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Towards prognostic biomarkers in pulmonary arterial

hypertension
J-L. Cracowski

T
he most reliable way to assess the clinical impact of a
therapeutic intervention in pulmonary arterial hyper-
tension (PAH) is through its effect on well-defined

clinical end-points, such as mortality. However, this standard
is often impractical because of the long period and large
number of patients required to reach these clinical end-points,
and substitutes, such as the 6-min walking distance, are often
used. Biomarkers may also be reliable substitutes for clinical
end-points, and are called surrogate end-points when they
meet such requirements. According to the US National
Institutes of Health Biomarkers Definitions Working Group,
a biomarker is ‘‘a characteristic that is objectively measured
and evaluated as an indicator of normal biological processes,
pathogenic processes, or pharmacologic responses to a
therapeutic intervention’’ [1]. However, while this definition
is used for drug discovery, another narrower definition is still
commonly used: ‘‘disease-associated molecular changes in
body tissue and fluids’’, i.e. a biological marker [2]. Among the
estimated 150,000 papers documenting thousands of biological
markers, less than 100 biomarkers are routinely used in the
clinic [2]. In the field of PAH, which is a rare disease, most
biomarker studies examined less than 100 patients, and
therefore lacked the statistical power needed to demonstrate
a strong association between any biomarker and death.
Registries such as the Registry to Evaluate Early And Long-
term PAH Disease Management (REVEAL) [3] have the
advantage of enabling the study of larger populations and,
therefore, have much better statistical power. However, in
most cases, registries are not designed to evaluate new
biomarkers, as they do not reach the necessary quality of
biological sampling with storage of samples in a biobank, and
are often a mix of incident and prevalent patients. In addition,
many studies have focused on just one biomarker, while there
is increasing evidence that a single isolated biomarker will not
provide a substantial improvement in risk classification and
that a multiple-biomarker approach is required. Indeed, recent
multiplex assays, such as those used by SOON et al. [4] for
inflammatory cytokine measurement, enable a large number of
substances to be readily quantified simultaneously, and we
need to determine how to handle and interpret this large
quantity of biological information. Furthermore, there is a

time-lag between preliminary studies showing an independent
association with death and the routine use of a biomarker for
patients. Before a biomarker can be used routinely, several
criteria must be met [5, 6]. First, the measure should add
independent information on PAH prognosis, as shown in a
survival analysis based on biomarkers with clinical and
haemodynamic parameters as covariates. Secondly, the mea-
sure should account for a large proportion of risk. This means
that the risk factor frequency must be sufficiently high (e.g. a
biomarker such as cardiac troponin T (cTnT) will provide
prognostic information only for the few patients in which it is
detectable, although this can be improved using high-
sensitivity techniques), and that the relative risk should also
be sufficiently elevated. There is no cut-off point to quantify
the proportion of risk, but a hazard ratio .2 is frequently
suggested [5, 6]. However, risk usually increases progressively
with increasing biomarker levels, so various cut-off points
must be evaluated. In most cases, these cut-offs will not
represent a specific threshold effect, but a compromise
between the proportion of the population at risk and the
relative risk of morbidity associated with values higher than
the cut-off point. As an example, BENZA et al. [3] clearly showed
that brain natriuretic peptide levels .180 pg?mL-1 were
associated with a poor prognosis, with a hazard ratio close to
2, and the opposite for those with levels ,50 pg?mL-1. The
question remains as to whether such an extreme cut-off would
be of any help in the clinical decision making process given the
fact that most patients will be between these values. Lastly, the
test should be reproducible and widely available. While a large
number of biomarkers are initially discovered in research
laboratories, they need to be quantified rapidly at a low cost
for routine use. To date, only a few biomarkers meet these
requirements in PAH.

The pathophysiological process of PAH is characterised by
endothelial dysfunction of the pulmonary arteries, associated
with inflammation and oxidative stress. Vascular remodelling
and a proliferation of small pulmonary arteries lead to a
chronic elevation of pulmonary vascular resistance, right heart
failure and death. The conventional candidate biomarker
approach relies on pathophysiology and differentiates between
biomarkers of increased right ventricular pre-load, biomarkers
of inflammation and oxidative stress, and biomarkers of
endothelial dysfunction.

Serum troponin T is a biomarker of myocardial damage that
has been shown to be detectable in ,13% of group 1 PAH
patients [7, 8]. Given its association with right ventricular
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dysfunction, it is a biomarker of increased right ventricular
pre-load. In terms of prognosis, positive troponin T was
associated with an increased hazard ratio for death in a
heterogeneous group of 56 patients (51 PAH patients), in a
multivariate Cox analysis including 6-min walking distance
and pulmonary vascular resistance (HR 4.89, 95% CI 1.18–
20.39) [7]. This was further confirmed in a heterogeneous
group of pulmonary hypertension patients, but subgroup
analysis of 36 patients with idiopathic PAH did not have
enough power to demonstrate an association (HR 7.01, 95% CI
0.68–71). In this issue of the European Respiratory Journal, HERESI

et al. [9] tested whether cardiac troponin I provides the same
information. This question is important given the fact that in
clinical practice, cardiac troponins T and I are used inter-
changeably in coronary artery disease management. However,
they differ from a biochemical and analytical point of view,
and the equivalence of their performance is debated in
conditions such as end-stage renal disease [10]. In addition, it
has become clear that even small troponin elevations are
associated with adverse health outcomes in coronary artery
disease. As a result, there have been several generations of
troponin assays, all aimed at tests that reliably detect lower
concentrations [11, 12]. Accordingly, using a novel, high-
sensitivity cTnT assay with a lower detection limit of
2 pg?mL-1, FILUSCH et al. [12] recently showed that concentra-
tions higher than the 99th percentile were observed in 27.3%,
compared with 10.9%, of a heterogeneous group of patients
with pulmonary hypertension, using the fourth-generation
assay. Positive high-sensitivity cTnT was associated with death
and was related to right ventricular dysfunction. Using a
sensitive cardiac troponin I assay, HERESI et al. [9] detected
cardiac troponin I in 25% of a group of patients with group 1
PAH, compared with 6.5% for a classical cTnT assay. All
patients with detectable cTnT had detectable cardiac troponin
I. Detectable cardiac troponin I was associated with a hazard
ratio of 4.74 (95% CI 1.89–11.89) for death related to right
ventricular failure or transplant, and a hazard ratio of 3.2 (95%
CI 1.40–7.37) for all-cause mortality and death. There is
reasonable evidence to assume that PAH patients with
detectable serum troponin, whether T or I, are at increased
risk of death, and that using more sensitive assays will help us
to identify more patients at risk.

There is increasing evidence that inflammation and oxidative
stress play a role in the pathophysiology of PAH. Plasma
cytokines, including interleukin (IL)-1a, IL-2, IL-4, IL-6, IL-8,
IL-10, IL-12 p70, tumour necrosis factor-b, monocyte chemo-
tactic protein-1 and osteopontin, were found to be elevated in
patients with group 1 PAH [4, 13–15]. Growth differentiation
factor-15, a stress responsive member of the transforming
growth factor-b superfamily, was above the reference limit in
55% of 76 group 1 PAH patients. C-reactive protein (CRP) was
similarly increased [16], a one-log increase being associated
with a hazard ratio for death of 3–4. In contrast, HERESI et al. [9]
failed to find any association of high-sensitivity CRP with
morbidity and mortality. The two studies used two different
assays and the levels in the patients in the study by HERESI et al.
[9] were more than twice as high as those in the study by
QUARCK et al. [16]. However, this shows that unless studies on
large cohorts are performed, the repetition of small cohort
studies is mandatory before the routine use of a biomarker.

Moreover, it stresses the fact that biomarker research in PAH
should operate as a large collaborative network, with shared
biobanks to enable quicker identification of candidate prog-
nostic biomarkers with better reliability.

Finally, the use of proteomics seems intuitively interesting.
While surface-enhanced laser desorption/ionisation time-of-
flight (SELDI-TOF) mass spectrometry (MS) alone is suitable
for analysis of readily obtainable clinical samples, such as
plasma and urine, and provides a simple, low-resolution
pattern generated from proteins retained on a specific
chromatographic surface, in most instances, it does not allow
the direct identification of those proteins that may be potential
disease biomarkers. ABDUL-SALAM et al. [17] have shown that
putative biomarkers characteristic of PAH can be identified
using a conjoint SELDI-TOF MS–proteomics approach, but
there is still no clinical application of this. A more specific
proteomic method can be used with small cohorts, using cells
or tissues samples. Using the global proteomic approach of
two-dimensional difference gel electrophoresis/MS to examine
transformed lymphocytes from a single family with familial
PAH, protein expression patterns distinguished patients with
familial PAH from both obligate carriers and married-in
control subjects [18]. Nevertheless, at present, while the
proteomics approach seems promising for identifying new
biomarkers in PAH, we are still far from it being of prognostic
interest in clinical practice.
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