 3.2 (as
observed with LOESS) and 3.6 ng/mL (as observed in the primary analysis) would appear appropriate
when considering a randomization PIHINP cut-off level for such future studies in Ml patients. The ongoing
HOMAGE trial (NCT02556450) might determine whether the MRA spironolactone may reduce the
markers of collagen synthesis and also improve clinical and echocardiographic parameters in patients at

risk for developing HF.

Limitations

Several limitations should be acknowledged in the present study. First, the substudy population differed
from the main EPHESUS cohort with respect to baseline characteristics, the timing of treatment initiation
and outcomes®. Extrapolation of the results of this study to the complete EPHESUS patient population
should therefore be made with caution. Second, the sample size was relatively small and £30% of patients
had missing PI1INP levels at month 9. However, findings were robust in both internal and external
validation analyses. Third, the event rates were low, precluding any definitive conclusions regarding
PIIINP changes and outcome associations. Larger studies need to assess the prognostic value of PIIINP
changes and outcome in Ml patients. Fourth, carboxy-terminal propeptide of procollagen type I (PICP)
was not measured in EPHESUS. After a MI, there a significant rise in PICP levels may occure?®, and
further studies could assess the PICP changes in Ml patients treated with aldosterone antagonists. For
example, a simultaneous decrease in myocardial collagen content and of plasma PICP was observed after

spironolactone treatment in dilated cardiomyopathy patients'®. Fifth, PIIINP was correlated with
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interstitial fibrosis in explanted hearts’, but further replication (including with myocardial fibrosis
determined by MRI) is required. Sixth, a detailed cardiac function characterization (e.g. chamber volumes,
diastolic function parameters) was not available in these datasets; in consequence we cannot ascertain
whether the PIIINP levels correlate (or not) with the cardiac structure and function. Lastly, the timing of
measurement may influence the levels of PIIINP. In EPHESUS the samples were drawn at the time of
randomization (i.e. from 3 to 14 days after the MI), whereas in REMINDER the samples were drawn at
baseline (i.e. within the first 24h after the MI). The increase in PIIINP levels in the days after the index
M, as observed in EPHESUS, suggests a slow release of PIIINP into the circulation. Observing a
consistent eplerenone effect in both cohorts suggests that PIIINP may be decreased by this drug regardless
of the timing of measurement. For avoiding additional “adverse remodeling” and excessive scar formation

after a M, the sooner eplerenone is initiated the better?,

Conclusion

In patients who had a myocardial infarction, eplerenone treatment, reperfusion therapy, potassium<4
mmol/L, female sex, PINP >27 ng/mL and PIINP >3.6 ng/mL predicted a PIIINP decrease from
randomization to 9 months. Eplerenone-treated patients with higher randomization PIIINP might have
experienced a more pronounced decrease in PIIINP levels. Determination of randomization PIIINP levels

may help in identifying a subset of “anti-fibrotic responders” to eplerenone.
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Figure legends

Graphical abstract ~ Predictors of an antifibrotic response after Ml complicated by HF.

Figure 1

Figure 2

Figure 3

Legend: several clinical factors and biomarkers predicted a PIIINP decrease after
a MI complicated by HF. There was a significant interaction between baseline
PIIINP levels and eplerenone treatment: patients with baseline PIIINP > 3.6
mmol/L treated with eplerenone had the best response (PIIINP decrease).

Interplay between randomization PIIINP and eplerenone relative to the observed decrease
in PININP
Legend: PIIINP, amino-terminal propeptide of type Ill procollagen

Kaplan Meier curves for cardiovascular (CV) death or CV hospitalizations (A) and all-

cause death (B) according to change in PIIINP

Locally weighted scatterplot smoothing (LOESS) procedure to identify patients with a
treatment response to eplerenone

Legend: This figure depicts randomization log PIINP levels (x-axis) and log of the
change in PIIINP from randomization to month 9 (y-axis). Each dot represents a patient in
the eplerenone (red) and placebo (blue) group. Patients treated with eplerenone and
placebo were ordered based on their randomization log PIIINP levels. The red
(eplerenone) and blue (placebo) lines depict the mean log change in PIIINP during follow-
up. A significant difference in mean log change is observed in patients with a
randomization log PIIINP level >0.505 which is 3.20 ng/mL.

12



References

1. Pitt B, Williams G, Remme W, Martinez F, Lopez-Sendon J, Zannad F, Neaton J, Roniker B, Hurley
S, Burns D, Bittman R and Kleiman J. The EPHESUS trial: eplerenone in patients with heart failure due to
systolic dysfunction complicating acute myocardial infarction. Eplerenone Post-AMI Heart Failure Efficacy
and Survival Study. Cardiovasc Drugs Ther. 2001;15:79-87.

2. Pitt B, Remme W, Zannad F, Neaton J, Martinez F, Roniker B, Bittman R, Hurley S, Kleiman J,
Gatlin M, Eplerenone Post-Acute Myocardial Infarction Heart Failure E and Survival Study I. Eplerenone, a
selective aldosterone blocker, in patients with left ventricular dysfunction after myocardial infarction. N
Engl J Med. 2003;348:1309-21.

3. Rossignol P, Menard J, Fay R, Gustafsson F, Pitt B and Zannad F. Eplerenone survival benefits in
heart failure patients post-myocardial infarction are independent from its diuretic and potassium-sparing
effects. Insights from an EPHESUS (Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy
and Survival Study) substudy. Journal of the American College of Cardiology. 2011;58:1958-66.

4, Iragi W, Rossignol P, Angioi M, Fay R, Nuee J, Ketelslegers JM, Vincent J, Pitt B and Zannad F.
Extracellular cardiac matrix biomarkers in patients with acute myocardial infarction complicated by left
ventricular dysfunction and heart failure: insights from the Eplerenone Post-Acute Myocardial Infarction
Heart Failure Efficacy and Survival Study (EPHESUS) study. Circulation. 2009;119:2471-9.

5. Ferreira JP, Duarte K, Montalescot G, Pitt B, de Sa EL, Hamm CW, Flather M, Verheugt F, Shi H,
Turgonyi E, Orri M, Rossignol P, Vincent J and Zannad F. Effect of eplerenone on extracellular cardiac
matrix biomarkers in patients with acute ST-elevation myocardial infarction without heart failure:
insights from the randomized double-blind REMINDER Study. Clin Res Cardiol. 2018;107:49-59.

6. Ferreira JP, Barros A, Pitt B, Montalescot G, de Sa EL, Hamm CW, Flather M, Verheugt F, Shi H,
Leite-Moreira A, Vincent J, Rossignol P and Zannad F. Collagen biomarker bioprofiles predicting the
antifibrotic response to eplerenone in myocardial infarction: findings from the REMINDER trial Clin Res
Cardiol Germany; 2018(107): 1192-1195.

7. Klappacher G, Franzen P, Haab D, Mehrabi M, Binder M, Plesch K, Pacher R, Grimm M, Pribill I,
Eichler HG and et al. Measuring extracellular matrix turnover in the serum of patients with idiopathic or
ischemic dilated cardiomyopathy and impact on diagnosis and prognosis. Am J Cardiol. 1995;75:913-8.

8. Lopez B, Gonzalez A, Ravassa S, Beaumont J, Moreno MU, San Jose G, Querejeta R and Diez J.
Circulating Biomarkers of Myocardial Fibrosis: The Need for a Reappraisal. Journal of the American
College of Cardiology. 2015;65:2449-56.

9. Montalescot G, Pitt B, Lopez de Sa E, Homm CW, Flather M, Verheugt F, Shi H, Turgonyi E, Orri M,
Vincent J, Zannad F, Investigators R and Investigators R. Early eplerenone treatment in patients with
acute ST-elevation myocardial infarction without heart failure: the Randomized Double-Blind Reminder
Study. Eur Heart J. 2014;35:2295-302.

10. Zannad F, Alla F, Dousset B, Perez A and Pitt B. Limitation of excessive extracellular matrix
turnover may contribute to survival benefit of spironolactone therapy in patients with congestive heart
failure: insights from the randomized aldactone evaluation study (RALES). Rales Investigators.
Circulation. 2000;102:2700-6.

11. Souders CA, Bowers SL and Baudino TA. Cardiac fibroblast: the renaissance cell. Circulation
research. 2009;105:1164-76.

12. Kong P, Christia P and Frangogiannis NG. The pathogenesis of cardiac fibrosis. Cellular and
molecular life sciences : CMLS. 2014;71:549-74.

13. Nagao K, Inada T, Tamura A, Kajitani K, Shimamura K, Yukawa H, Aida K, Sowa N, Nishiga M,
Horie T, Makita T, Ono K and Tanaka M. Circulating markers of collagen types I, lll, and IV in patients with
dilated cardiomyopathy: relationships with myocardial collagen expression. ESC Heart Fail. 2018;5:1044-
1051.

13



14. Ferreira JP, Rossignol P, Pizard A, Machu JL, Collier T, Girerd N, Huby AC, Gonzalez A, Diez J,
Lopez B, Sattar N, Cleland JG, Sever PS and Zannad F. Potential spironolactone effects on collagen
metabolism biomarkers in patients with uncontrolled blood pressure. Heart (British Cardiac Society).
2018.

15. Hayashi M, Tsutamoto T, Wada A, Tsutsui T, Ishii C, Ohno K, Fujii M, Taniguchi A, Hamatani T,
Nozato Y, Kataoka K, Morigami N, Ohnishi M, Kinoshita M and Horie M. Immediate administration of
mineralocorticoid receptor antagonist spironolactone prevents post-infarct left ventricular remodeling
associated with suppression of a marker of myocardial collagen synthesis in patients with first anterior
acute myocardial infarction. Circulation. 2003;107:2559-65.

16. Izawa H, Murohara T, Nagata K, Isobe S, Asano H, Amano T, Ichihara S, Kato T, Ohshima S,
Murase Y, lino S, Obata K, Noda A, Okumura K and Yokota M. Mineralocorticoid receptor antagonism
ameliorates left ventricular diastolic dysfunction and myocardial fibrosis in mildly symptomatic patients
with idiopathic dilated cardiomyopathy: a pilot study. Circulation. 2005;112:2940-5.

17. Radovan J, Vaclav P, Petr W, Jan C, Michal A, Richard P and Martina P. Changes of collagen
metabolism predict the left ventricular remodeling after myocardial infarction. Molecular and cellular
biochemistry. 2006;293:71-8.

18. Host NB, Hansen SS, Jensen LT, Husum D and Nielsen JD. Thrombolytic therapy of acute
myocardial infarction alters collagen metabolism. Cardiology. 1994;85:323-33.

19. Rossignol P, Girerd N, Bakris G, Vardeny O, Claggett B, McMurray JJV, Swedberg K, Krum H, van
Veldhuisen DJ, Shi H, Spanyers S, Vincent J, Fay R, Lamiral Z, Solomon SD, Zannad F and Pitt B. Impact of
eplerenone on cardiovascular outcomes in heart failure patients with hypokalaemia. European journal of
heart failure. 2017;19:792-799.

20. Aimo A, Vergaro G, Castiglione V, Barison A, Pasanisi E, Petersen C, Chubuchny V, Giannoni A,
Poletti R, Maffei S, Januzzi JL, Jr., Passino C and Emdin M. Effect of Sex on Reverse Remodeling in Chronic
Systolic Heart Failure. JACC Heart failure. 2017;5:735-742.

21. Rubis P, Wisniowska-Smialek S, Wypasek E, Biernacka-Fijalkowska B, Rudnicka-Sosin L,
Dziewiecka E, Faltyn P, Khachatryan L, Karabinowska A, Kozanecki A, Tomkiewicz-Pajak L and Podolec P.
Fibrosis of extracellular matrix is related to the duration of the disease but is unrelated to the dynamics
of collagen metabolism in dilated cardiomyopathy. Inflammation research : official journal of the
European Histamine Research Society [et al]. 2016;65:941-949.

22. Gyongyosi M, Winkler J, Ramos |, Do QT, Firat H, McDonald K, Gonzalez A, Thum T, Diez J, Jaisser
F, Pizard A and Zannad F. Myocardial fibrosis: biomedical research from bench to bedside. European
journal of heart failure. 2017;19:177-191.

23. Host NB, Jensen LT, Bendixen PM, Jensen SE, Koldkjaer OG and Simonsen EE. The aminoterminal
propeptide of type Il procollagen provides new information on prognosis after acute myocardial
infarction. The American journal of cardiology. 1995;76:869-73.

24, Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, Falk V, Gonzalez-Juanatey JR,
Harjola VP, Jankowska EA, Jessup M, Linde C, Nihoyannopoulos P, Parissis JT, Pieske B, Riley JP, Rosano
GMC, Ruilope LM, Ruschitzka F, Rutten FH, van der Meer P and Group ESCSD. 2016 ESC Guidelines for
the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and
treatment of acute and chronic heart failure of the European Society of Cardiology (ESC)Developed with
the special contribution of the Heart Failure Association (HFA) of the ESC. Eur Heart J. 2016;37:2129-
2200.

25. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Jr., Colvin MM, Drazner MH, Filippatos GS,
Fonarow GC, Givertz MM, Hollenberg SM, Lindenfeld J, Masoudi FA, McBride PE, Peterson PN, Stevenson
LW and Westlake C. 2017 ACC/AHA/HFSA Focused Update of the 2013 ACCF/AHA Guideline for the
Management of Heart Failure: A Report of the American College of Cardiology/American Heart

14



Association Task Force on Clinical Practice Guidelines and the Heart Failure Society of America.
Circulation. 2017;136:e137-e161.

26. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, Caforio ALP, Crea F,
Goudevenos JA, Halvorsen S, Hindricks G, Kastrati A, Lenzen MJ, Prescott E, Roffi M, Valgimigli M,
Varenhorst C, Vranckx P and Widimsky P. 2017 ESC Guidelines for the management of acute myocardial
infarction in patients presenting with ST-segment elevation: The Task Force for the management of acute
myocardial infarction in patients presenting with ST-segment elevation of the European Society of
Cardiology (ESC). Eur Heart J. 2018;39:119-177.

27. Olivier A, Pitt B, Girerd N, Lamiral Z, Machu JL, McMurray JJV, Swedberg K, van Veldhuisen DJ,
Collier TJ, Pocock SJ, Rossignol P, Zannad F and Pizard A. Effect of eplerenone in patients with heart
failure and reduced ejection fraction: potential effect modification by abdominal obesity. Insight from
the EMPHASIS-HF trial. European journal of heart failure. 2017;19:1186-1197.

28. McGavigan AD, Moncrieff J, Lindsay MM, Maxwell PR and Dunn FG. Time course of plasma
markers of collagen turnover in patients with acute myocardial infarction. Heart (British Cardiac Society).
2004;90:1053-4.

29. Adamopoulos C, Ahmed A, Fay R, Angioi M, Filippatos G, Vincent J, Pitt B and Zannad F. Timing of
eplerenone initiation and outcomes in patients with heart failure after acute myocardial infarction
complicated by left ventricular systolic dysfunction: insights from the EPHESUS trial. Eur J Heart Fail.
2009;11:1099-105.

15



Table 1 Baseline characteristics of patients with a decrease versus stable/increase in PIIINP

Decrease in PIIINP Stable/increase in PIIINP p-value
(N=184) (N=139)
Female sex, n (%) 58 (32 %) 25 (18 %) 0.006
Eplerenone treatment, n (%) 101 (55 %) 59 (42 %) 0.027
Age, yrs, meantSD 6211 60+11 0.21
BMI. kg/m2, mean+SD 27.614.2 27.744.3 0.81
Diabetes mellitus, n (%) 51 (28 %) 39 (28 %) 0.51
History of hypertension, n (%) 109 (59 %) 92 (66 %) 0.20
History of HF, n (%) 13 (7 %) 17 (12 %) 0.11
Previous HF admission, n (%) 3(2%) 9 (7 %) 0.023
Previous MI, n (%) 35 (19 %) 35 (25 %) 0.18
Smoking status, n (%)
Current 62 (34 %) 56 (40 %)
Never 80 (44 %) 57 (41 %) 0.43
Former 42 (23 %) 26 (19 %)
Heart rate, bpm, mean+SD 73£9 7119 0.78
DBP, mmHg, meanzSD 74x10 7419 0.85
SBP, mmHg, mean+SD 119416 119+15 0.94
Q-wave MlI, n (%) 149 (82 %) 98 (72 %) 0.029
Killip class
1 20 (11 %) 15 (11 %)
2 146 (79 %) 95 (68 %)
3 17 (9 %) 24 (17 %) 0.026
4 1(1%) 5 (4 %)
LVEF, %, median (IQR) 36 (32 - 38) 37 (32-39) 0.18
Atrial fibrillation, n (%) 19 (11 %) 10 (7 %) 0.30
Reperfusion therapy, n (%) 89 (48 %) 51 (37 %) 0.036
Baseline laboratory levels, meant+SD
Potassium, mmol/L 4.3+0.4 4.4+0.4 0.023
Baseline eGFR, mL/min/1.73m2 82+29 86+39 0.33
Hemoglobin, g/dl 13.2£1.6 13.5%£1.5 0.083
Serum sodium, mmol/L 140+4 140+4 0.79
Baseline medication, n (%)
ACEi or ARB 153 (83%) 118 (85%) 0.76
BB 142 (77 %) 117 (84%) 0.12
Statins 82 (45 %) 72 (52 %) 0.20
Antiplatelet therapy 42 (23 %) 34 (25 %) 0.73
ASA 162 (88 %) 124 (89 %) 0.74
Loop diuretic 75 (40.8 %) 59 (42.4 %) 0.76
ACEI/ARB, BB, ASA, statin 49 (27 %) 48 (35 %) 0.13
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Legend: BMI, body mass index; IQR, interquartile range; HF, heart failure; MI, acute myocardial infarction; DBP, diastolic blood pressure; SBP,
systolic blood pressure; LVEF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate, ACEi, ACE-inhibitor; ARB,
angiotensin receptor blocker, ASA, acetylsalicylic acid, BB, beta-blocker,
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Table 2 Crude and adjusted odds ratios of predictors for a decrease in PIHINP during follow-up
UNIVARIATE ANALYSES MULTIVARIATE ANALYSES
Clinical model Clinical model + biomarkers
(AUC 0.65) (AUC 0.75)

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
CLINICAL VARIABLES
Female sex 2.10(1.24 - 3.62) 0.006 2.19(1.26 — 3.81) 0.005 1.97 (1.09 - 3.54) 0.024
Eplerenone 1.65 (1.06 - 2.58) 0.027 1.65 (1.04 - 2.63) 0.035 1.73 (1.05 - 2.85) 0.033
Q-wave Ml 1.80 (1.06 - 3.06) 0.030
Reperfusion therapy 1.62 (1.03 - 2.54) 0.036 1.57 (0.98 - 2.51) 0.061 1.33 (0.80 - 2.20) 0.27
Potassium < 4 (mmol/L) 2.37 (1.33 - 4.25) 0.004 2.26 (1.23 - 4.16) 0.008 2.45 (1.28 - 4.69) 0.007
Hemoglobin < 11.9 (g/dl) 2.06 (1.15 - 3.67) 0.015
BIOMARKERS
PIIINP>3.6 (ng/mL) 4.79 (2.98 - 7.70) <0.001 4.17 (2.51 - 6.93) <0.001
PINP>27 (ng/mL) 2.33(1.46 - 3.73) <0.001 1.99 (1.16 - 3.41) 0.012
TIMP-1>1230 (ng/mL) 1.95 (1.22 - 3.11) 0.005
CRP>25 (mg/L) 1.64 (0.99 - 2.71) 0.056

Interaction analyses: PIIINP>3.6 * Eplerenone = 0.026. Others were non-significant.

Legend: MI, myocardial infarction; PIIINP, amino-terminal propeptide of type 111 procollagen; PINP, amino-terminal propeptide of type I procollagen; TIMP-1, tissue inhibitor of matrix

metalloproteinase 1; CRP; C-reactive protein; Cl, confidence interval; AUC, area under the curve.
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Table 3 Adjusted odds ratios of predictors of a treatment response to eplerenone after application
of a locally weighted scatterplot smoothing (LOESS) procedure.

MULTIVARIATE ANALYSES

Clinical model Clinical model + biomarkers
(AUC 0.65) (AUC 0.80)

OR (95% CI) p-value OR (95% CI) p-value
CLINICAL VARIABLES
Female sex 2.05(1.13-3.72) 0.019 1.85(0.93 - 3.69) 0.081
Reperfusion therapy 2.65 (1.52 - 4.63) 0.001 2.23 (1.17 - 4.23) 0.014
Potassium<4 (mmol/L)
BIOMARKERS
PIIINP>3.6 (ng/mL) 9.93 (4.53 - 21.77) <0.001
PINP>27 (ng/mL) 1.97 (1.01 - 3.86) 0.048

A forward multivariate logistic regression analysis yielded similar clinical predictors as those observed in the model

for the prediction of a decrease in PIIINP during follow-up (Table 2). Addition of PIIINP and PINP improved the

clinical model. Details on the LOESS procedure are described in the legend of Fig. 3.

Legend: PIIINP, amino-terminal propeptide of type Il procollagen; PINP, amino-terminal propeptide of type | procollagen
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Figure 1 Interplay between baseline PIIINP and eplerenone relative to the observed decrease in
PIIINP
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Legend: PIIINP, amino-terminal propeptide of type Il procollagen.
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Figure 2 Kaplan Meier curves for cardiovascular (CV) death or CV hospitalizations (A) and all-
cause death (B) according to change in PIIINP
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Figure 3 Locally weighted scatterplot smoothing (LOESS) procedure to identify patients with a
treatment response to eplerenone
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This figure depicts baseline log PIIINP levels (x-axis) and log of the change in PIIINP from baseline to month 9
(y-axis). Each dot represents a patient in the eplerenone (red) and placebo (blue) group. Patients treated with
eplerenone and placebo were ordered based on their baseline log PININP levels. The red (eplerenone) and blue
(placebo) lines depict the mean log change in PIHINP during follow-up. A significant difference in mean log

change is observed in patients with a baseline log PIIINP level >0.505 which is 3.20 ng/mL.
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Graphical abstract
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Supplemental table 1

Biomarkers at baseline in patients with a decrease versus stable/increase
in PHINP during follow-up

Decrease in PIIINP Stable/increase in PIIINP p-value
(N=184) (N=139)

PINP, ng/mL, 36.7+14.7 32.5+16.6 0.019
mean+SD
PIINP, ng/mL, 4.7+1.6 3.5+1.1 <0.001
mean+SD
ICTP, ng/mL, 6.5+3.4 6.1£2.9 0.20
mean+SD
TIMP, ng/mL, 1198.9+346.2 1121.2+353.9 0.050
mean+SD
hCRP, mg/L, 34.5+48.3 23.7£34.6 0.035
mean+SD
BNP, pg/mL, 183+102.8 174.6+106.9 0.47
mean+SD
Troponin T, ng/mL, 05(0.2-1.2) 0.9(0.2-1.8) 0.081
median (IQR)

Legend: PIIINP, amino-terminal propeptide of type 111 procollagen; PINP, amino-terminal propeptide of type I procollagen; ICTP, type | collagen

telopeptide; TIMP-1, tissue inhibitor of matrix metalloproteinase 1; hCRP; human C-reactive protein; BNP, B-type natriuretic peptide.
Parametric distributed data are compared using independent student t test; non-parametric data using Mann-Whitney U test.
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Supplemental table 2 Time point of randomization after index myocardial infarction

Time point of randomization after index myocardial infarction

Days 3-7 Days 8-10 Days 10-14

Baseline PIIINP levels, 3.99* 4.27* 451*
ng/mL

* significant difference between groups (p=0.023, one-way ANOVA)



Supplemental table 3

Responders vs. non-responders to eplerenone treatment

Responders (N=84) | Non-responders (N=156) | p-value

Female sex, n (%) 31 (36.9 %) 35 (22.4 %) 0.017
Eplerenone treatment, n (%) 84 (100.0 %) 156 (100.0 %) NA
Age, years, mean+SD 64+10 61+12 0.11
Diabetes mellitus, n (%) 26 (31.0 %) 45 (28.8 %) 0.73
History of hypertension, n (%) 51 (60.7 %) 90 (57.7 %) 0.65
History of HF, n (%) 8 (9.5 %) 13 (8.3 %) 0.76
Previous HF admission, n (%) 3 (3.6 %) 5 (3.2 %) 1
Previous AMI, n (%) 23 (27.4 %) 33 (21.2 %) 0.28
Smoking status, n (%)

Current 24 (28.6 %) 63 (40.4 %)

Never 43 (51.2 %) 57 (36.5 %) 0.078

Former 17 (20.2 %) 36 (23.1 %)
Heart rate, bmp, mean+SD 7319 7310 0.88
DBP, mmHg, mean+SD 73+11 74+10 0.52
SBP, mmHg, mean+SD 120416 118415 0.44
Q-wave MI, n (%) 67 (79.8 %) 117 (76.0 %) 0.5
Killip class

1 8 (9.5 %) 15 (9.6 %)

2 66 (78.6 %) 109 (69.9 %)

3 10 (11.9 %) 25 (16.0 %) 0.17

4 0 (0.0 %) 7 (4.5 %)
LVEF, %, mean+SD 34+5 35+5 0.30
Reperfusion therapy, n (%) 44 (52.4 %) 46 (29.5 %) <0.001
Baseline laboratory levels,
mean+SD
Potassium, mmol/L 4.5+0.4 4.4+0.5 0.090
eGFR (mL/min/1.73m2) 79428 80+30 0.78
Hemoglobin (g/dl) 13.1+1.6 13.4+1.5 0.30
Serum sodium (mmol/L) 140+4 14044 0.87
PIIINP>3.6 (ng/mL) 75 (89%) 61 (41%) <0.001
PINP>27 (ng/mL) 63 (75%) 75 (51%) <0.001
Baseline medication, n (%)
ACEi or ARB 72 (85.7 %) 126 (80.8 %) 0.34
Beta-blocker 22 (26.2 %) 34 (21.8 %) 0.44
Statins 43 (51.2 %) 68 (43.6 %) 0.26
Antiplatelet therapy 21 (25.0 %) 23 (14.7 %) 0.050
ASA 80 (95.2 %) 139 (89.1 %) 0.11
Loop diuretic 35 (41.7 %) 73 (46.8 %) 0.45
ACEI/ARB, BB, ASA, statin 28 (33.3 %) 45 (28.8 %) 0.47
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Legend: BMI, body mass index; HF, heart failure; MI, acute myocardial infarction; DBP, diastolic blood pressure; SBP, systolic blood pressure;
LVEF, left ventricular ejection fraction; eGFR, estimated glomerular filtration rate, ACEi, ACE-inhibitor; ARB, angiotensin receptor blocker,

ASA, acetylsalicylic acid, BB, beta-blocker, PIIINP, amino-terminal propeptide of type 111 procollagen; PINP, amino-terminal propeptide of type
I procollagen
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Supplemental table 4

External validation of the prediction model in the REMINDER dataset

Multivariate logistic model

(AUC 0.70)

OR (95% CI) p-value
Female sex 0.81 (0.50 - 1.31) 0.39
Eplerenone 1.31(0.90 - 1.92) 0.16
Reperfusion therapy 0.66 (0.38 — 1.16) 0.15
Potassium<4 (mmol/L) 0.98 (0.67 — 1.44) 0.94
PIIINP>3.6 (ng/mL) 4.67 (3.01 - 7.24) <0.001
PINP>27 (ng/mL) 1.14 (0.77 - 1.70) 0.52

Legend: PIIINP, amino-terminal propeptide of type 111 procollagen; PINP, amino-terminal propeptide of type I procollagen.

OR, odds ratio; Cl, confidence interval.
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Supplemental figure 1 Correlation heatmap for biomarkers and clinical variables at baseline
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The figure shows the Pearson correlation between various fibrosis biomarkers and clinical variables. Only
significant correlations with p-value below 0.05 are shown. Blank cells depict non-significant correlations.
There was no correlation >0.5 observed between the different variables. On the right-scale the correlation
coefficients are depicted, blue for negative correlations and red for positive ones.
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