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1. Background

The prevalence of heart failure (HF) in France is about 1-2% [1,2].
Although mortality decreased in the past two decades, it remains high,
still estimated about 30% after 2years of evolution [3,4]. Patients
suffering from HF are frequently readmitted within the first month
[5-8], leading to a heavy burden, with a cost of 2 billions euros in
France [9], mainly driven by hospitalization (63%). Presently, about
25% of patients are readmitted within the first month and up to 50%
within the first year [3,4].

It appears crucial to prevent readmissions. Rehabilitation could be
of particular interest to achieve this purpose [10]. Various approaches
have been proposed including close post-discharge nurse follow-up
[11-13] by a multidisciplinary team [14]. Telemonitoring is still a
subject of debate [15,16].

The cornerstone of HF management remains the optimization of
recommended medical treatment including the drugs which have
proved to improve survival: beta-blockers [17,18], angiotensin con-
verting enzyme inhibitors (ACE-inhibitors) [14] or angiotensin receptor
blockers (ARBs) [19], mineralocorticoid inhibitors [20], ivabradine
[21] and sacubitril-valsartan [22] for patients with reduced left ven-
tricular ejection fraction (LVEF). One of the main concern regarding the
medical treatments is the titration of drugs. The natriuretic peptides
could help [23,24] although not recommended by the European Society
of Cardiology (gap of evidence) (ESC) [4] or by the American Heart

Association (AHA) - American College of Cardiology (ACC) to this
purpose [25,26], because of the absence of clear and consistent evi-
dence for improvement in mortality and cardiovascular outcomes.
Nevertheless, the natriuretic peptides reflect only one of the patho-
physiological aspects, advocating for other biomarkers. The sST2 (the
truncated soluble form of the protein encoded by the suppression of
tumorigenicity 2 gene) is considered a promising candidate [27].
Briefly, this biomarker belongs to the Interleukine-1 receptor family.
The transmembrane form (ST2L), is expressed on the cell membrane of
cardiomyocytes and fibroblasts; the soluble form (sST2), is secreted by
the endothelial cells. The interleukin-33 (IL-33) is the common ligand
[28]. This pathway has been reported to prevent hypertrophy, fibrosis
and apoptosis in physiological conditions. However, in pathophysiolo-
gical conditions, the sST2 increases and prevents the normal action of
IL33 on the ST2L.

As regards HF, sST2 may be a potent predictor for survival [29-33].
Felker et al. showed that in patients with stable HF, when sST2 > 35
ng/L, all-cause mortality at 3 years, cardiovascular mortality and hos-
pitalization for HF are doubled [34]. It has been reported to be a better
risk predictor than natriuretic peptides [35]. Importantly sST2 is not
influenced by renal function [33], age or body mass index [36].

Furthermore, sST2 levels vary quickly after the admittance [37],
and a variation > 15.5% between admittance and discharge has been
reported to be correlated with a better survival [38].

Abbreviations: HF, heart failure; ACE-inhibitor, angiotensin converting enzyme inhibitor; ARBs, angiotensin receptor blockers; LVEF, left ventricular ejection fraction; AHA/ACC,
American College of Cardiology/American Heart Association; ESC, European Society of Cardiology; ST2, Suppression of tumorigenicity-2; sST2, soluble ST2; ST2L, ST2 ligand (trans-
membrane form); IL-33, interleukin-33; NT-proBNP, N-terminal pro b-type natriuretic peptide; BNP, B-type natriuretic peptide; V, Visits; LV, Left ventricular
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Fig. 1. Schematic design of the trial.

In this trial, we aim at evaluating the sST2-guided therapy as a help
for the physician to optimize the recommended treatments.

2. Methods
2.1. Design

2.1.1. Aim of the study

The main aim is to evaluate the interest of sST2-guided medical
treatment optimization of patients admitted for HF, in order to prevent
readmission.

2.1.2. Design and setting of the study: see Fig. 1

STADE-HF will be a monocentric prospective biomedical interven-
tional randomized open-label superiority trial aiming at evaluating the
two strategies with two parallel arms: conventional therapy versus
sST2-guided therapy. It will be carried out in the University Hospital of
Montpellier. Owing to the type of intervention, blinding of investigators
is not possible. However, the patients will be blinded to the intervention
arm.

2.2. Characteristics of participants

The study will include adults (men and women), hospitalized for
acute HF. The diagnosis of acute HF will be made according to the
recommendations of the ESC [4], by searching typical symptoms (e.g.
breathlessness, ankle swelling and fatigue) that may be accompanied by
signs (e.g. elevated jugular venous pressure, pulmonary crackles and
peripheral oedema) corroborated by high NT-proBNP = 450 pg/ml, or
by the necessity to administer diuretics without taking into account the
level of LVEF. The patients are hospitalized either in cardiology or in
internal medicine department.

Main exclusion criteria are cardiogenic shock, life-threatening
conditions (< 7 days), previously ongoing clinical trial.

2.3. Intervention (see Fig. 2)

2.3.1. Two groups randomization
Informed consent form is obtained for each patient enrolled in the
study. They are randomly assigned to one of the two following groups:

e Conventional treatment: sST2 is not known by the clinician

He manages the HF patients according to international guidelines
especially the recent ESC guidelines [4], recommending to optimize
treatments with maximum tolerated doses of every class of drugs as
long as possible.

| Conventional treatment | / \‘ sST2-guided therapy

sST2 is not known by the
clinician

sST2 adday 4 is
known and is used to
guide the treatment

— O

| ST2>37 ng/mL |

Management of the HF
patients following the
international guidelines

47' ST2 <37 ng/mL |

Optimization as far as
possible the treatments
of heart failure

Fig. 2. Schematic protocol for adaptation of the treatment following the sST2 (available
or not and depending on the level).

® sST2-guided therapy: sST2 assessed on day 4 is known by the clinician
who adjusts HF treatment based on sST2 level (see Figs. 1 and 2)

We will use centralized stratified web-based randomization method.
A computer program will generate randomization sequences with
varying block sizes unknown to the investigators. A web-based rando-
mization system will implement the randomization stratified on sex,
age and glomerular filtration rate (below 30, between 30 and 60, and
above 60 ml/min). The investigators will access to the website using a
personal information number. The patients will be individually and
randomly assigned to the two groups with a 1:1 ratio.

The intervention is 1) the assessment of sST2 and 2) the adaptation
of the treatment taking into account the sST2 result.

The laboratory samples from the patients included in the study will
be aliquoted and stored at — 80 °C. The collection will be declared and
centralized in the laboratory of Biochemistry of the University Hospital
of Montpellier. Blood tests performed on the day of inclusion will be in
accordance with the European guidelines on heart failure: hemogram,
ionogram, urea, creatinine, iron status and hepatic workup. These tests
will be repeated during hospitalization according to clinical needs.

Venous blood will be collected in dry and EDTA tubes and im-
mediately centrifuged (the samples are transported in a mean total
delay of < 3 h (all inclusive until frozen).

NT-proBNP levels will be determined from serum by immuno-
electrochemiluminescence assay on the Cobas8000/e602® im-
munochemistry system (Roche Diagnostics, Meylan, France).

EDTA plasma will be used for quantitative determination of sST2
with ASPECT-PLUS©O ST2 test on ASPECT Reader© instrument from
Critical Diagnostics (San Diego, California distributed in France by
Eurobio society). sST2 plasma concentrations will be measured with a



high sensitivity sandwich monoclonal lateral flow immunoassay.
Plasma (35 pl) is loaded into the sample well where it flows through the
anti ST2 antibody coated strip. Assay buffer is added to the second well
(two drops). The cassette is then inserted into the ASPECT Reader for
incubation, and ST2 concentration (ng/ml) is determined and reported
by the reader within 20 min. Analytic measuring range goes up to
250 ng/ml and the limit of detection claimed by the manufacturer
is < 12.5 ng/ml. Total CV for clinical ST2 level (32 ng/ml) was 14,2%
as reported by the manufacturer. All other biochemistry parameters as
urea, creatinine, sodium, iron and hepatic enzymes will be performed
on Cobas 8000/c701® and ISE (Roche, Meylan, France).

sST2 and NT-pro-BNP were performed for all patients on the ad-
mission and/or inclusion day as well as on day four, discharge and one
month consultation day. However, ST2 result on day 4 will be disclosed
to clinicians exclusively for the ST2 group patients. Other sST2 values
during the rest of the study will be disclosed to clinicians in both
groups?.

2.3.2. Therapeutic adaptation according to the randomization group and
ST2 results

In our previous study [29], the median sST2 value of our 180 pa-
tients with stable heart failure was 37 ng/ml. In the STADE HF study,
this threshold value will allow us to discriminate two groups of pa-
tients, with the hypothesis that a sST2 value > 37 ng/ml would reflect
an increased activity of pathophysiological processes involved in heart
failure.

Therefore, for patients in the sST2 group, sST2 result on day 4 will
be available to the clinician. If below 37 ng/ml, the clinician will take
care of the patient according to his or her habits, in accordance with
ESC guidelines on heart failure. On the contrary, if the sST2 result is
above 37 ng/ml, the clinician should try to adapt the treatments of HF
at best. A therapeutic optimization help sheet will be provided to the
clinician. For each patient with sST2 result > 37 ng/ml, the clinician
should specify 1) whether the various therapeutic classes of heart
failure are indicated or not 2) the therapeutic adaptation (initiation or
withdrawal of the drug, increase or decrease of the dosage). For this
group of patients with high sST2 and therefore probably more active
cardiomyopathy, the clinician should be as aggressive as possible in
therapeutic titration, considering heart rate (for beta-blockers and i(f)
current inhibitors), blood pressure (for ACE-inhibitors, ARBs,
Neprilysin inhibitors and beta blockers), serum potassium and renal
function (for Aldosterone receptor antagonists and Neprilysin in-
hibitors). The discussion between clinicians and pharmacists could be
very interesting to achieve a treatment as personalized and complete as
possible (Table 1).

For patients in conventional treatment group, management follows
the usual way, according to ESC recommendations [4] and without
knowing ST2 result. A medication reconciliation process is proposed to
all patients (conventional treatment and sST2-guided therapy), at both
admission and discharge day. Medication reconciliation is the process
of comparing order of all medications the patient has been taking and
should take at admission, transfer and discharge of hospitalization.
During medication reconciliation process, the Best Possible Medication
History, defined as the most comprehensive list of all medications taken
by the patient including prescription and over the counter medication
will be performed and recorded in medical record [39].

2.4. Follow up

The patients are evaluated by a physician (either a cardiologist or an
internist): on admission — Visit (V) 1, on day 4 (V2), on discharge (V3)
and on one month after discharge (V4). Cardiology consultation de-
partment phone number will be given to all patients. Cardiologist will
provide consultation before one month whenever necessary.

In each department, clinical pharmacists will help for inclusion,

drug management and evaluation of patients. Treatments before ad-
mission, during hospitalization (day 4) and at discharge will be regis-
tered by medication reconciliation process.

At V1 (Day 0), 2 (Day 4), 3 (Day of discharge) and 4 (one month
after discharge) a physical examination, medication history, electro-
cardiogram (ECG), blood examination are performed.

At V 1 (Day 0) +/— V 4 (one month after discharge):
Echocardiography is performed.

At 1 year, the evaluation is performed either during a routine visit,
or by phone.

For a schematic presentation of the following, please see Figs. 1 and 2.

3. Subject discontinuation

Subjects may withdraw from the study at any time upon request, at
the discretion of the investigator for safety or behavioral reasons, or due
to the inability of the subject to comply with the required schedule of
visits or procedures. Subjects withdrawn from the study are subse-
quently managed according to conventional practice. Every effort will
be made to ensure follow-up for outcomes relevant to the trial objec-
tives.

3.1. Outcomes

Clinical outcomes are assessed by investigators to determine whe-
ther a protocol-specified outcome had occurred. The main clinical
outcome is all-cause readmission within one month of discharge.

The secondary endpoints are:

- Heart failure-specific readmission rate at 1 month;
- Length of stay;

- Natriuretic peptides use;

- Total inpatient cost at 1 month;

- Biochemistry-related cost at 3 month.

3.2. Sample size

Regarding patients admitted for HF, the readmission rate at day 30
is about 25% in France [7], corresponding to approximately 2 million
people in our region [40]. To our knowledge, there is no study available
in the literature allowing specifically the estimation of the decrease of
hospitalization due to a biomarker-guided strategy. Hence the hy-
pothesis is based on results of studies assessing the effect of other in-
terventions having a strong organizational component, such as transi-
tional care interventions [41]. Based on the hypothesis of a 50%
reduction of readmissions (rate of 12.5% versus 25%), with a type I
error of 5% and a power (1-f3) of 80%, the number of patients needed to
include is of 136 per group. Taking into account the intermediary
analyses and the loss to follow-up, 150 subjects per group will be in-
cluded, making a total of 300.

3.3. Statistical analysis

The initial comparability of the two arms will be assessed by de-
scribing all characteristics at inclusion. The comparison of the two arms
will be performed on the intention-to-treat population, i.e. all rando-
mized patients will be included in the analysis in the arm they have
been assigned to regardless of the intervention they have actually re-
ceived. If important protocol deviations occur, a per-protocol analysis
might be considered. In such case, the results of the per-protocol ana-
lysis will be compared with those of the intention-to-treat analysis.
Regarding the primary analysis, the null-hypothesis of equal rates of 30-
day all-cause readmission will be tested using logistic regression. All
comparisons will be adjusted on the stratification variables (i.e. sex, age
and glomerular filtration rate). The secondary outcomes will be



Table 1

Addendum for therapeutic optimization according with the guidelines.

Therapeutic class Therapeutic class indicated ? | Prescribed ? | Modification ?
(Column to be filled if LVEF
<35%)
Beta blocker O Decrease
O Yes ONo O Yes [ Stop
O No O Introduction
O Increase
O Decrease
ACE-inhibitor O Yes ONo O Yes O Stop
O No O Introduction
O Increase
O Decrease
ARBs O Yes ONo 0O Yes O Stop
ONo O Introduction
O Increase
Aldosterone O Decrease
Receptor Antogonists | Yes ONo O Yes O Stop
O No O Introduction
O Increase
Neprilysin inhibitor O Decrease
O Yes ONo O Yes O Stop
O No O Introduction
O Increase
Loop diuretics O Decrease
O Yes ONo O Yes 0O Stop
O No O Introduction
O Increase
[ Decrease
I(f) current inhibition O Yes ONo O Yes O Stop
O No O Introduction
O Increase
O Decrease
Digitalis glycosides | Yes ONo O Yes [ Stop
O No O Introduction
O Increase

described using the measures of the empirical distributions. Qualitative
outcomes will be compared using chi-square of Fisher test according to
the sample sizes. Quantitative ones will be compared using Student or
Wilcoxon-Mann-Withney test according to the observed distribution. P-
values of the corresponding statistical tests comparing the intervention
groups and associated 95% confidence intervals will be given.

Two interim analyses will be performed after availability of the
results for the primary outcome (30-day readmission) for 100 and 200
randomized patients. The overall type I error rate will be controlled
using the Haybittle-Peto method as follows:

- Overall two-sided type I error rate: 0.05

- Boundary for the two-sided p-value for accepting the null-hypothesis
in the first interim analysis: 0.001

- Boundary for the two-sided p-value for accepting the null-hypoth-
esis in the second interim analysis: 0.001

- Boundary for the two-sided p-value for accepting the null-hypoth-
esis in the final analysis: 0.048.

We chose the Haybittle-Peto method because the same threshold is
used at all interim analyses and because the final analysis is performed
using a threshold very close to 0.05, which make it easier to read and
understand. We chose to perform > 1 interim analysis because of the
high uncertainty around our primary hypothesis, and < 3 because we
believe it will be very unlikely to see any difference with < 100 pa-
tients.

The results of the interim analyses will be presented to the Data
Safety and Monitoring Board who will advise the Steering Committee to
either stop or continue the trial.

If the null hypothesis of superiority of ST2 on the readmission rate is

not rejected, our main conclusion will be that there is no significant
difference between the two interventions. The remaining analysis of the
secondary outcomes will then be exploratory.

3.4. Funding

No funding to declare for this trial. Eurobio will provide half of the
assays for sST2 measurements. The Montpelier University Hospital will
provide the costs for promotion and the department of cardiology will
support all other costs.

3.5. Ethical considerations

The protocol of this trial was approved by the French institutional
review board (Comité de Protection des Personnes de Montpellier,
France) on September 21, 2016 (Reference number: 2016-A01148-43).
The trial protocol was registered to ClinTrials (NCT02963272) on
October 31, 2016.

All patients enrolled in the study will have signed informed consent.

4. Discussion

Many strategies have been proposed to prevent readmission in pa-
tients with HF, including the intervention of clinical pharmacists [42], a
better network plan [11], a multidisciplinary follow-up [12,43], and
telemedicine [44].

The main aim of STADE-HF trial is to evaluate the interest of sST2
biomarker to guide the management of patients admitted for HF, in
order to reduce the rate of readmission. Other secondary endpoints will
provide hypotheses-generating results. More precisely, sST2 biomarker



has been shown to predict remodeling [45], and therefore could reflect
to some extent the activity of the HF process. Indeed, HF could be the
result of various pathophysiological pathways, on which treatments
could be more or less effective depending on the prominent one. Briefly,
the higher the sST2, more likely is the impact of drugs with putative
antiremodeling impact, such as mineralocorticoid receptors antagonists
in patients admitted for myocardial infarction and presenting LV re-
modeling [46,47], or beta-blockers in patients with HF [37].

Guidelines are mainly based on general recommendations, without
specific consideration of genetic background, renal or hepatic function,
or other comorbidities. This systematic approach lacks customization,
and could probably explain some negative results, as distinct back-
grounds or pathophysiological pathways could overlap, leading to
biased results.

A large amount of data emphasizes the interest of natriuretic pep-
tides for the follow-up and eventually the adaptation of HF patients
treatment, especially to regulate fluid overload [48]. Nevertheless,
there are only few data on adaptation of chronic treatments. Im-
portantly, in our preliminary study [29], sST2 provided additionnal
information to NT-proBNP, suggesting that it should be able to in-
tegrate the information value (but independently for age, body mass
index or renal function) and should then appear as a candidate to re-
place and not be added.

The main originality of our approach is to adapt the use of re-
commended drugs not on the base of a systematic approach, but con-
sidering the disease itself, and by the pathophysiological aspects (HF
with a high potential fibrotic activity or not). The first days of hospi-
talization for acute heart failure are generally marked by the pre-
dominance of congestive signs, requiring significant depletion with the
use of intravenous diuretics. After a few days, the patient generally
reaches a period of relative stability, allowing sST2 measurement and
the adaptation of recommended drugs.

This personalized management appears more appealing from a pa-
thophysiological point-of-view. To our knowledge, this is the first time
that this kind of approach is evaluated in HF patients.

5. Limits

1) The trial will include only few patients in one cardiological and
internal medicine center.

2) We chose to provide only few results for sST2 and we cannot be sure
that other results could provide better information.

3) Optimization of the treatment of HF. In a real-life trial, we aimed at
urging the physicians in charge to implement the guidelines. It well-
established that about 60-70% of the patients do not receive re-
commended drugs in the real-life cohorts, for various reasons. In our
study, in the intensive-managed arm, a specific flowchart had to be
filled by experienced senior physicians to explain why the re-
commended drug is not prescribed and to optimize treatments. We
will report the percentages of modifications, but this could be a bias,
as individual behaviors are likely.

4) The design relies on the potent capacity of currently used medica-
tions to prevent the remodeling and even reverse the fibrotic pro-
cess, which remains highly hypothetical.

5) The sST2 threshold is a bit arbitrary and is better established in
chronic patients. This pilot study will provide important data to
better design a larger multicentric prospective trial.

6. Trial status

Until now, no patient has been included in the trial. All the legal
authorizations have been obtained in 2016.
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