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Introduction: why use biomarkers
in the care of our heart failure
patients?

Managing patients with heart failure is no easy task. For those of us
who delve in the daily “fray’ of heart failure, there are a number of sit-
uations where appropriate use of biomarkers may lead to better
treatment:

(1) In patients presenting with dyspnoea, how sure are we of the diag-
nosis of heart failure?

(2) What treatments can | safely start in the hospital?

(3) How do | know the appropriate time to discharge a patient?

(4)  Whois at high risk for early readmission and what can | do to pre-
vent it?

(5) How do | decide what dose of known cardiac medications to treat
with in the clinic?

(6) How do | determine if some of the newer heart failure drugs and
devices are appropriate-and cost effective—for my patient?

Biomarkers exist in part to help answer the above questions.
Biomarkers used for diagnosis should be either sensitive OR spe-
cific and much of the value may actually be on the low end to ‘rule
out’ disease. In this regard a B-type natriuretic peptide (BNP) level
under 100 pg/ml or an Nt-proBNP level < 300 pg/ml, rules out
acute heart failure in more than 9 out of 10 cases. A good bio-
marker is a surrogate for underlying pathophysiologic abnormal-
ities, and hence is often prognostic. However, in clinical practice
‘what to do about the biomarker value’ is often the make-or-
break question.1 The biomarkers that are here to stay are those
that we can act on: personalize treatment in such a way that we
might start a certain treatment or titrate that treatment using the
changing levels of the biomarker. Of course all this should remain
within the scope of clinical presentation of the patient along with
physician equipoise as well as other, adjunctive tests.

What biomarkers have we used?

The major biomarkers used for heart failure are the natriuretic pepti-
des (NPs): both BNP and Nt-proBNP are useful in diagnosis and ruling
out acute heart failure, can be used for risk stratification, and based on
the upcoming results of the GUIDE IT trial, may soon be used for out-
patient titration of cardiac medications.”® In the hospital we already
use NPs as a rough guide to volume management—using diuretics to
help achieve a transition from a high ‘wet’ NP level toward a more
euvolemic ‘dry’ NP may allow us to send a patient home fully decon-
gested. While this is somewhat simplified, it has worked well in our
practice. Additionally, a discharge NP level appears to be something
we can use to follow the patient as they transition to the outpatient
setting, both as a gauge when possible heart failure decompensation
occurs, as well as a way to manage the patient’s medications. But NPs
have their problems. They are affected not only by conditions such as
renal dysfunction, obesity, atrial fibrillation and anaemia, and levels can
be elevated in HFpEF, HFrEF, pulmonary hypertension and right heart
failure. Thus the level of NP should never be used as a stand-alone test,
but rather as an important adjunct to clinical judgment and other tests.
The same can be said for any test.

Cardiac troponins

While cardiac troponins are mainstays in the evaluation of chest pain,
their role in heart failure is yet to be fully ascertained.”~ Clearly prog-
nostic in patients presenting with acute decompensated heart failure,
there are as of yet no algorithms for additional treatment strategies
based on troponin levels. With high sensitivity assays virtually all

Patients with acute decompensated heart failure will have levels
above the 99th percentile for the specific assays. The questions that
still need to be answered are:

(1)  What level of elevation should one be suspicious of for a Type |
NSTEMI as the cause of heart failure?
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(2) Should we target specific anti-ischemic agents (nitrates or
ranolazine for example) towards rising troponins, and if so, what
delta troponin value should we use?

(3) Can we use troponins to help identify the aetiology of heart failure
such as infiltrative (amyloidosis) or inflammatory cardiomyopathy?

(4) What will the role of hs-Troponin levels be in ambulatory heart fail-
ure in relation to sST2 and Natriuretic peptides

Procalcitonin (PCT)

PCT is a robust indicator of bacterial infection that is released early in
response to bacteria and in amounts correlated to the severity of
infection.® Levels decrease as effective therapy is instituted and may
in fact help guide the duration of antibiotic treatment.”’ The BACH
study demonstrated the potential usefulness in patients admitted
with dyspnoea." PCT and BNP used together were able to separate
most patients who had heart failure, pneumonia, or both. In addition,
in patients who had low levels of PCT but were treated with antibiot-
ics had a worse prognosis than those not given antibiotics. Those
with high PCT levels and not given antibiotics also had a poor prog-
nosis. The IMPACT trial is underway to test the hypothesis that in
patients with dyspnoea, PCT can be used to guide treatment.

So do we need another
biomarker?

The pathway to validation of a new biomarker is long and arduous.
For the care and management of patients with heart disease very few
biomarkers have successfully traversed this path since NPs and tro-
ponin. sST2 is one such biomarker that has jumped through all the
‘hoops’ expected from a biomarker that is ready for clinical use.
Extensive clinical research studies have clearly demonstrated the util-
ity of sST2 as a biomarker,'® there is an food and drug administration
(FDA) cleared and validated assay available'* and it is noted in the
2013 American heart association (AHA) Heart Failure Guidelines. In
our experience it is the ONLY new, approved, and available bio-
marker that can be of value today in taking care of patients with both
acute and chronic heart failure. We have used sST2 clinically for the
past years and will present our experience here.

What is sST2?

ST2 is a member of the interleukin 1 receptor family also known as
interleukin 1 receptor-like 1 (IL1RL-1).">"® ST2 stands for ‘suppres-
sion of tumorigenicity 2. It was discovered in 1989 but only in 2002
Weinberg et al'” reported that it can be expressed by cardiac cells in
response to myocardial stress, drawing attention of researchers to a
role in the cardiovascular system. ST2 has two main isoforms: trans-
membrane or cellular (ST2L) and soluble or circulating (sST2)
form."”” ST2 is the receptor for interleukin-33 (IL-33), which is an
IL-1-like cytokine that is secreted by living cells in response to cell
damage. The interaction of IL-33 and sT2L has been proved to be
cardioprotective in experimental models, reducing myocardial fibro-
sis, cardiomyocyte hypertrophy and apoptosis. This cardioprotective
action occurs exclusively through the ST2L receptor and not through

the soluble form. In fact when the soluble receptor is shed in cases of
cardiac ‘distress, sST2 avidly binds to IL-33 competing with ST2L,
blocking the IL-33/ST2L system and eliminating the cardioprotective
effects described above. Therefore, sST2 is considered a decoy
receptor.'®

As we began using sST2 in the hospital and the heart failure clinic,
| would often be asked: Why should we use sST2 when our present
way of managing heart failure is sufficient? The answer is both simple
and complex. Take the example of patients presenting with acute
heart failure. Most are treated exactly the same-meaning intravenous
followed by oral diuretics followed by discharge. Some patients do
fine; some are readmitted within 30 days; other die. The discouraging
fact here that it is difficult up front to tell which patient will suffer
which fate. High BNP levels (above the dry BNP) correlates with vol-
ume overload, which is often obvious to the physician. However, our
experience thus far suggests that sST2 levels give us insight into the
state of heart failure far beyond the state of intravascular volume or
physical exam findings. While it is certainly additive to what NPs bring
to the table, we believe that sST2 might potentially be looked at as
the HbA1c of heart failure (Figure 1); in other words, the sST2 value
has inputs from wall stress, inflammation, macrophage activation (fib-
rosis) and a number of still-to-be determined stimuli. Just as better
glucose control drops HbAc levels into a better prognostic range,
better control of heart failure appears to lower sST2 levels.

Thus far, the level of sST2 does not appear to be significantly
affected by age, sex, BMI, aetiology of heart failure, atrial fibrillation
and anaemia. Unlike almost any cardiac biomarker in use, sST2 does
not appear to be significantly affected by renal function. The fact that
sST2 has the lowest intra-individual variation and smallest relative
change value compared to other biomarkers makes it suitable for
accurate serial measurements.'® Finally, in the outpatient setting, an
sST2 value of 35ng/ml appears to be the level that one should aim
for in therapy.*°

Using sST2 in the hospital

Our experience with sST2 in patients admitted to the hospital with
acute decompensated heart failure conforms to data permeating the
literature. It is a powerful predictor of short-term and long-term
adverse events. In the PRIDE study the prognostic utility of sST2 was
additive to that of NT-proBNP, such that patients with elevation of
both markers had the highest 1-year mortality rate (almost 40%).’
This relationship of sST2 with death emerged soon after enrolment
in the study and remained significant out to 4 years from presenta-
tion. In fact, high sST2 levels reclassified risk of death in patients with
low-NP levels. Conversely, in patients with an sST2 value below the
median concentration, NT-proBNP >1,000 pg/mL was not a predic-
tor of 1-year mortality.

It is noteworthy to comment on the comparison of ST2 measure-
ments with other biomarkers in the setting of acute decompensated
heart failure (ADHF). In a study with 5306 patients carried out by the
Global Research on Acute Conditions Team, among a great number
of biomarkers measured at admission in patients with ADHF, sST2
emerged as the strongest biomarker with the ability to reclassify
death risk beyond a clinical model. sST2 was the best predictor of
both 30-day and 1-year mortality.”* For a biomarker to be useful in
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Figure | sST2 the HbA1c of heart failure.

risk stratification and in guiding treatment in ADHF, the values must
change in appropriate directions with appropriate treatment. The
biologic variation and the low index of variation of ST2 make it a good
candidate for monitoring and possibly guiding therapy in ADHF."” One
of the first studies to assess serial measurements of sST2 was carried
out by our group using an Research Use Only (RUO) sST2 assay.” In
this study sST2 was measured on a daily basis in patients admitted with
ADHF. We demonstrated that this biomarker changes quickly in
response to effective treatment. When values did not decrease or
even increased, there was a high probability of dying by six months

More recently, similar results were obtained by Manzano et al**,
using the newer, validated Presage® ST2 Assay. They found that
median concentrations of sST2 decreased from 62 to 44 ng/mL and
those patients with persistent elevation on Day 4 had a higher risk of
death. Finally, Breidthardt et al*> observed that sST2 values signifi-
cantly decreased from admission to 48h, especially in those with
favourable outcomes, with a median reduction of 42% in survivors vs.
25% in non-survivors.

Of note, there are significant differences between the commer-
cially available RUO assays and the validated (CE Mark and FDA
cleared) Presage ST2 Assay.***’ The most notable difference is abso-
lute sensitivity. The Presage ST2 Assay is several fold more sensitive,
which allows accurate measurement of ST2 across the entire natu-
rally occurring concentration range. And has been tested to verify
that it is not effected potential interfering substances, such as heparin.
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Our experience with sST2
in the ADHF patient

Figure 2 depicts the value of both BNP and sST2 measured in the set-
ting of acute heart failure as part of the clinical routine. We then
looked for heart failure admission three months before and three
months after the admission. Data were extrapolated if patient had
not been followed by us for the entire six months. sST2 levels are
strongly correlated to previous and post admissions, even more so
than BNP. We also demonstrated a robust area under the ROC
curve for heart failure admissions for sST2, as compared to BNP.
This is now being referred to as a ‘frequent flyer index’.

Figure 3, depicts a patient whose sST2 levels decreased using a com-
bination of diuretics and angiotensin converting enzyme (ACE) inhibi-
tors. This patient who was obese had low BNP levels at admission and
throughout treatment. Thus, obesity precluded us using the NP level
but not the level of sST2

Figure 4 demonstrates that while sST2 levels were initially decreased
secondary to vigorous diuretic treatment, low levels were unable to
be maintained. This was likely due to the inability to up titrate medica-
tions because of hypotension. He had two subsequent admissions.

Finally, Figure 5 demonstrates a high sST2 level at admission with
the inability to bring the level down with medications. He had six
admissions in the past year, and will now be started on Entresto.
Note the variability in the BNP levels.

/T0Z ‘T Afenuer uo 1s9nb Aq /B10'seulnolpioxo’ ireayne//:diny wody papeojumoq


Deleted Text: (<sup>17</sup>)
Deleted Text:  (<sup>25</sup>)
Deleted Text:  (
Deleted Text: )
Deleted Text: day 
Deleted Text:  (
Deleted Text: <sup>7</sup>)
Deleted Text: ours
Deleted Text: ersus
Deleted Text: Research Use Only (
Deleted Text: )
Deleted Text:  (<sup>28,29</sup>)
Deleted Text: as
Deleted Text: ``
Deleted Text: ``
Deleted Text: -
Deleted Text: ,
Deleted Text: 6 
http://eurheartj.oxfordjournals.org/

A.S. Maisel and S. Disomma

ST2 and BNP for HF Admission
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Figure 3 Dropping ST2 levels during hospitalizations.
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Early lessons learned using sST2
in ADHF

(1) sST2 levels when elevated in patients admitted for ADHF, point to
a very sick patient, even when NP levels are either not high, or after
they decrease during treatment.

(2) sST2 levels will fall rapidly with hospital treatment, but if levels are
still high at discharge they are still at risk.

(3) Alevelthat falls less than 25% from admission may benefit from more
aggressive treatment. VWe are beginning to drive sST2 levels down by
adding medications such as spironolactone while in the hospital.

(4) Elevated sST2 levels are strongly predictive of future heart failure
admissions, and characterize the ‘frequent fliers’ better than NPs

Value of soluble ST2 in chronic
heart failure and use in the clinic

While many physicians use NP levels as a means of ‘personalizing’
outpatient treatment for heart failure, it is still a class llb indication.
The GUIDE IT trial, which should be completed soon, is a large
randomized trial of targeting levels of NT-proBNP to under 1000 pg/
mlyvs. standard of care.?®

If positive, the guidelines favouring NP guided therapy will likely be
implemented. In our own practice, we routinely order an sST2 level

1-15 (Adm)2-15 (Adm)4-15 (Adm)—>11-16

(Adm)

along with the BNP level in our ambulatory clinic patients. This is
based on sound evidence from the literature below.

Daniels et al *° did an excellent job of summarizing the many clini-
cal cohorts of chronic heart failure, demonstrating a clear prognostic
capability of ST2 levels in the ambulatory setting. Numerous studies
demonstrate the symbiotic relationship between sST2 and the NPs
with regards to prognosis.>°=? In fact, studies have demonstrated
that the combination of sST2 and NT-proBNP have a performance
similar to the Seattle Heart Failure Model.**** sST2 appears to trump
all other biomarkers except NPs in the ambulatory heart failure set-
ting. Recently, Gruson et al evaluated the value of sST2 in addition to
NPs (BNP, NT-proBNP, and proBNP4_;0g) and conventional risk fac-
tors such as age, LV ejection fraction, and estimated glomerular filtra-
tion rate. ST2 was the strongest predictor of cardiovascular death.*

While Galectin 3 is an another robust marker of fibrosis, it does
not change significantly during the course of treatment. Head-
to-head comparison of these two biomarkers revealed that sST2 was
superior to galectin-3 in risk stratification and reclassification of
patients.®® (It is noteworthy that in the Barcelona study, the perform-
ance of sST2 was not influenced by renal function, as observed with
NT-proBNP. The inclusion of ST2 along with other biomarkers
improved the prediction in patients with renal failure even more than
in the whole population.®® Thus in patients with renal impairment,
the sST2 level may even be a better marker to follow than the natriu-
retic peptides.
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Figure 5 Stability of sST2 levels to follow outpatient treatment as compared to BNP.

Right now, in our clinical setting, we have the availability of not
only BNP and sST2 but troponins as well. A recent study by Miller
et al’” biomarkers were collected every 3 months over to years and
analysed in relation to death/cardiac transplantation and heart failure
an hospitalization. Time dependent analysis demonstrated that BNP
cTnT, and sST2, along with clinical variables demonstrated a relation-
ship to the endpoints in all biomarkers but Galectin 3.3’ Interestingly,
only serial measurements of sST2 demonstrated incremental value in
reclassifying patients. Finally, we had data from own institution to go
on (Figure 6). We reported on 588 outpatients who were referred
for echocardiography. High sST2 levels were independently associ-
ated with 1-year mortality, even among the subgroup of 429 patients
with no history of HF. Importantly, no patient with an ST2 value
below the median levels died in the first 6 months of follow-up

Sampling sST2 in the clinic depends on assay precision as well as
the variability of the test result within the same patient. This biological
variation of sST2 was recently assessed by Wu et al'’. The study
included 17 healthy subjects over a period of 8 weeks. They found
that the reference change value for ST2 was 30%, much lower than
observed with galectin-3 (60%) or NT-proBNP (92%). The index of
individuality (a measure to evaluate whether serial measurements add
significantly to a single assessment) for ST2 was 0.25, suggesting value
from serial measurements. In comparison, the same index for galectin-
3 was 1.0, indicating that galectin-3 is useless for serial measurements.
These data suggest that soluble sST2 is a potential biomarker for mon-
itoring and possibly guiding therapy in patients with HF.

A cut point of 35 ng/ml appears to
separate high-risk from low-risk
patients

A number of studies all point to this level as the proverbial ‘magic
number’ to strive for, much the same way we strive for NT-proBNP
levels < 1000 pg/ml and BNP levels < 100 pg/ml. Januzzi et al deter-
mined in the PROTECT trial that the more time a patient spent with
levels > 35 ng/ml the more cardiac remodelling was felt to occur.*® In
the Valsartan Heart Failure Trial (VAL-HeFT) an increase in sST2
concentrations from baseline to 12 months was an excellent predic-
tor of events.”! Finally, the effects of medications on sST2 serial meas-
urements in the PROTECT study were assessed.*> Those with
elevated baseline sST2 concentrations who achieved higher beta-
blocker doses had significantly lower risk of events than those titrated
to lower beta-blocker dose. Those with low ST2 levels and high
beta-blocker doses experienced the lowest rate of events.

Examples of sST2 and BNP in our
outpatient clinic
Figure 7 demonstrates cases followed in our outpatient clinic

Patient H. This is a patient whose discharge sST2 level was
extremely high. He was placed on high doses of beta-blocker and
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Figure 6 Survival of patients referred for echocardiography based on sST2 and BNP.

hydralazine was started. His sST2 level has dropped significantly and
within that time period did not have a readmission.

Patient K demonstrates a patient who had a low sST?2 at discharge
and this stayed low on medical treatment, with no readmissions in
the next year. The BNP level remained high.

Patient C: This was a previously stable patient who recently decom-
pensated with a doubling of sST2. He was admitted two days later, at
which time Entresto was added. He stabilized and his sST2 decreased.

Patient B: We were unable to increase medications due to hypo-
tension. The BNP level dropped but the sST2 remained high. In five
months he had three admissions from clinic and then died.

Lessons learned using sST2 in
ambulatory heart failure clinic

(1) sST2 levels measured in the outpatient setting, will decrease as
effective treatment is added.

(2) A level <35ng/ml or a response of > 50% decrease appears to be
associated with improvement in symptoms and prognosis

(3) High sST2 levels in the outpatient setting are predictive of events,
even when NP levels are low.

The future of sST2 levels

If sST2 indeed turns into the HbAc of heart failure, its value should
increase exponentially in our management of patients with heart fail-
ure. Serial sST2 levels should allow us to titrate therapy and monitor

the clinical state of the patient. In addition, since sST2 is such a strong
marker of the risk of death, it would not be surprising to see a level
be used to make decisions when patients are on the cusp of such
therapies as ICD, CRT, CardioMems implantation and even left ven-
tricular assist devices.

A discussion about the use of biomarkers would not be complete
without mentioning the issue of surrogates for determining the ther-
apy effectiveness of some of the newer heart failure drugs. Novartis’s
Entresto®, the brand name for its recently CE marked and FDA
approved ARNI1 drug (previously known as LCZ696) and Servier’s
ivabradine drug Corlanor® (marketed by Amgen in the USA), also CE
marked and FDA approved, while offering exciting potential benefits
to heart failure patients—even being hailed ‘game-changer’ drugs by
some—raises the thorny issue of cost vs. benefit. These new drugs
are several times the cost of the generics that have become the main-
stay of heart failure treatment, i.e. ACE inhibitors, angiotensin recep-
tor blocker (ARBs), beta-blockers, etc. Pushback is therefore
expected from payers.

Because sST2 changes rapidly with the underlying condition of the
patient, is not affected by normal confounding factors, and has a single
cut point, it may be ideally suited to help clinicians determine if these
newer mediations are effective for each patient, are improving quality
of life, and whether dosing needs to be titrated or changed.

The new reality of heart failure care is that while more treatment
options have opened up, which can literally be a lifesaver for millions
of patients, the burden on healthcare systems has skyrocketed.
Biomarkers, and particularly sST2, could offer physicians and payers a
way to bring treatment down to an individual patient level, providing

/T0Z ‘T Afenuer uo 1s9nb Aq /B10°seulnolpioxo’ ieayne//:dny wody papeojumoq


Deleted Text: ,
Deleted Text: .S.
Deleted Text:  &ndash; 
Deleted Text:  &ndash; 
Deleted Text: versus 
Deleted Text: ,
http://eurheartj.oxfordjournals.org/

A.S. Maisel and S. Disomma

Patient: H

120 -

%wu ver Qo Year
£

Notmal ST2 level {35 ng/mL)

ST2 Concentration Level

1214 (Adm)  3-15(Clin)  815(Clin)  4-16(Clin)
Date

Patient: C

go
1
40 Normal ST2 kevel (05 ng/ml)
e g
G201 28 30 1
ﬁ { 0.5
0+ 0

6-15(Clin)  3-16(Clin)  3-16 (Adm)  4-16 (Clin)
Date

Patient: K

400
-iﬂﬂ 1 350 g
£ 00 B
60 -
g i zsu:g
-~ eadmissi 5
40 1 Normal ST2 level (35 ng/mL} 200 -ST2
150 § e==BNP
Ay | ;l\’—. 1003
g

19 18 - 50
0~ - - . Lo
1-15 (Hosp. D/C) 3-15 (Clin) 1-16 (Clin)

Date

g
~1

661

2

2

61 61

Normal T2 level (35 ng/mL) 1 3005 <“#-BNP

v
S
Ci

ST2 Concentration Level (ng/mL)
]
g
o

ol s A " ’ |
715 (Adm)  815(Adm)  11-15(Adm)  12-15 (Died)
Date

Figure 7 Examples of ST2 monitoring during therapy.

good, affordable care to those in need and can benefit from these
breakthroughs. For that and the many real-world examples shown
above, sST2 has a very bright future in heart failure care.

Conflict of interest: AM. Consultant: Alere, Critical Diagnostics,
Sphingotec, Astute, Roche, ThermoFisher. S.D.: Assut, Novartis,
Alere, Adrenomed, Spingothec, ThermoFisher.

References
1. Maisel A. Biomonitoring and biomarker-guided therapy: the next step in heart
failure and biomarker research. | Amer Coll Cardiol 2011;58:1890-1892.

2. Maisel AS, McCord J, Nowak RM, Hollander JE, Wu AH, Duc P, Omland T,HC,
Storrow AB, Krishnaswamy P, Abraham WT, Clopton P, Steg G, Aumont MC,
Westheim A, Knudsen CW, Perez A, Kamin R, Kazanegra R, Herrmann HC,
McCullough PA. Breathing Not Properly Multinational Study Investigators.
Bedside B-type natriuretic peptide in the emergency diagnosis of heart failure
with reduced or preserved ejection fraction. Results from the Breathing Not
Properly Multinational Study. | Amer Coll Cardiol 2003;41:2010-2017.

. Maisel A, Krishnaswamy P, Nowak RM, McCord J, Hollander JE, Duc P, Omland

T, Storrow AB, Abraham WT, Wu AHB, Clopton P, Steg PG, Westheim A,

Knudsen CW, Perez A, Kazanegra R, Herrmann HC, McCullough PA. Rapid

measurement of B-type natriuretic peptide in the emergency diagnosis of heart

failure. NEJM 2002;347:161-167.

Maisel A, Mueller C, Adams K, Anker SD, Aspromonte N, Cleland G, Cohen-

Solal A, Dahlstrom U, DeMaria A, Di Somma S, Filippatos GS, Fonarow GC,

w

&

Jourdain P, Komajad M, Liu PP, McDonagh T, McDonald K, Mebazaa A,
Nieminen MS, Peacock WF, Tubaro M, Valle R, Vanderhyden M, Yancy CW,
Zannad F, Brunwald E. State of the art: using natriuretic peptide levels in clinical
practice. Eur | Heart Fail 2008;10:824-839.

. Daniels LB, Maisel AS. Natriuretic peptides as diagnostic test: lessons from the

first 5 years of clinical application. Heart Fail Clin 2006;2:299-309.

Maisel AS, Peacock WF, McMullin N, Jesse R, Fonarow GC, Wynne |, Mills RM.

Timing of immunoreactive B-type natriuretic peptide levels and treatment delay

in acute decompensated heart failure: an ADHERE (Acute Decompensated

Heart Failure National Registry) analysis. | Amer Coll Cardiol 2008;52:534-540.

7. Xue Y, Clopton P, Peacock WF, Maisel AS. Serial changes in high-sensitive tropo-

nin | predict outcome in patients with decompensated heart failure. Eur | Heart

Fail 2011;13:37-42.

Januzzi JL Jr, Filippatos G, Nieminen M, Gheorghiade M. Troponin elevation in

patients with heart failure: on behalf of the third Universal Definition of

Myocardial Infarction Global Task Force: Heart Failure Section. Eur Heart |

2012;33:2265-2271.

Peacock WF, De Marco T, Fonarow GC, Diercks D, Wynne |, Apple FS, Wu

AH, ADHERE Investigators, Cardiac troponin and outcome in acute heart fail-

ure. N Eng | Med 2008;358:2117-2126.

10. Schuetz P, Mueller B. The role of immune and metabolic biomarkers for
improved management of sepsis patients. Expert Rev Clin  Immunol
2014;10:1255-1262. doi: 10.1586/1744666X.2014.932250. Epub 2014 Jul 29.

. Schuetz P, Balk R, Briel M, Kutz A, Christ-Crain M, Stolz D, Bouadma L, Wolff
M, Kristoffersen KB, Wei L, Burkhardt O, Welte T, Schroeder S, Nobre V,
Tamm M, Bhatnagar N, Bucher HC, Luyt CE, Chastre |, Tubach F, Mueller B,
Lacey MJ, Ohsfeldt RL, Scheibling CM, Schneider JE. Economic evaluation of

(S}

o

©

o

-
-

/T0Z ‘T Afenuer uo 1s9nb Aq /B1osfeulnolp.lo)xo: feayins//:dny wodj papeojumoq


Deleted Text: Disclosures:
http://eurheartj.oxfordjournals.org/

A case for soluble suppression of tumorigenicity 2 (sST2)

20.

21.

22.

23.

procalcitonin-guided antibiotic therapy in acute respiratory infections: a US
health system perspective. Clin Chem Lab Med 2015;53:583-592. doi: 10.1515/
cclm-2014-1015.

. Maisel A, Neath SX, Landsberg ), Mueller C, Nowak RM, Peacock WF,

Ponikowski P, Méckel M, Hogan C, Wu AH, Richards M, Clopton P, Filippatos
GS, Di Somma S, Anand |, Ng LL, Daniels LB, Christenson RH, Potocki M,
McCord ], Terracciano G, Hartmann O, Bergmann A, Morgenthaler NG, Anker
SD. Use of procalcitonin for the diagnosis of pneumonia in patients presenting
with a chief complaint of dyspnoea: results from the BACH (Biomarkers in
Acute Heart Failure) trial. Eur | Heart Fail 2012;14:278-286.

. Daniels LB, Bayes-Genis A. Using ST2 in cardiovascular patients: a review. Fute

Cardiol 2014; 10: 525-539.

. Muelller T, Zimmerman M, Dieplinger B, Ankersmit HF, Haltmayer M.

Comparison of plasma concentrations of soluble ST2 measured by three differ-
ent commercially abalible assays: the MBL ST2 assay, the Presage ST2 assay and
the R and D ST2 assay. Clin Chim Acta 2012;413:1493-1494.

. Pascual-Figal DA, Januzzi JL. The biology of ST2: The International ST2

Consensus Panel. Am | Cardiol 2015;115[suppl]:3B—7B.

. Tominaga S. A putative protein of a growth specific cDNA from BALB/c-3T3

cells is highly similar to the extracellular portion of mouse interleukin 1 receptor.
FEBS Lett 1989;258:301-304.

. Weinberg EO, Shimpo M, De Keulenaer GW, MacGillivray C, Tominaga S,

Solomon SD, Rouleau JL, Lee RT. Expression and regulation of ST2, an
interleukin-1 receptor family member, in cardiomyocytes and myocardial infarc-
tion. Circulation 2002;106:2961-2966.

. Schmitz J, Owyang A, Oldham E, Song Y, Murphy E, McClanahan TK, Zurawski

G, Moshrefi M, Qin ], Li X, Gorman DM, Bazan JF, Kastelein RA. IL-33, an
interleukin-1-like cytokyne that signals via the IL-1 receptor-related protein ST2
and induces T helper type 2-associated cytokynes. Immunity 2005;23:479-490.

. Wu AH, Wians F, Jaffe A. Biologic variation of galectin-3 and soluble ST2 for

chronic Health failure: implication on interpretation of test results. Am Heart |
2013;165:995-999.

Anand IS, Rector TS, Kuskowski M, Snider J, Cohn JN. Prognostic value of solu-
ble ST2 in the Valsartan Heart Failure trial. Circ Heart Fail 2014;7:418-426.
Januzzi JL Jr, Peacock WF, Maisel AS, Chae CU, Jesse RL, Baggish AL, O’Donoghue
M, Sakhuja R, Chen AA, van Kimmenade RR, Lewandrowski KB, Lloyd-Jones DM,
Wu AH. Measurement of the interleukin family member ST2 in patients with acute
dyspnea: results from the PRIDE (Pro-Brain Natriuretic Peptide Investigation of
Dyspnea in the Emergency Department) Study. | Am Coll Cardiol 2007;50:607—613.
Lassus J, Gayat E, Mueller C, Peacock WF, Spinar J, Harjola VP, van Kimmenade
R, Pathak A, Mueller T, Disomma S, Metra S, Pascual-Figal D, Laribi S, Logeart D,
Nouira S, Sato N, Potocki M, Parenica |, Collet C, Cohen-Solal A, Januzzi JL r,
Mebazaa A, GREAT-Network. Incremental value of biomarkers to clinical varia-
bles for mortality prediction in acutely decompensated heart failure: the
Multinational Observational Cohort on acute heart failure (MOCA) Study. Int |
Cardiol 2013;168:2186-2194.

Maisel AS, Richards AM, Pascual-Figual D, Mueller C. Serial ST2 testing in hospi-
talized patients with acute heart failure. Am J Cardiol 2015;105[suppl]:32B-37B.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34

35.

36.

37.

Manzano-Ferndndez S, Januzzi JL, Pastor-Pérez FJ, Bonaque-Gonzales |C,
Boronat-Garcia M, Pascual-Figal DA. Serial monitoring of soluble interleukin
family member ST2 in patients with acutely decompensated heart failure.
Cardiology 2012;122:158-166.

Breidthardt T, Balmelli C, Twenrenbold R, Mosimann T, Espinola ], Haaf P,
Thalmann G, Moehring B, Mueller M, Meller B, Reichlin T, Murray K, Ziller R,
Benkert P, Osswald S, Haaf P, Mueller C. Heart failure therapy-induced early
ST2 changes may offer long-term therapy guidance. | Card Fail 2013;19:821-828.
Mueller T, Dieplinger B. The Presage ST2 Assay: analytical conidertation and clin-
ical applications for a high-sensitivity assay for measurement of soluble ST2.
Expert Rev Mol. Diagn 2013;13:1-18.

Rifai N, Watson ID, Miller WG. Commercial Immunoassays in biomarkers stud-
ies: researchers beward!. Clin Chem 2012;58: 1387-1388.

Felker GM, Ahmad T, Anstrom K], Adams KF, Cooper LS, Ezekowitz JA, Fiuzat
M, Houston-Miller N, Januzzi JL, Leifer ES, Mark DB, Desvigne-Nickens P,
Paynter G, Pifa IL, Whellan DJ, O’Connor CM.Rationale and design of the
GUIDE-IT study: Guiding Evidence Based Therapy Using Biomarker Intensified
Treatment in Heart Failure. JACC Heart Fail 2014;2:457-65. doi: 10.1016/
jjchf.2014.05.007.

Daniels LB, Bayes-Genis A. Using ST2 in cardiovascular patients: a review. Future
Cardiol 2014;10:525-539. doi: 10.2217/fca.14.36. Review.

Broch K, Ueland T, Nymo SH, Kjekshus J, Hulthe |, Muntendam P, McMurray ),
Wikstrand ], Cleland ]G, Aukrust P, Gullestad L. Soluble ST2 is associated with
adverse outcome in patients with heart failure of ischaemic aetiology. Eur | Heart
Fail 2012;14:268-277.

Gruson D, Lepoutre T, Ahn SA, Rousseau MF. Increased soluble ST2 is a
stronger predictor of long-term cardiovascular death than natriuretic peptides
in heart failure patients with reduced ejection fraction. Int | Cardiol
2014;172:e250—e252.

Daniels LB, Clopton P, Igbal N, Tran K, Maisel AS. Association of ST2 levels with
cardiac structure and function and mortality in outpatients. Am Heart |
2010;160:721-728.

Bayes-Genis A, Zhang Y, Ky B. St2 and patient prognosis in chronic heart failure.
Am | Cardiol 2015;115[suppl]:64B—69B.

Gagging HK, Szymonifka |, Bhardwaj A, Belcher A, De Berardinis B, Motiwala S,
Wang TJ, Januzzi JL Jr. Head-to-head comparison of serial soluble ST2, growth
differentiation factor-15, and highly-sensitivity troponin T measurements in
patients with chronic heart failure. JACC Heart Fail 2014;2:65-72.

Bayes-Genis A, De Antonio M, Villa ], Penafiel J, Galan A, Barallat }, Zamora E,
Urrutia A, Lupdn ). Head-to-head comparison of 2 myocardial fibrosis bio-
markers for long-term heart failure risk stratification: ST2 versus galectine-3. |
Am Coll Cardiol 2014;63:158—166.

Bayes-Genis A, Zamora E, De Antonio M, Galan A, Villa J, Urritia A, Diez C, Coll
R, Altimir S, Lupén J. Soluble ST2 serum concentration and renal function in
heart failure. | Card Fail 2013;19:768-775.

Miller WL, Saenger AK, Grill DE, Slusser JP, Bayes-Genis A, Jaffe AS. Prognostic
value of serial measurements of sST2 and Galectin3 in ambulatory chronic heart
Failure patients. | Card Fail 2016;22:249-255.

/T0Z ‘T Afenuer uo 1s9nb Aq /B10°seulnolpioxo’ ieayne//:dny wody papeojumoq


http://eurheartj.oxfordjournals.org/

