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The landmark study of low-tidal volume ventilation
(LTVV) in acute respiratory distress syndrome (ARDS)
demonstrated treatment benefit across a broad patient
population [1]. In the era of LTVV, researchers studying
ARDS must identify both preventative strategies for
ARDS as well as effective treatments for a heterogenous
population with a lower mortality rate. Distinguishing
among ARDS subphenotypes would improve efficiency in
clinical trial design and help clinicians tailor supportive
and therapeutic treatments. To this end, there is consid-
erable interest in the use of biomarkers in ARDS to define
specific biological phenotypes, describe factors driving
resolution of disease and, most importantly, identify
patients at highest risk for poor outcomes [2, 3]. This
approach to targeted therapy has revolutionized care for
breast cancer patients and may facilitate innovative ther-
apies for ARDS [4].

Endotypes have been established by a variety of
methods. Some studies rely on measuring specific pro-
teins of interest to establish thresholds that correlate with
hard clinical outcomes [3, 5]. Others use sophisticated
biostatistical models such as latent class analysis to
identify patterns within a dataset that predict response to
therapy or outcomes of interest [2]. In an article recently
published in Intensive Care Medicine, Forel et al. [6]
describe the findings from their biomarker study, ‘‘Type
III procollagen is a reliable marker of ARDS-associated
lung fibroproliferation.’’ The authors identified and vali-
dated a threshold level for bronchoalveolar lavage (BAL)
concentration of the N-terminal of procollagen peptide III
(NT-PCP-III) that correlates with histopathologic fibrosis
confirmed on open lung biopsy (OLB), a surrogate out-
come presumed to be on the same causal pathway as
mortality and prolonged mechanical ventilation, in a
subgroup of patients with ARDS who could potentially
benefit from therapies that mitigate fibrosis.

While irreversible fibrosis due to ARDS was a common
clinical problem before LTVV became the standard of
care, the incidence of permanent scarring of lung tissue
appears to have declined over the past 15 years. The
strongest evidence for the lower incidence is the enroll-
ment difficulty encountered by ARDS Network
Researches conducting the Late Steroid Rescue Study
(LaSRS) study. Based on earlier disease incidence, the
study group anticipated enrolling 400 patients over
3 years. However this plan was revised due to low
enrollment, and it ultimately took 7 years to enroll 180
patients from 12 US university medical centers. Further-
more, a large cohort study compared subjects who died
between 1991 and 2000 to those who died between 2001
and 2010, and found that among patients at risk for
ARDS, the proportion of patients with diffuse alveolar
damage (DAD) on autopsy was higher in the first decade
of the study [7]. Higher tidal volume ventilation strategies
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may have driven the incidence of persistent ARDS with
fibroproliferative features before 2000.

Patients who progress to fibrosis after ARDS have
prolonged requirements for mechanical ventilation, low
lung compliance, and high dead space measurements.
However, it is difficult to accurately identify this sub-
group of patients using early clinical and demographic
characteristics. Even among patients with non-resolving
ARDS after 7 days of mechanical ventilation, it is not
clear which individuals have irreversible fibrosis without
invasive testing with OLB [8]. In the spirit of defining
specific ARDS subphenotypes, et al. describe an approach

using a biomarker in BAL to identify patients with
fibrosis in non-resolving ARDS through a minimally
invasive diagnostic test.

NT-PCP-III is the product of protease activity in the
extracellular space and a marker of collagen synthesis by
pulmonary fibroblasts. Plasma and BAL concentrations of
NT-PCP-III in patients with ARDS are elevated in the
first 24 h and correlate with death and ventilator-free days
[9–11]. NT-PCP-III is elevated in BAL samples taken
24 h after ARDS onset, suggesting that fibroblasts are
active soon after injury [10]. Furthermore, the concen-
tration of NT-PCP-III in BAL at 24 h is higher in patients

Fig. 1 The spectrum of
response to the
fibroproliferative phase of acute
respiratory distress syndrome
(ARDS). The fibroproliferative
phase of ARDS is followed by a
spectrum of host responses that
range from resolution of injury
and restoration of normal
alveolar structure and function
to irreversible fibrosis
characterized by distorted tissue
architecture with fibroblasts in
the alveolar septae and distal
airways, as well as extensive
collagen deposition in the
extracellular matrix. Fibroblasts
synthesize procollagen, which
is cleaved to form collagen that
is cross-linked and assembled
into collagen fibrils. Forel et al.
[6] measured the N-terminal
peptide cleaved from
procollagen peptide III (NT-
PCP-III) in alveolar lavage
fluid as a biomarker for a
fibrotic response to the
fibroproliferative phase of
ARDS that correlates with
fibrosis on open lung biopsy and
worse clinical outcomes. The
illustration was created by
Diana Lim
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who die after ARDS, indicating a shift towards fibrosis
after inflammation that sets the stage for a severe patho-
logic response to injury. Forel et al. [6] show for the first
time that the BAL concentration of NT-PCP-III reliably
correlates with fibrosis on histopathology specimens from
OLB. BAL NT-PCP-III in ARDS is higher in patients
who die and have fewer ventilator-free days, despite
adherence to LTVV protocols. Overall, the authors pres-
ent strong evidence that NT-PCP-III may be an important
biomarker of fibrosis and might serve as a screening
measurement for enrollment in trials of therapies targeted
at mitigating fibrosis in patients with non-resolving
ARDS.

The data presented by Forel et al. [6] have some lim-
itations. Fibrosis is not strictly defined in the discussion of
many of the clinical and translational studies in ARDS.
Lung fibrosis is marked by irreversible structural damage
to the alveoli and the accumulation of fibroblasts. Fibrosis
is preceded by a fibroproliferative or organizing phase
characterized by the accumulation of myofibroblastas in a
loose extracellular matrix in the alveolar septa and distal
air spaces [12]. This fibroproliferative phase is a poten-
tially reversible state and may be the optimal target for
corticosteroids in persistent ARDS [13]. A more precise
definition of lung abnormalities in lung biopsies is needed
in future studies to differentiate earlier fibroproliferation
from later fibrosis as sensitivity to glucocorticoid therapy
may differ along this spectrum. The inclusion of ten
patients from the determination cohort in the validation
cohort of 51 subjects is a potential source of bias and may
limit the generalizability of the threshold defined by this
study. Lastly, the most important limitation of this study
is one that is common to many biomarker studies: the
authors have only examined one protein from one phys-
iologic compartment at one point in time during a
complex and heterogeneous disease process. To fully
grasp the enormity of the problem that Forel et al. [6] are

tackling, it is important to briefly review what is more
generally known about fibroproliferation in ARDS.

Autopsy and histopathological studies in ARDS show
an early inflammatory phase followed by a fibroprolifer-
ative repair phase, with deposition of matrix proteins,
including collagen. Some patients progress to effective
tissue repair and resolution of ARDS while others develop
irreversible lung fibrosis and have higher mortality rates.
As illustrated in Fig. 1, this balance between resolution of
injury and ineffective or inappropriate tissue repair is
complex and modulated by proinflammatory cytokines,
the extracellular matrix, and the effects of aging on host
responses [14]. Alveolar fibroblasts are central players in
the fibrotic and inflammatory response in ARDS and can
be cultured from BAL in 25 % of patients with ARDS,
but not from ventilated controls [15]. These cultured
fibroblasts behave similarly to fibroblasts isolated from
subjects with idiopathic pulmonary fibrosis, exhibiting a
blunted response to stimulation with an anti-fibrotic
mediators and increased collagen 1 secretion. Not only
are the forces driving collagen deposition complex, but
for a complete understanding of the physiology and
pathology of fibrotic changes in the lung it is important to
consider the pathways for degradation of matrix proteins
that occur in both normal physiology and disease states
[16].

BAL NT-PCP-III may be a valuable biomarker for a
subphenotype of ARDS patients with fibroproliferation in
the LTVV era. It remains to be established if this bio-
marker can identify patients who may have a differential
response to glucocorticoids or other treatments designed
to reduce the lung fibrosis that develops in some patients
after ARDS.
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