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Editorial

The Ambitious Goal of Validating
Prognostic Biomarkers for
Systemic Sclerosis-related
Interstitial Lung Disease

Interstitial lung disease (ILD) often complicates the course
of systemic sclerosis (SSc), mainly in patients with the
diffuse subset of disease and with anti-Scl70 antibody
positivity1,2. Postmortem examination gives evidence that
nearly all patients with SSc develop pulmonary fibrosis,
although to a very different extent individually; high-resolu-
tion computed tomography (HRCT) shows interstitial lung
involvement in about two-thirds of the cases2.

Together with pulmonary arterial hypertension, severe
pulmonary fibrosis is the leading cause of SSc-related death,
as demonstrated by Steen and Medsger among the very large
Pittsburgh cohort3. These data were confirmed by a study of
the SSc population included in the European League
Against Rheumatism Scleroderma Trials and Research
group database4. With regard to the course of ILD, some
patients develop severe and rapidly progressive interstitial
lung involvement during the early phase of the disease,
while others may show an indolent course without a relevant
influence on pulmonary function or survival1,5. Assessment
of lung involvement and close monitoring of lung function
are therefore mandatory.

During the last decade efforts have been undertaken to
identify predictors of rapid deterioration in SSc lung inter-
stitial involvement. The Scleroderma Lung Study (SLS) and
the Genetics versus Environment in Scleroderma Outcome
Study (GENISOS) assembled the largest cohorts for this
purpose6,7. These efforts were intended mainly to drive
treatment choice, but also to avoid serial HRCT scans for
patient followup to reduce radiation exposure. One of the
most important findings was that, similar to idiopathic
pulmonary fibrosis8, the decline in forced vital capacity
(FVC) and DLCO turned out to mirror the degree of
changes observed on HRCT9. An accelerated rate of decline
in FVC is associated with poor survival7. Despite these
attempts, at present there are no validated lung
functional/radiological measures or serologic biomarkers
that would allow prediction of the rate of progression of
pulmonary fibrosis over time, and thus allow physicians to

individualize the management for different patients’
subtypes. An ideal biomarker should be noninvasive,
reliable, and cheap. Many attempts have been made to find
such a candidate biomarker for SSc-ILD, but data have
come mostly from retrospective single-center studies10. We
know now that there are a number of candidate serum
proteins that correlate with the presence or severity of ILD
in the context of SSc. The final step for the validation of a
biomarker requires prospective, well-designed multicenter
studies in heterogeneous populations. One major problem
in the validation process is the identification of factors that
influence the basal levels of these biomarkers, such as
covariates, genetic assets, and baseline disease severity10.

For biologically complex diseases such as SSc, charac-
terized by autoimmunity, fibrosis, and microvascular
damage, the multiplicity of underlying pathogenetic
patterns suggests that disease prediction may come to
depend on combinatorial analysis of many mediators11,12. A
lesson from rheumatoid arthritis (RA) is the multibiomarker
disease activity (MBDA) score13. Recently, Centola, et al
developed a quantitative serum-based measure of RA
disease activity, based on 12 biomarkers from 130 that were
screened, which was consistently associated with clinical
disease activity levels and damage progression measured by
radiography13. Hirata, et al confirmed in a Japanese cohort
that the MBDA score reflects current clinical disease
activity and can track changes in disease activity over
time14. Although this recent model is encouraging, to date,
the panel of investigated biomarkers for SSc-ILD is limited,
compared with the panel of investigated biomarkers in
idiopathic pulmonary fibrosis10. Evidence has been
provided for the ability of serum KL-6, surfactant protein-D
(SP-D), and CC-chemokine ligand 18 (CCL18) to correlate
with the likelihood of progression of SSc-ILD and for
monitoring treatment response10.

In this issue of The Journal, Elhaj, et al from the
GENISOS cohort raise critical questions on the value of
serum SP-D and CCL18 as prognostic biomarkers for
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SSc-ILD15. The authors investigated the predictive signifi-
cance of these 2 pneumoproteins for disease outcome of
SSc-ILD in a large, well-characterized multiethnic cohort of
266 patients with early SSc from the GENISOS cohort,
using advanced statistical modeling that takes into account
longitudinal data at each followup point. For 83 patients it
was possible to collect complete followup for biomarkers
over 4 years. This allowed the authors to include all data
points and account for dependence between longitudinal
FVC and survival, reducing the bias resulting from the fact
that patients with more rapid decline in FVC are more likely
to die. Although autoantibody subsets such as antitopo-
isomerase I (ATA) and anti-RNP subtypes10 have been
found to be associated with fibrosis in SSc, the investigators
chose serum CCL18 and SP-D for their lung specificity and
the evidence coming from studies on idiopathic interstitial
pneumonias10. While serum level of SP-D correlated with
FVC obtained at the same time, and CCL18 was a predictor
of short-term decline in FVC, the main finding of the study
was that neither SP-D nor CCL18 was a longterm predictor
of the course of FVC in patients with early SSc. Similarly, a
composite score of SP-D and CCL18 was a significant
predictor of short-term decline in FVC, but did not predict
its longterm rate of decline15.

CCL18, previously known as pulmonary and activa-
tion-regulated chemokine (PARC), is constitutively
expressed at high levels in the lungs, mainly by alveolar
macrophages, and is chemotactic for a variety of mononu-
clear cells16. CCL18 can stimulate fibroblast collagen and
has been found to be increased in serum and broncho-
alveolar lavage (BAL) fluid in a number of fibrotic lung
diseases, including SSc-ILD16. Three longitudinal studies
with a total of 116 patients with SSc-ILD investigated the
correlation of serum CCL18 with ILD activity determined
by HRCT, lung function, and BAL analysis, with promising
results16,17,18. Tiev, et al analyzed serum CCL18 levels in 83
SSc patients with ILD over a 4-year followup period18. At a
cutoff level of 187 ng/ml for identifying subsequent
worsening of lung disease within 2 years or death, serum
CCL18 was independently predictive of worsening ILD
(HR = 5.4; p = 0001)18. Similar results have been published
by Prasse, et al from studies of patients with idiopathic
pulmonary fibrosis19. The study from Elhaj, et al was
intended to confirm the reliability of serum CCL18 as a
longterm predictor of ILD course, but the results were
negative15. In contrast to the studies of Tiev, et al and
Prasse, et al, the current study did not show a significant
predictive significance of baseline serum CCL18 for
longterm change in FVC in both univariate and multi-
variate analysis. The huge differences in the results of the
longitudinal analyses are probably due not only to the
study design (a large heterogeneous multicenter cohort)
and the more complex statistical approach that verified
the predictive value of the biomarker over time, but also

to the fact that changes of CCL18 in serum may not
reflect its local production in the fibrotic lung in SSc.
This point needs further investigation.

With regard to SP-D, a lipoprotein secreted by type II
alveolar epithelial cells and airway Clara cells, together with
SP-A, this pneumoprotein is involved in the maintenance of
alveolar surface tension and the host defense system in the
lung, and has been found to be elevated in patients with
SSc-ILD, correlating with degree of fibrosis and pulmonary
function test results6,20. Elhaj, et al found no difference in
the predictive quality of baseline or longitudinal SP-D in
serum compared to CCL18 separately as well as combined
in a score. The only difference was that, in the multivariate
analysis, SP-D remained an independent correlate of
concomitant FVC. Also, a subgroup analysis based on
disease type (limited/diffuse) or ATA positivity did not yield
significant results for the short-term or longterm predictive
value of SP-D or CCL18. 

A remarkable subanalysis from Elhaj, et al attempted to
elucidate the effects of immunosuppression on the
usefulness of SP-D and CCL18 as biomarkers for SSc-ILD.
The investigators conducted the same statistical analyses as
for the overall group in the patients treated with immuno-
suppressive agents at the baseline visit, 32% of the entire
cohort, excluding those receiving hydroxychloroquine or
low-dose prednisone. The results substantially confirmed
findings in the overall group, except for stronger evidence
that combining serum CCL18 and SP-D could be of some
value for predicting short-term decline in FVC. This
approach, separately analyzing the patients treated with
immunosuppressants, can also provide additional infor-
mation for the reliability of these serum proteins as
treatment response markers in randomized controlled
trials.

The utility of 2 serum pneumoproteins, SP-D and
CCL18, for longterm prediction of SSc-ILD disease course,
but not for assessment of disease severity, has been
questioned in this study. The new exploratory approach
based on joint analysis of longitudinal measurements of
serum biomarkers, sequential pulmonary function test
results, and survival provides a new instrument to verify —
through large, prospective validation studies — the results
of single-center studies, which tend to draw premature and
over-enthusiastic conclusions on the longterm prognostic
value of such biomarkers.
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