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Soluble suppression of tumorigenicity-2 (sST2) is a biomarker widely investigated during the last few years. Its
role has become clear in pathological conditions such as fibrosis and inflammation. From translational research
to laboratory medicine, considerable efforts have been made to elucidate the features of sST2 biomarker and to
consider its contribution to HF management. In this review, we summarized the results from recent works
concerning sST2, and particularly we focused on the interest of sST2 in conditions for which classical biomarkers
value interpretation is misleading. Indeed, despite other HF biomarkers, sST2 was proved to be independent
from common comorbidities such as renal dysfunction and hypertension. Thus, sST2 showed promise for a
combined strategy with natriuretic peptides, mainly for specific categories of patients. Particular attention was
paid to findings on sST2 in HF with preserved ejection fraction (HFpEF), a form of HF for which reliable and
specific biomarkers are awaited. Finally, a place is reserved to sST2 kinetics from basal to follow up values in
order to improve clinical decision making and to customize patient treatments.

1. Introduction

The role of soluble suppression of tumorigenicity-2 receptor (sST2)
in inflammation and fibrosis has been well defined, but its contribution
as a biomarker in the diagnosis and prognosis of heart failure (HF) has
yet to be elucidated [1,2]. In 2016, the European Society of Cardiology
(ESC) deemed research on sST2 and other novel HF biomarkers in-
conclusive for utility in clinical practice. The plasma concentration of
natriuretic peptides (NPs) is the most widely used laboratory test for the
HF initial diagnosis (class IIa, level C). Nevertheless, a multimarker
approach is more informative than a single biomarker approach [3].
The latest ACC/AHA guidelines from April 2017 and AHA statement
from the same year focused on biomarkers in the prevention, assess-
ment, and management of HF. Biomarkers of myocardial fibrosis, such
as sST2, galectin-3 (Gal-3), and high-sensitivity cardiac troponin (hs-
cTn), are considered mainly predictive of hospitalization and death in
HF patients and additive to NPs in their prognostic value [4-6]. Those
findings raised interest in alternative biomarkers 1/ to add com-
plementary information to NP markers and 2/ to better stratify the risk
in specific subpopulations of HF patients. Finally, in the comprehensive
update of the Canadian Cardiovascular Society guidelines for the
management of heart failure (August 2017), sST2 is responsible for
providing additional value for short- and long-term prognosis, regard-
less of the left ventricular ejection fraction (LVEF) [7,8]. Moreover, the

usefulness of sST2 value to adapt therapies to improve clinical out-
comes was underlined [9]. In the same year, two meta-analyses by Aimo
et al. provided exhaustive studies supporting the predictive value of
sST2 in patients with both acute (AHF) or chronic heart failure (CHF)
[10,11].

This review aimed to examine the impact of the sST2 biomarker in
improving the medical care of several HF subpopulations with common
comorbidities (renal disease, hypertension, or metabolic disorders) as
well as the elderly population. Additionally, increasing evidence has
supported the concept that the value of sST2 over other HF biomarkers
was that sST2 is independent of other factors such as arterial hy-
pertension, renal dysfunction, obesity, or age, both in the case of a
single or a serial measurement strategy [12]. Consistently, patients
classified as having HF with a preserved ejection fraction (HFpEF) are
commonly older than HF patients with a reduced ejection fraction
(EF < 50%) (HFrEF) and often with comorbidities [13,14]. The role of
sST2 in HFpEF, comorbidities, and the proinflammatory state triad is
thus becoming clear. We also focused on the sST2 strategy for HF serial
measurements for the prognosis and guided therapy with more studies
leading to improved clinical decision making and customized patient
treatments [15]. The on-going clinical studies on sST2 conducted
globally are listed in Table 1.



*SepIUTUIRS0dN[D-J-¢-1A190y-N = DYN ‘urfesodr] pajenossy aseuneen mydonnaN = TVON [-103qryul
J01eATDY uadourwse]d = [-[Vd ‘UIQUOIYLNUY-UIqUOIY], = LV.I ‘Uone[ql] [BIMY = JV injred 1Ieay pajesuadwiodsq amdy = JHAV Opnded dnamineN = dN ‘I9y20[q 103dedal JI uIsuslolsuy = gy ‘1031qry
-ur ursA[ridsu-103dedas uisusjordue = INYY ‘AydoniadAH Jemornusp 130T 2AISUSIIRdAH padueApY = HATHV UONDIRJU] [RIPIBIOAN = [N ‘UONBAS[H LS UONDIRJU] [BIPIBIOAIA 9INOY = JINFLS ‘UOIIUSAIDIU] AIRUOIOD)
SNOdUBINIIDG = [Dd ‘SOSeasI Je[NISeAOIpIR) = (D ‘040D [eUOneAIaSqQ dA1dadsonay = DOY ‘£ urejoad Surpuiq-1019e] [ImoI8 NI[-UInsu] = £dd-1D] ‘9 URMILIIU] = 9-T] ‘uajoxd aAnoea1-D) ANANISULS-YSIH = 49D
-SH ‘] 9Seun[-dUuISOIA} INI[-SWJ 9[qN[0S/101oe UIMOID [RIUDR[d = [-I[AS/ADId ST J0I0BJ UONBNUARPIJ YIMOID = GI-IdD ‘Z-UNI0d0IN = g-NDN ‘JI-ursusloiduy = g-Ly ‘Sururer], rearojur Aysusul-ySiq = LIH
‘uonoer uondafy paatssaxd yIm ainjre] 1esH = JAdJH ‘ureloid Surpurg pry Aned-11esH = dgvi-H ‘v 2d4) 1eyodsuel], asoon(n = $-LNTO" ¢ [ JenModsuel], asoon[n = [-LNTO OSeun aunear) = ) ‘I uruodoi],
LUl ui], uiquoiy], = LI ‘@soon[8 pooig Sunsed = 3gq ‘ow], unse[doquioIy], [enied pajeAldY = LIV WIL UIqQWOIold = ILd ‘€-und9en = g¢-fen ‘uoisuaindAy doig o1 seyoeoiddy Arepiq = HSVA ¢ 1104oD
[euoneAIasqQ 2ANdso1d = DO PIn[red WeaH pasueApy = JHV 101dedar g-Awmuadiown], jo uoissarddng aiqnjos = z1Ss opnded dnaiineN urelg oxd-feurutd], N = dNG0Id-IN ‘[eLL], PI[[0IIu0) paziwopuey = 1Dy

a3reyosIp 19)e
sypuow 9—T pue 931eYdSIp 10 LABP 01 SuI[aseq

ea10Y jo d1qnday

AV pue JHAV Ul siaylewolq

wolj 28ueyd HYN “TYON ‘D uneskd ‘g-jen (IV-AH [NO3S SUDIPI JO oY) uo jstuoejue Y urwelA paisnipe
Sunmiday ‘TLSS ‘ANF0Id-IN ‘ddDsY ‘T-IVd Xo[dwod LVI  VMA 'SA UBQEXOIRATY 0ST avoy) uado 10y 9331100 AJIsIPAIUN 1BSUOX  $66067E0ION -9S0p SNSISA AJIEp 90UO UBQEXOIRATY  AJ9Jes jusuneal],
(Apmas uoneA’[d
SUIUOW QT ‘SYRUOU 6 ‘SUI[oseq 0qgaoerd 1o HT1GVIVd 9YL) pue[aI] ‘urgng dN im syuened Ut gIv [pIm INYY
umowyun wolj (Z-1SS) SIS0IqY Jo sIoyIew Ul 98ueyD  UBIIBS[BA 'SA 969ZDT 0SZ pur[q a[qnop ‘1O4 ‘Te1dsoH SJeRYIIN IS 614C89C0IDN  Jo uosireduwiod aandadsoid pazijeuosisd
uoneIspag $109jJ9 [RIOWNYOINAU
uRISSNY ‘MODJSOIN pue druwreuApowsey ‘[edrur)
Bunmioax Julaseq e pue JuI[aseq JI9)Je SYOIM g ‘A3o[o1pIED 10J I2IUD 49dIH pue HATHY M sjusned
194 10N us9MI3q S[2A9] ewse[d Z1Ss Ul dUIRYIA  [Ldefeuy ‘sa 96970 09 uado [DY  YdIeasay [edIPIN [BUONEN  8ST8TEE0LON ur (969ZDT) UelMES[EA/[INIqNOES Aderayy, Sniq
pue[[od ‘eIsafis jo piem £S0[OIpIed [RUOIIUSAIIUL
Sunmmnay A[rely 10j I¥IRW B SE TISS 000T D0d  AusipAmu( [EDIPAIN dZIqRZ  +TH60ZE0LON jo @anoexd Afrep ur sworpuds Ajrery
UOTIUSAIDIUT SA[BA JTIIOR Idjje
sowodIno 3unorpaid ur sisousls dnIoe
ST epeue) 92qand) ur ATy pue s1yIewolq Suneman
SunmIddy  -AdD ‘d¥D-SY ‘TLSS ‘LUL-SY ‘ANGOId-IN JO S[oAdT 0Sy 00d IMNsu] 11e9H [BSNUON  0Z99S8TO.LON ‘SOIUBYIW JBIPIEI JO I[O1 DY
1e94-T 16 Ajeriown ‘Teak -1 18 4H 01 anp
UOISSIWIPEAI JO 9Bl ‘TBdA-T I JIA JO 9DULINJAI BUIYD TNELS YIm [Dd Arewrad
Sunmidoy JO 91BI ‘TBIA-T JE SISOUS]SAI JUIIS JO Y 1Dd Arewrig 00S DOd ‘TendsoH 11esH ISy UBUNM  £IZ0E8TOION  Sularedai sjusned ur gISs Jo uonenjeay
ap Jjo sisouderp
ao jo sisouderp pue uondipaid ay3 03 uemre], pue uondipaxd a3 01 uonedrdde
paedwon  uonedrjdde sieyrewolq 3y} Uo Apms [RUOTIR[S1IOD Aydeidouoiop 0zI D0d ‘Tendsoq £A11D _A1eL  /$064120.ION SI9)IBWOIq Y} U0 Apnis [RUOIIR[OLI0D
6102 9Y01IS PUB SJUSAS dRIpPILD Ayrerrownqiow wird) Suof uo A1a8ins
Amr e pus o],  ‘uonesiferrdsoyai jo IequinN el Aferiour Ieak [ 8ST D04 Qouely ‘TIPAIUON NHD  £9//Z88ES0IDN JeIpIED U ZISS JO anfea snsoudoid uondIpald
£dd
491 pue 9-TI ‘d4D-SH ‘T-}4S/4D1d ‘T-ul[eyropuyg
-31g ‘undado) ‘ST1-4aD ‘€-[eD ‘TISS ‘unuodoansQ
Bunmidax ‘Z-NDN C-1V ‘Qurual ‘gNgoid-IN ‘sypem g1 01 pUB[IZ}IMS :syuaned gadgH J0j £391ens Jusunean
194 JON  aur[aseq Je s1ayIewolq dy1dads-aseasip ur adueyd oIed [ensn ‘sA LIH 86 puriq o[3uts 10y ‘[osed [eIdSOH AJISIDATUN  TISHSTSO.LION se ururer [earajul Asualul-ySiy
‘SYIUOW ¢ PUR JUI[PSeq Ua9MID] dgVA BUIYD
-H ‘10719 ‘T-10TD 9D ‘Lul ‘LL 8gd ‘L1dv 0gaded ‘sa DNIddTHAd ‘UBUSH ‘QUIDIPIW ISaUIYD QuIoIpuAs sisels pooiq
Sunmiay ‘Ld ‘€-[eD ‘TLSS Jo sfad] eurse[d ur duAIRYIA 10IA NFHSIO 08T pul[q d[qnop ‘LoY [eUONIPEIL, JO ANSIATU()  6E9SL8COLON  PUB ADUSDYP I JO YdIeasaI [BIIUID
SIdIeU JY) JO U0
Se papn[aul SI ZISS — S}I9M 9 ‘SoaM ¢ ‘QuI[aseq VSN 9un yoreasay syuaned JHV UI SIIEUW JI[0qeIaWOoIpIed
Je aseyd UOIIUSAILIUI J9IP HSVA pue uoneiqijed [euone[sue1], pue [ed1ur) uo wsped Sunes uorsusladAy
SuNMIdYY  UIIMID] S[DAS] JIBUI DI[OGRIDWOIPIED Ul d3URy)  wIed 3uned HSVA 0€ D0d e18109D JO AJSIATUN  0668ESE0LON dois 03 saydeoxdde Aresip jo 10959
(8w 0z)
ZISs ‘dNgoid-IN ‘[ern UTJBISBANSOY ‘SA 1dA87 syuoned JH uo sunels
3unmidey  Jo pus 0] dur[eseq woly d3ueyd sINIeW deipie)  (Sw Of) UNBISBAIO)Y 09 uado ‘1DY ‘AIISIDATUN SWeYS UIY  $H0SSCE0ION  o1rydospAy sa orrydodif jo uostreduio) UuonuUIAIJ
snjels SawodINQ UOTIUSAIIU]  JUSWI[OIUT sonsLRdRIRYD uonmusuy N IDN SPIL odAy,

*Z1SS uo sarpnis [earur uro8-uQ
1 91qelL

121



2. Biological variability of sST2 and analytical concerns

Knowledge about the biological variability, as well as the mea-
surement system performance of biomarkers, is necessary to identify
significant changes in the state of patients during follow up. Thus, the
concept of reference change values (RCVs) combining within-subject
biological variation and analytical variation is the most appropriate. A
biomarker with low biological variability and an index of in-
dividuality < 0.6 allows the consideration of clinically relevant minor
changes in marker measurements, and it is more suitable to monitor
patients serially [16,17]. Previous studies on healthy subjects reported
RCVs of sST2 lower (close to 30%) than those of NPs, notably 60% for
N-terminal-pro brain natriuretic peptide (NT-proBNP) and 90% for
brain natriuretic peptide (BNP) [18]. In CHF patients, the RCV of sST2
remained lower than that of BNP (43% vs. 105%, respectively), and
they were similar in different studies. Furthermore, the index of in-
dividuality was determined to be close to 0.25 for sST2, 0.91 and 1.01
for NT-proBNP and galectin-3 (Gal-3), respectively [19,20]. With low
RCVs and individuality index values, sST2 seems to be the best candi-
date for monitoring and guided therapy. To date, four commercial as-
says to measure sST2 have been mostly used: the MBL assay (Siemens,
Saint Denis, France), R&D ELISA kit (R&D Systems, Minneapolis, MN,
USA), Presage ELISA kit (Critical Diagnostics, San Diego, CA, USA) and
Aspect Plus assay on Aspect Plus reader point of care (Critical Diag-
nostics, San Diego, CA, USA). Although it is difficult to determine which
kit is superior, the lack of concordance between assays complicates
clinical interpretation and comparison. The main problem among
commercially available ELISA Kkits is related to standards that are dif-
ferent in content and purity. Some kits use cell lysate preparations,
whereas others use purified proteins. Additionally, the ratio of available
epitopes to the mass of protein might vary with each purification of the
standard during production processes. On the other hand, the epitopes
recognized by anti-sST2 monoclonal antibodies are not the same in the
different ELISA kits. Therefore, to date, no supporting evidence exists to
measure “free sST2”, “complexed sST2” or both [16]. The sST2 level is
widely measured using the Presage ST2 assay, which is the only method
cleared by U.S. Food and Drug Administration (FDA) and labeled with
the CE (Conformitée Européenne) mark. Several studies have demon-
strated that the results from the newly developed Aspect Plus ST2 rapid
test and Presage ST2 ELISA assay were well correlated at the proposed
cut-off value of 35ng/mL [21,22]. This was expected because the two
systems used the same monoclonal antibody with the difference that the
ASPECT-PLUS ST2 Test is based on the sandwich monoclonal lateral
flow immunoassay (LFI). This technology allows us to deliver a result in
approximately 20 min with within-run and total imprecision CVs <
17%, entirely adequate for the point-of-care format. While waiting for
automatization of this parameter, the Aspect Plus system appears today
to be the most adapted for bedside results and clinical practice.

3. sST2 and limitations of classical HF biomarkers

Evidence of noncardiac causes increasing the NP value and com-
plicating the interpretation for the diagnosis and prognosis of cardio-
vascular outcomes has enhanced the interest in other biomarkers. It has
emerged from several studies that sST2 is not influenced by age [23,24]
or comorbidities such as renal dysfunction, which remain major biases
for the interpretation of NP [25-27]. Furthermore, other confounding
factors—e.g., inflammation state, hypertension, or metabolic dysfunc-
tions—play an essential role in establishing the best biomarker strategy
to adopt (Table 2) [28].

In a study recruiting patients with HF and other extracardiac
pathologies, sST2 and other inflammation biomarkers (growth differ-
entiation factor (GDF)-15, Gal-3) could not discriminate HF from
pneumonia, chronic obstructive pulmonary disease (COPD) or sepsis.
The concentration of sST2 increased considerably in patients with HF as
well as in those with pneumonia, COPD, or sepsis only. An even higher

increase in the sST2 value was observed for the group of patients with
both HF and pneumonia and those with HF and sepsis with median
plasma concentrations 53-fold and ~70-fold higher, respectively, than
that of healthy subjects. Interestingly, no relevant difference was found
in the sST2 concentration between healthy controls and patients with
renal disease (p = 0.065) [29]. This result confirmed that the sST2
biomarker is merely specific in the presence of inflammation-associated
illnesses such as sepsis, pneumonia or COPD, and other biomarkers such
as NT-proBNP are more adequate in the diagnosis of those associated
HF pathologies. Nevertheless, as discussed later in this review, the in-
flammation state is part of HF pathology (e.g., HFpEF), and sST2 seems
to be well positioned to reflect the pathology progression and provide
complementary information on prediction and monitoring. Moreover,
sST2 was recently investigated among other novel biomarkers (GDF-15,
soluble urokinase plasminogen activator receptor (suPAR) and heart-
type fatty-acid binding protein (H-FABP)) for the diagnosis of patients
with CHF associated with ischemic and dilated cardiomyopathy. The
sST2 level was increased in both categories of patients compared with
controls, whereas no significant correlation was found with the age,
arterial hypertension, and estimated glomerular filtration rate (eGFR).
Finally, a clear increase in biomarkers, including sST2, was demon-
strated according to the HF severity estimated by NYHA stage [30]. In
line with these findings, Bayes-Genis et al. reported on patients with
both renal dysfunction and HF at different severity stages. Although at
very low eGFR, the sST2 serum concentration tended to increase (r = -
0.09; p < 0.006 in multivariate correlation analysis), NT-proBNP
showed more remarkable correlation (r = —0.37, p < 0.001). Indeed,
for more severe HF (NYHA functional class III-IV), sST2 appeared to be
less related to renal function than NT-proBNP and, thus, was the pre-
ferential marker to use [25]. More recently, Plawecki et al. confirmed
the independence of sST2 from eGFR and age and included sST2 in a
multimarker strategy for cardiovascular (CV) risk stratification of
nondialyzed chronic kidney disease (CKD) patients [31]. End-stage
renal disease (ESRD) is a major issue in public health and is often as-
sociated with HF in these patients. Thus, the correct combination of
biomarkers is important to discriminate hemodialyzed (HD) patients at
high risk of future cardiovascular events from the others. A combina-
tion of cardiac biomarkers (cTnl and NT-proBNP) in association with
the inflammatory marker C-reactive protein (CRP) was proven to pre-
dict cardiovascular risk in HD patients within two years, and the results
showed a good prognostic value of these markers for the short-term
follow up [32]. More recently, sST2 and Gal-3 provided independent
and incremental prognostic values in HD patients when using different
statistical models to predict all-cause death [33]. Unlike sST2 protein
(48 kDa), NT-proBNP is a small molecule (8.4kDa) filtered by the
glomerulus that was influenced by alterations in GFR or hemodialysis
filtration (HDF) treatments. The lack of a significant difference in the
sST2 plasma concentration before and after HDF confirmed the interest
of this biomarker for ESRD patients [34]. Furthermore, the promising
role of the sST2 biomarker was demonstrated in a cohort of hyperten-
sive HF patients (77 subjects) showing a good correlation between sST2
and several echocardiography indicators. Although this finding needs to
be confirmed in a larger cohort, sST2 was a better circulating biomarker
than NT-proBNP in assessing HF secondary to hypertensive heart dis-
ease [35]. Notably, sST2 provided a diagnostic aid of stable HF in hy-
pertensive patients despite NT-proBNP, mainly contributing to diastolic
abnormality information [36]. The independence of diabetes mellitus,
as well as elderly and metabolic disorders, were all investigated to
improve the risk of death prediction in the HF subpopulation. However,
to our knowledge, the results are not always in agreement [23,24,37].

4. sST2 and the multimarker approach
A panel of biomarkers can be applied to better reflect the com-

plexity of HF and various pathophysiological pathways. NT-proBNP is a
marker of volume overload and congestion, whereas sST2 responds to



Table 2
Causes of confusing factors for the biomarker level.

Non-cardiac Natriuretic peptides sST2 Ref.

Advanced age 77 - 23, 24, 31, 65
Renal dysfunction 77 - 21, 23-27, 29, 31
Chronic obstructive pulmonary disease < i 21, 29

Severe infection (including pneumonia and sepsis) 7 27 21, 29

Diabetes 7 < 34

Obesity, BMI (> 35 kg/m?) N\ 23, 28
Hypertension 7 < 30

Cancer S 77 16

cardiac fibrosis, inflammation, and remodeling. Thus, NT-proBNP and
sST2 produce incremental information reflecting diverse pathophysio-
logical pathways implicated in highly complex HF pathology while
assessing the risk stratification strategy. The results from the PRIDE
study on patients with acute dyspnea demonstrated the role of both
sST2 and NT-proBNP in a multimarker approach. The additive value of
sST2 contributed mainly to predicting the 1-year mortality risk in all
subjects, as well as in those with AHF. Interestingly, patients with a low
value of sST2 and elevated NT-proBNP were less likely to have AHF
than those with elevated sST2 (58% vs. 81%, respectively; p = 0.007).
Nevertheless, an elevation in both markers determined the highest rates
of death [38]. A strong correlation was also found between sST2 and
the mid-regional pro-adrenomedullin (MR-proADM) marker (R = 0.59,
p < 0.001) in a large cohort of patients hospitalized for acute de-
compensated heart failure (ADHF). MR-proADM is also considered a
highly useful marker for a combined strategy. The association of these
two biomarkers was the best combination to be included in the risk
prediction model individually or with NP and CRP [39,40]. By contrast,
Mueller et al. proved the lack of contribution in the diagnosis capability
and prognostic accuracy by adding sST2 or Gal-3 to BNP in the AHF
emergency setting. However, in another study, sST2 and NT-proBNP
were found to predict equally long-term mortality. ROC analysis used to
predict the 1-year all-cause mortality showed that the combination of
NT-proBNP and sST2 values (AUC = 0.732) was better than each
parameter taken separately [41,42]. The findings included a high
number of CHF patients (1081) and a prolonged period (13 years) of
follow up (KAROLA study), showing that the sST2 value increased the
prognostic assessment of cardiovascular disease compared with stan-
dard biomarkers. In this work, plasma sST2 concentrations in-
dependently predicted mortality but not cardiovascular events specifi-
cally [43]. This conclusion suggested that the predictive value of sST2 is
not linked to myocardial and wall stress but rather to acute vascular
stress in the context of cardiovascular events and confirmed the interest
for the synergic biomarkers approach. In another population with stable
CHF, sST2 showed additive prognostic value when combined with
biomarkers implicated in collagen remodeling [44]. Beyond their cur-
rent role as a diagnostic or prognostic marker, personalized medicine is
suggested with the contribution of a panel of biomarkers. For the first
time, greater than 40 biomarkers were recently included in an AHF
retrospective analysis to differentiate responders from nonresponders to
pharmacological therapy. sST2 was among the biomarkers for which
the baseline high level was related to a better treatment response to
rolofylline. This approach allows the study of subpopulations with
different clinical characteristics, such as disease severity or comorbid-
ities, and targeting those that benefited from treatment. In this work,
the immunoassay to measure the sST2 concentration was developed by
Alere. This research assay has not been standardized to the commer-
cialized assays used in research or for clinical use. Furthermore, the
extent to which the Alere assay correlates with the commercial assay
has not been entirely characterized [45]. A summary of the main stu-
dies using a multimarker strategy is presented in Table 3.

5. sST2 and HFpEF

The inflammatory response and/or immune activation as a marker
of disease progression in HF patients were recently stated [46]. As al-
ready mentioned, subclinical inflammatory processes are considered
important factors in the progression of HF, and enhancement of sST2
secretion confirmed the involvement of this process in HF patients.
Particularly, proinflammatory cytokines such as TNF-alpha or IL-6
provoke sST2 release as well as hemodynamic stress and cardiomyocyte
strain in the case of congestive HF [47]. The IL-33/ST2 system is up-
regulated in cardiomyocytes and fibroblasts in response to cardiac in-
jury. The soluble ST2 receptor binds to IL-33 and competes with the ST2
transmembrane isoform receptor, thereby eliminating the cardiopro-
tective effects [48]. An inflammatory state is often responsible for
cardiomyocyte hypertrophy and/or collagen deposit in the interstitial
space, and it has recently been shown to be often predictive of incident
HFpEF but not HFrEF. HFpEF represents half of HF patients, and it is
mostly characterized by quasi-normal systolic function (EF > 50%)
and concerns commonly elderly patients, mostly women, and often
subjects presenting comorbidities. It is a multifactorial condition whose
pathophysiology is not fully unrevealed, although a deep relationship
with inflammatory processes appears clear [49]. Plasma biomarkers
that reflect changes in collagen, titin, and the profibrotic milieu could
be used to improve the diagnostic criteria for HFpEF and prognostic
assessment. Thus, changes in biomarkers, such as sST2, may detect the
earliest transition to HFpEF. Elevated sST2 levels reflect profibrotic
changes in HFpEF, and these are associated with mechanical alteration,
particularly of the left atrium [50]. Nevertheless, the correlation be-
tween sST2 levels and HFpEF has not yet been fully established mainly
because of some significant drawbacks. However, this biomarker,
considering previously discussed properties, is a favorite candidate. In
an AHF cohort, two subsets of HFfEF and HFpEF patients were in-
vestigated to enhance the prognostic information with the association
of sST2 and BNP. The good performance of the two biomarkers in the
prognostication of any-cause mortality and readmission for AHF at six
months was more apparent for the HFrEF group than the HFpEF group.
The restricted number of the last group of patients (39%) and use of a
research-only method for sST2 measurements introduced a bias to de-
finitely conclude on this point [51]. Similarly, higher sST2, hsCRP, and
cystatin-C (Cyst-C) for HFpEF, a lower level of NT-proBNP, and high-
sensitive troponin T (hs-TnT) and hemoglobin for HFrEF reflected two
different HF pathophysiological pathways. No important differences
were found in the prognostic value of biomarkers in HFpEF vs. HFrEF
[52]. More recently, in a network study involving an extensive set of 92
biomarkers of various pathophysiological pathways, the authors dis-
criminated between the biomarker profile specifically for HFrEF (NT-
proBNP, GDF-15, interleukin-1 receptor type 1 and activating tran-
scription factor 2) related to cellular proliferation and metabolism and
those specific for HFpEF related to inflammation and extracellular
matrix reorganization (integrin subunit beta-2 and catenin beta-1). No
important sST2 protein—protein correlation resulted in any of the two
types of HF pathology. Cardiovascular-related proteins were measured
simultaneously in 1-ul plasma samples with an original approach based
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on the high throughput technique (Olink Proseek Multiplex CVD III kit;
Olink Proteomics, Uppsala, Sweden) [53]. Several studies have shown
that the concentration of sST2 assayed either at admission or discharge
in ADHF in HFpEF was predictive of all-cause death, CV death, and the
composite outcome of all-cause death or HF hospitalization. Wang et al.
evaluated 107 hypertensive patients with LVEF > 50%. Among them,
68 presented with symptoms of HFpEF. The sST2 concentration was
significantly lower in patients with E/e’ < 8 than in those with E/e’
from 8 to 15 to > 15. Multivariate analysis demonstrated that sST2 >
13.5 ng/ml was independently associated with the presence of HFpEF.
Additionally, sST2 was measured in 70 coronary artery bypass grafting
(CABG) patients stratified into three groups: control (no hypertension),
hypertensive patients without HFpEF, and hypertensive patients with
HFpEF. sST2 was higher in hypertensive patients without HFpEF than
in control subjects, and the sST2 levels were raised in hypertensive
patients with HFpEF (105.5 = 31.4vs.82.0 + 35.7ng/ml;p < 0.05)
[36,54]. The prognostic value of sST2 was observed in the acute dys-
pnea population presenting HFpEF. The authors showed that an in-
creased concentration of sST2 was an independent predictor of inter-
mediate-term mortality in this population [55]. In addition to NT-
proBNP, the sST2 values did not correlate with the echocardiographic
parameters of systolic and diastolic dysfunction in these patients, sup-
porting the hypothesis of distinct pathophysiological mechanisms in-
volved. More consistent results on the sST2 level and inflammation-
driven pathologies came from the RELAX trial that enrolled 216 pa-
tients with HFpEF and excluded patients with DFG < 20 mL/min per
1.73m> Among all pathologies, patients with high sST2 levels were
likely to have diabetes mellitus (p = 0.049), hypertension (p = 0.023),
atrial fibrillation (p = 0.049), renal dysfunction (p < 0.0001) and
congestion (p < 0.0001). sST2 was precisely named as a systemic in-
flammation marker connecting proinflammatory comorbidities and HF
severity-related systemic congestion in HFpEF patients [56]. The STOP-
HF Clinic population included fragile elderly patients with comorbid-
ities and mainly HFpEF (mean LVEF 58.8%). The prognostic power of
sST2 in both univariate and multivariate analyses was superior to NT-
proBNP, tumor marker cancer antigen 125 (CA125; a marker of sys-
temic congestion in HF) and hs-cTnl for primary and secondary end-
points, all-cause mortality and HF-related hospitalization at 1 year [57].
In the PARAMOUNT trial (301 HFpEF patients only), a high sST2
baseline level together with Gal-3 reflected a profibrotic state that was
correlated with the presence and severity of the disease [58]. Never-
theless, in the same year, the findings by French et al. regarding the CHF
population determined that Gal-3 alone is the most accurate dis-
criminator of risk among participants with HFpEF (AUC = 0.782;
p = 0.81 vs. s ST2; p = 0.029 vs. troponin I; p = 0.35 vs. BNP) [59].
Functional studies have shown an emerging role for microRNAs, al-
though no biomarker has been identified yet to differentiate systolic
dysfunction and HFpEF conclusively. Indeed, while waiting for more
conclusive responses, a panel of various biomarkers representing dif-
ferent aspects of the complex pathophysiology seems to be the most
helpful solution (Table 4) [60,61].

6. sST2 serial measurements and guided therapy

The relationship between basal and serial sST2 values was pointed
out in relation to cardiac death and rehospitalization for HF worsening
during the short and long follow up [62,63]. Notably, serial sST2
measurements allowed better prediction of cardiovascular admission or
worsening of renal function in patients with pharmacologically opti-
mized treatment for CHF compared with NT-proBNP [64]. The asso-
ciation of sST2 with repeated NT-proBNP measurements both in a short
time during hospitalization (at least 3 measurements) and during a 1-
year follow up (at least 5 measurements) guaranteed the prognosis
accuracy [65-67]. Serial testing at multiple points during treatment
revealed that lower sST2 concentrations were associated with reduced
mortality and an improved functional status. By contrast, patients with

persistently elevated sST2 levels at the follow up presented an increased
mortality risk. In the meta-analysis already mentioned, sST2 at dis-
charge, but not at admission, was predictive of HF rehospitalization
during follow up [11]. Considering the important role of inflammation
in HF pathology, several markers were used to follow ADHF patients
during hospitalization. sST2, together with NT-proBNP and GDF-15
serial measurements, showed a good correlation, with a high level at
admission followed by a sharp decrease up to discharge. Additionally,
other inflammatory marker levels such as hsCRP or myeloperoxidase
(MPO) did not significantly change after initially increasing [68].
Likewise, in patients with CHF, serial measurements of sST2 provided
incrementally predictive value over time, particularly in combination
with hs-cTn, reflecting myocardial injury [69,70]. The role of serial
measurements of sST2 was thus established to identify ambulatory
patients at highly increased risk despite the absence of clinical signs.
Genetic factors can influence the values of repeated measurements, and
this concern continues to gain importance in the field of HF. Genetic
modifications were reported in relation to sST2 expression and changes
in the IL-33/sST2 pathway; thus, genetic factors must be considered to
interpret changes in marker expression and for an accurate prognostic
value of sST2 [71]. However, the idea of a microRNA marker influen-
cing sST2/IL-33 signaling needs more intensive studies. On the other
hand, more sensitive assays are required to allow precise estimations of
microRNA because many of them are often undetectable [72]. The
utility of repeated measurements in prognostication and monitoring has
been underlined. Obviously, a further step should establish the value of
repeated sST2 measurements when used to guide therapy decisions. The
idea is to first have a baseline sST2 value at admission, and then, after
days 4/6, decide whether to intensify the therapy according to the sST2
cut-off of 35ng/ml. Consequently, sST2 measurement is obtained be-
fore discharge to help physicians decide the optimal discharge timing,
being more reasonable to delay discharge but to avoid readmission
within the month. The 1-month discharge sST2 level allows monitoring
and readapting patient therapy if necessary. Using biomarkers to pre-
dict the treatment response and to help physicians in tailoring therapy
is a promising approach under intensive studies. Over the last decade,
interest has arisen regarding biomarker-directed therapy (therapeutic
choice and optimal dosing) and personalized medicine. As highlighted
by Chow et al. (AHA SS 2017) among a panoply of biomarkers poten-
tially used for guided therapy, sST2 appears to be the most suitable
because of the analytical features previously discussed and—unlike
NP—it is less influenced by other factors [5]. The importance of early
sST2 changes obtained in the emergency department by measuring at
admission and in the 1st 48 h was highlighted in the work of Breid-
thardt et al. A 33% decrease in the median sST2 level was observed
during the 1st 48 h of in-hospital treatments; importantly sST2 levels
decreased more significantly in survivors than in nonsurvivors. In Cox
regression analysis, the percentage change of sST2 over the 1st 48 h
predicted long-term mortality in univariate and multivariate analyses
[73]. Gagging et al. demonstrated that elevation in sST2 might identify
patients who are more likely to benefit from a higher beta-blocker
dosage. Patients with a high baseline sST2 treated with low-dose beta-
blockers had the highest cardiovascular event rate. Together with other
classical and innovative biomarkers, sST2 was selected to identify
subpopulations with a distinct treatment response in AHF [74]. Curinier
et al. designed a study to prove the interest of sST2 measurement in
real-time using the new generation point of care developed by Critical
Diagnostic and now commercially available (CE mark) [75]. This ap-
paratus, which is available in clinical laboratories, as well as in am-
bulatory services, allows decision making on the intensification treat-
ment in the case of high values of sST2 (> 35ng/ml). Likewise, it helps
clinicians on the hospitalization discharge of patients. Table 5 sum-
marizes the main works up to date.
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7. Conclusions

Heart failure is a complex disease in which various pathophysiolo-

gical processes are involved over time. The interest of sST2 in prognosis
has been increasingly consolidated, considering the biomarker alone or
combined with other parameters [6]. This review focused on some
subgroups of HF patients for whom the features of sST2 are more re-
levant, making it a first-choice biomarker. The independence from
prevalent comorbidities in a highly frail population with HF is a po-
tential advantage of sST2. Therefore, in line with this assumption, sST2
would be the ideal parameter to measure during HFpEF pathology,
which is highly related to an inflammation state and to comorbid
conditions. Thus, in serial measurements, sST2 appears to be a pro-
mising tool to optimize both the monitoring and treatment of this
complex pathology. sST2 may be used to tailor specific therapies that
will benefit the management of HF. Prospective randomized studies
would be needed to confirm these associations. The potential value in
considering sST2 levels to prompt aggressive treatment that allows a
reduction in rehospitalization is a major medico-economic challenge.
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