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Pulmonary hypertension (PH) is a manifold, lethal disease with various etiologies and subtypes, all sharinga common
factor: the milestone of diagnosis and clinical management is right heart catheterization, the gold standard for both
quantification of PH and correct identification of its cause [1]. Clearly, being an invasive procedure with a given
share of complications, right heart catheterization cannot be repeated indefinitely in PH patients. No doubt that
echocardiography can warrant a paramount contribution to this issue (2], although echocardiographic assessment
of PH should be considered as an estimate, rather than an exact measurement. Therefore, many efforts have been
made in order to assess the role played by biomarkers in PH, overcoming the hurdle of studying patients affected
by such a rare and deadly disease.

PH European guidelines divide biomarkers involved in PH progression into distinguished groups: vascular
dysfunction, inflammation, myocardial stress, low cardiac output and/or tissue hypoxia or organ impairment [1].
Similarly, Pezzuto ez al. grouped circulating biochemical markers based on their role in: neurohormonal activation,
myocardial injury, systemic inflammation or oxidative stress, vascular remodeling, end-organ failure, transcriptional
regulation and gene expression [3]. Among these, biomarkers of systemic inflammation and altered immune response
(namely, circulating chemokines and cytokines [4], metabolomics factors [5] and volatile substances) have been shown
to play a pivotal role. These have also been investigated as possible therapeutic targets, linking gene expression and
mutations to the clinical world, as in the case of TNF-at [6]. Yet, just for BNP and NT-proBNP a prominent role in
risk assessment and clinical management of arterial PH patients has been acknowledged until now [1]. Actually, as
a marker of myocardial stress and myocardial dysfunction, BNP/NT-proBNP (even if with quite variable and low
specificity for PH) is the only biochemical marker acknowledged for both the daily clinic and for research studies,
being part of the multidimensional management of PH patients that current guidelines recommend [1].

Even if biomarkers are well known to be changed in PH, their utilization at the patient’s bedside is marginal.
Indeed, it still remains to be established whether these factors play a own role in the complex pathophysiologic
cascade of PH, or if they should rather be considered as mere markers for the progression of disease.

BNP/NT-proBNP levels correlate with myocardial dysfunction, but they are not specific for PH, because they
can be elevated in almost any heart disease. BNP/NT-proBNP levels tend to have a high variability and should be
interpreted in the clinical context. There are no clear advantages in using BNP versus NT-proBNP (7]. Nevertheless,
BNP appears to have a stronger correlation with pulmonary hemodynamics and is less affected by kidney function,

while NT-proBNDP seems to be a stronger predictor of prognosis [7].
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Data from the registry to evaluate early and long-term pulmonary arterial hypertension disease management
(REVEAL) (8] showed that changes in a multiparametric score including BNP/NT-pro-BNP occur in most patients
with arterial PH over a 12-month period and are predictive of survival. Thus, serial risk score assessments can
identify changes in disease course that may warrant treatment adjustments.

Recently, three large European studies [9-11] suggested using comprehensive risk assessment scores aimed at
reaching a low-risk profile in arterial PH. All three studies confirmed the prognostic role of BNP/NT-pro-BNP in
a multi-parametric approach for defining the prognosis in arterial PH.

Regardless of all of these caveats, clinicians managing arterial PH (or even groups II-IV PH, which are PH
depending on left heart disease, lung disease and pulmonary embolism, respectively [1]) generally use few biomarkers,
and — to the best of our knowledge — almost exclusively as secondary tools. Consequently, a main issue seems to
be focusing research on the changes in biochemical markers occurring during the frequent episodes of clinical
worsening and increase in mean pulmonary arterial pressure (PAP) that these kinds of patients often experience,
whereas it should be to find out a number of factors that are able to predict these kinds of events.

The ideal biomarker should of course show good sensitivity, specificity and reproducibility [12]. It should also be
safe, cheap, easily accessible, with changes wide enough to be measured, it should mirror clinical course, response
to treatments and, mainly, the pressure regimen of the pulmonary circle itself. In one word: reliable, but probably
unattainable. Then, what direction should we search for?

With the aim to help clinicians in making decisions in the follow-up of PH patients, a cluster of biomarkers has
been recently proposed: in their study Rhodes ez a/. [13] found a group of nine circulating proteins to be related
with survival in arterial PH, improving the predictive power of NT-proBNP by itself. Their results are of high
interest as the studied proteins are all involved in biological pathways known to be changed in PH (i.e., vascular
injury, endothelial function, inflammation state, immune response and pro-thrombotic state) and the named nine
circulating proteins show a higher predictive value when assessed together, with respect to their use as single
items [13]. Unfortunately, measuring the circulating levels of nine proteins implies resources and technologies not
largely available.

Moving from the consideration that aldosterone and Galectin-3 are changed in left ventricular failure, Calvier
et al. [14] explored their role in a classic right-side heart failure model as arterial PH, showing this tandem (already
known to be related with inflammation, fibrosis and, in turn, vascular remodeling) to be increased in such patients.

Interestingly, various biomarkers derived from everyday routine laboratory parameters, for example, uric acid,
C-reactive protein, high-density lipoproteins (3], creatinine, bilirubin, blood cholesterol (7,15,16], red cell distribution
width [17], D-dimer, troponin and natriuretic peptides [18,19] have proven to be singularly involved in the complex
galaxia of PH, including fields as heart or other organ dysfunction, oxidative stress, endothelial dysfunction [18,19]
and are recommended to be regularly checked in PH patients [1].

In other medical fields, serious diseases are currently diagnosed based on composite criteria arranged in validated
clinical tools: JONES criteria for rheumatic fever or the signs observed in metabolic syndrome are a couple of
the numerous examples confirming this statement. Accordingly, in atrial fibrillation, a lifesaving treatment as oral
anticoagulation is given on the basis of two scores, such as CHA,DS,VASC and HAS-BLED, that are strong
predictors of cerebrovascular events and hemorrhagic risk, respectively [20].

Indeed, both these two risk scores are mainly made up of clinical items (e.g., age, hypertension and heart failure,
but also INR lability, liver and renal function, etc.), rather than laboratory or biochemical markers. Yet the key
concept is to observe how much the validation of these two clinical tools has improved the management of patients
of all ages with atrial fibrillation all over the world.

Why not try to find out a composite score based on biochemical markers and related to the clinical course of
PH? This is certainly not the first time this hypothesis is formulated, but we believe the knowledge about PH is
now deep enough and the time is ready for facing this major challenge.

For example, von Willebrand factor, cholesterol levels and N'T-proBNP have already been considered as a
whole, but in a population retrospectively selected by another clinical trial with other purposes and with several
inclusion/exclusion criteria [16].

The main issues to manage within follow-up of PH patients seem to be to predict clinical worsening (or at
least to get a very early diagnosis of it) and to acknowledge the response to treatment. This kind of clinical
tool should aim at a different target from supplying an indirect measure of mean PAP: for that we already have
echocardiography, which is able to fairly assess systolic, diastolic, mean PAP (2], as well as (with less accuracy) wedge
pressures, pulmonary vascular resistances, right ventricle filling pressures [21]. It should also be noted that the various
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groups of PH largely differ as signs, symptoms and clinical picture as a whole. It will not be easy to identify items
appropriate, for example for both group I and group III PH patients. Yet, if such a clinical score could ever be
available for physicians dealing with PH patients, and if its robustness and feasibility in clinical settings were good
enough, the management of these frail patients could be predictably improved. Support for this call also derives
from the fact that standardization generally follows the adoption of a clinical score, like we hypothesized, could
allow an easier collection and analysis of patients” data, which is always a key issue — largely in rare diseases like
in most forms of PH [1).

In conclusion, we argue a call for identifying a clinical score, including biochemical markers (among these, BNP
and NT-proBNP) in PH to be highly reasonable, and that this tool could conceivably warrant a progress in the
management of patients with arterial PH (i.e., group I), including many of the other pH patient groups.
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