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Objective. Interstitial lung disease (ILD) in systemic sclerosis (SSc) runs a highly variable course, and prediction 

tools are highly desired. The aim of this study was to assess the diagnostic and prognostic performance of 4 candi- 

date serum biomarkers for SSc-associated ILD. 

Methods. Serum samples from a combined cohort of SSc patients (from Paris, France and Oslo, Norway; n = 

427) were analyzed by enzyme-linked immunosorbent assay for concentrations of lung epithelial–derived surfactant 

protein D (SP-D), Krebs von den Lungen 6 glycoprotein (KL-6), CCL18, and OX40 ligand (OX40L). Lung fibrosis was 

measured by high-resolution computed tomography and pulmonary function tests. Associations of these candidate 

biomarkers with baseline disease involvement and prediction of disease progression over time (mean ± SD follow-up 

3.2 ± 4.4 years) were investigated. 

Results. In SSc patients at baseline, serum levels of KL-6 correlated with the forced vital capacity (FVC) (r = 

−0.317, P < 0.001), diffusing capacity for carbon monoxide (r = −0.335, P < 0.001), and extent of lung fibrosis (r = 

0.551, P < 0.001). In multivariate analyses, serum levels of KL-6 and SP-D, but not CCL18 and OX40L, were asso- 

ciated with lung fibrosis (odds ratio [OR] 2.41, 95% confidence interval [95% CI] 1.43–4.07 [P = 0.001] and OR 3.15, 

95% CI 1.81–5.48 [P < 0.001], respectively). In SSc patients with ILD at baseline, longitudinal, multivariate analyses 

showed that CCL18 serum levels were an independent predictor of a >10% decrease in the FVC (hazard ratio [HR] 

2.90, 95% CI 1.25–6.73; P = 0.014) and de novo development of extensive disease (HR 3.71, 95% CI 1.02–13.52;  P 

= 0.048). Matrix-based logistic regression models for the diagnosis and prognosis of SSc-associated ILD were 

constructed, and these models discriminated 3 groups of risk (mild, moderate, or high) for the diagnosis or worsening 

of lung fibrosis according to the serum levels of SP-D (for diagnosis) and serum levels of CCL18 (for progression of 

disease). 

Conclusion. These results show that SP-D is a relevant diagnostic biomarker for SSc-associated ILD, whereas 

KL-6 could be used to assess the severity of lung fibrosis. CCL18 appears to be a potential predictive marker for 

progression of ILD in SSc. 
 

INTRODUCTION 

 

Interstitial lung disease (ILD) is common in systemic 

sclerosis (SSc), and despite recent advances in treatment,    it 

remains the leading cause of death in patients with SSc  (1–

4). However, SSc-associated ILD is characterized by high 

heterogeneity: some patients have limited, nonprogressive 

fibrosis, while others will develop extensive fibrosis that rap- 

idly progresses to respiratory failure (1,5). Until now, pulmo- 

nary function tests (PFTs) and high-resolution computed 

tomography (HRCT) have remained the mainstays not only for 

diagnosis, but also for prognosis of SSc-associated ILD, but 

there have been concerns regarding the potential for radiation 

exposure with HRCT (6,7). 

 
 

Supported by Institut Roche and the Association des Sclérodermiques 

de France. 
1Muriel Elhai, MD, PhD, Jérôme Avouac, MD, PhD, Yannick Allanore, MD, 

PhD: INSERM U1016, UMR8104, Cochin Institute, Paris Descartes University, 

and Cochin Hospital, Paris Descartes University, Paris, France; 2Anna Maria 

Hoffmann-Vold, MD, PhD, Håvard Fretheim, MD, Torhild Garen, MD, PhD, 

Øyvind Molberg, MD, PhD: Oslo University Hospital, Oslo and Institute of Clinical 

Medicine, University of Oslo, Oslo, Norway; 3Sonia Pezet, Anne Cauvet, Agathe 

Leblond: INSERM U1016, UMR8104, Cochin Institute, Paris Descartes University, 

Paris, France; 4Masataka Kuwana, MD, PhD: Nippon Medical School, Tokyo, Japan. 

 
 

Drs. Elhai and Hoffmann-Vold contributed equally to this work. 

No potential conflicts of interest relevant to this article were reported. 

Address correspondence to Yannick Allanore, MD, PhD, Cochin Institute, 

INSERM U1016, UMR 8104, Paris Descartes University, Rheumatology A 

Department, Cochin Hospital, 27 Rue du Faubourg St. Jacques, 75014 Paris, 

France. E-mail: yannick.allanore@cch.aphp.fr. 

 

mailto:yannick.allanore@cch.aphp.fr




 

 

 

With the recent development of new treatments for lung 

fibrosis, it is critical to identify those patients who will develop lung 

disease at an earlier stage, and to rapidly identify those whose 

disease will progress to extensive lung fibrosis (8–10). Moreover, 

enriched populations of patients would facilitate clinical trials and 

the faster development of innovative therapies. To date, no val- 

idated lung functional/radiologic measures or serologic markers 

that would allow the prediction of progression of lung fibrosis over 

time in patients with SSc have been developed; such measures 

could help individualize the management of specific risk in each 

patient (11). Therefore, there is a growing interest in identifying 

biomarkers for the 1) diagnosis of lung fibrosis, 2) assessment 

of lung fibrosis severity, and 3) prognosis in patients with SSc 

who have already been diagnosed as having ILD (prediction of 

lung fibrosis worsening) (12). Four promising serum biomarkers 

of SSc-associated ILD have so far been suggested, including 

lung epithelial–derived surfactant protein D (SP-D), Krebs von den 

Lungen 6 glycoprotein (KL-6), CCL18, and soluble OX40 ligand 

(OX40L). However, results have been conflicting with regard to the 

sensitivity and specificity of these candidate biomarkers and their 

performance in the prediction of outcomes, with some limitations 

being attributable to small sample sizes and variability in outcome 

measures (12–19). 

The objectives of the present study in a large cohort of 

patients with SSc were to assess the performance of these 4 can- 

didate biomarkers for the 1) diagnosis of SSc-associated ILD, 2) 

assessment of lung fibrosis severity, and 3) prognosis (risk strati- 

fication) among SSc patients diagnosed as having lung fibrosis at 

baseline. 

 

PATIENTS AND METHODS 

Study cohorts. Taking advantage of our previous close 

collaboration with regard to SSc-associated ILD, we built a 

large cohort of 427 patients with SSc constituted by 2 patient 

populations, issued from Norway and France. In this combined 

cohort, all patients fulfilled the American College of Rheuma- 

tology/European League Against Rheumatism 2013 classi- 

fication criteria for SSc (20). Entry criteria included requiring 

patients to have longitudinal data from paired PFTs and lung 

HRCT, as well as baseline serum samples available for bio- 

marker analyses. Data on demographic features, disease sub- 

set, antibodies, disease duration, smoking status, the pres- 

ence of internal organ involvement, and treatments were also 

collected. Time of onset of SSc was defined as the appear- 

ance of the first non-Raynaud’s symptom. Disease duration 

was defined as the time between the first non-Raynaud’s 

symptom and blood sample collection. The follow-up period 

was defined as the time from baseline lung assessment to last 

available lung assessment. 

For the Norwegian cohort, the study was approved by the 

Regional Committee of Health and Medical Research Ethics in 

South-East Norway. All patients in the French cohort signed an 

informed consent form that was approved by the local institutional 

review boards (Comité de Protection des Personnes, Paris Ile de 

France 3). 

 
Serial assessment of SSc-associated ILD. In both 

centers, all patients with SSc are assessed by HRCT and PFTs 

at the time of the first visit. In the French cohort, each patient 

undergoes PFTs at least annually, whereas HRCT is repeated only 

in cases of clinical or functional suspicion of disease progression. 

In the Norwegian cohort, all patients are followed up annually with 

HRCT and PFTs. In instances of severe ILD and any ILD that has 

been treated, the patients are followed up every 3 months with 

clinical evaluations and PFTs, and annually with HRCT. 

Lung fibrosis was diagnosed using HRCT (21). Reticular- 

pattern abnormalities and ground-glass opacities were defined 

as being equivalent to fibrosis, and were measured by drawing 

the region of interest. Paired PFTs and HRCT lung images were 

obtained both at baseline and at the last available follow-up visit. 

The extent of fibrosis on baseline and follow-up HRCTs 

was measured in a manner as previously described, with results 

expressed as the percentage of fibrosis based on total lung vol- 

ume (22). CT images were reconstructed at a section thickness of 

1.25 mm in 10-mm intervals, and were reviewed in a blinded man- 

ner (by ME for the French cohort and by AMHV for the Norwegian 

cohort), using a simple staging system that was developed by 

Goh and colleagues (23). Extensive lung disease was defined as 

>20% extent of fibrosis on HRCT or 10–30% extent of fibrosis and 

a forced vital capacity (FVC) of <70% (23). 

PFTs were performed within 1 month of the corresponding 

HRCT, with results expressed as the percent predicted. A decline 

in the lung diffusing capacity for carbon monoxide (DLco) of >15% 

and a decline in the FVC of >10% were defined as being clini- 

cally significant (8). Analyses of the DLco were conducted after 

exclusion of patients with pulmonary arterial hypertension (PAH). 

A composite outcome for decline in lung function was created, 

which included an FVC decline from baseline of ≥10% or an FVC 

decline of 5–9% in addition to a DLco decline of ≥15% (24). 

At baseline, the following lung parameters were assessed: 

1) presence of lung fibrosis on HRCT, 2) any lung fibrosis with an 

FVC of <70% predicted, 3) presence of extensive lung disease 

(23), 4) a DLco of <60% predicted, and 5) correlation with the 

extent of fibrosis, FVC, and DLco. 

For longitudinal analyses, only patients with lung fibrosis 

at baseline were analyzed. The primary outcome was a decline 

in the FVC of >10% predicted during follow-up. The second- 

ary outcomes were 1) a decline in the FVC of >10%, with an 

FVC of <80% predicted at follow-up, 2) de novo development of 

extensive lung disease (23), 3) the composite outcome for lung 

function decline (24), and 4) a decrease in the DLco of >15%. 

Explanatory analyses involved assessment of the predictive 

value of each serum biomarker for predicting the risk of death. 



 

 
 

Quantitative analyses of candidate serum bio- 

markers. Blood samples from both cohorts were obtained 

with the same standardized procedures, and processing and 

storing of the blood samples was similar between the Oslo and 

Paris cohorts. Collection of serum samples occurred a mean 

± SD 0.2 ± 1.5 months (range −6.7, −11.9 months) before the 

PFTs and HRCT. Blood was collected during a standard of 

care blood withdrawal, and then centrifuged at room temper- 

ature within 30 minutes. Serum aliquots were stored at −70°C 

until assayed. 

Specific enzyme-linked immunosorbent assay (ELISA) kits 

were used to analyze the patients’ serum for circulating KL-6 

(Sekisui Medical), SP-D (DSFPD0; Bio-techne), CCL18 (DCL180B; 

Bio-techne), and soluble OX40L (CSB-E12752h-5; Clinisciences). 

According to the manufacturer’s protocol, standard samples were 

run in duplicate, and the coefficients of variation for each respec- 

tive kit were <15%, 9.3%, 9.1%, and 3.4%. 

 
Statistical analysis. Statistical analyses were performed 

using MedCalc version 12.7. Categorical results were pre- 

sented as counts and percentages, and continuous variables 

as the mean ± SD. Chi-square tests and t-tests were used   for 

group comparisons, as appropriate. The accuracy of each 

serum biomarker for diagnosing the different severities of lung 

damage at baseline was assessed by receiver operating char- 

acteristic (ROC) curve analysis (using the area under the ROC 

curve [AUC]). The correlation of each biomarker with quanti- 

tative values was assessed using Spearman’s rho correlation 

coefficients. High levels of the biomarkers were calculated from 

ROC curves obtained for the diagnosis of lung fibrosis. The 

 

Table 1. Demographic and clinical characteristics of the patients in each cohort at baseline* 

Combined cohort Norwegian cohort French cohort 
Characteristic (n = 427) (n = 262) (n = 165) 

Male sex 78/427 (18.3) 42/262 (16.0) 36/165 (21.8) 

Diffuse subtype 151/427 (35.4) 80/262 (30.5) 71/165 (43)† 

Age, mean ± SD years 59.6 ± 13.6 61.1 ± 13.6 57.2 ± 8.5‡ 

Disease duration, mean ± SD years 6.2 ± 6.2 4.3 ± 2.8 9.3 ± 8.5‡ 

Anti–topoisomerase I 101/427 (23.6) 41/262 (15.6) 60/165 (36.4)‡ 

ACAs 181/427 (42.4) 135/262 (51.5) 46/165 (27.9)‡ 

Anti–RNA polymerase III 33/427 (7.7) 28/262 (10.7) 5/165 (3.0)‡ 

Smoking, past or current 170/422 (40.3) 116/257 (45.1) 54/165 (32.7)† 

Precapillary PH 39/416 (9.4) 24/251 (9.6) 15/165 (9.1) 

SRC 18/421 (4.3) 17/256 (6.6) 1/165 (0.6)‡ 

Digital ulcers, past or current 187/417 (44.8) 114/252 (45.2) 73/165 (44.2) 

MRSS, mean ± SD (no. assessed) 9.1 ± 9.5 (406) 8.8 ± 9.1 (247) 9.4 ± 10.2 (159) 

MRSS ≥14 107/406 (26.3) 59/247 (23.9) 48/159 (30.2) 

Lung fibrosis 234/415 (56.4) 149/250 (59.6) 85/165 (51.5) 

Extent of lung fibrosis, mean ± SD %§ 14.6 ± 15.1 10.3 ± 13.1 22.4 ± 15.4‡ 

FVC, mean ± SD % predicted 95.5 ± 21.1 95.3 ± 19.7 95.8 ± 23.3 

DLco, mean ± SD % predicted 66.1 ± 19.7 66.4 ± 20.1 65.6 ± 19.1 

Lung fibrosis and FVC <70% predicted 48/415 (11.6) 27/250 (10.8) 21/165 (12.7) 

Extensive disease 66/427 (15.5) 30/262 (11.4) 36/165 (21.8) 

DLco <60% predicted¶ 119/376 (31.6) 76/238 (31.9) 43/138 (31.2)† 

CCL18 levels, mean ± SD ng/ml 67.6 ± 40.1 69.3 ± 45.3 64.9 ± 29.9 

SP-D levels, mean ± SD ng/ml 15.0 ± 11.8 15.9 ± 12.3 13.7 ± 11.0 

KL-6 levels, mean ± SD units/ml 963.3 ± 1,129.9 728 ± 1,004 1,336 ± 1,218‡ 

OX40L levels, mean ± SD ng/ml 2.8 ± 2.5 2.4 ± 2.2 3.5 ± 2.9‡ 

* Lung fibrosis was diagnosed on high-resolution computed tomography. Precapillary pulmonary hypertension (PH) was diag- 

nosed at the time of right-sided heart catheterization. Except where indicated otherwise, values are the number/total number 

(%) of patients. ACAs = anticentromere antibodies; SRC = scleroderma renal crisis; MRSS = modified Rodnan skin thickness score 

(maximum possible score of 51); FVC = forced vital capacity; SP-D = lung epithelial–derived surfactant protein D; KL-6 = Krebs von 

den Lungen 6 glycoprotein; OX40L = OX40 ligand. 

† P < 0.05 versus Norwegian cohort. 

‡ P < 0.01 versus Norwegian cohort. 

§ Extensive disease (% of affected lung area) in patients with lung fibrosis was defined according to the staging system described 

by Goh and colleagues (23). 

¶ The lung diffusing capacity for carbon monoxide (DLco) was determined after exclusion of 39 patients with precapillary PH. 



 

 

 

sensitivity, specificity, positive predictive value (PPV), and neg- 

ative predictive value (NPV) were calculated. Logistic regres- 

sion analyses, using odds ratios (ORs) with 95% confidence 

intervals (95% CIs), were carried out to assess the potential 

risk factors for SSc-associated ILD at baseline, including all 

factors that yielded significance values of P less than 0.1 in 

univariate analysis. Multivariate analyses were adjusted for age 

and disease duration, and significance was determined after 

Bonferroni correction for multiple comparisons. Following this 

analysis, we constructed a matrix-based logistic regression to 

assess the probability of lung fibrosis, and using this matrix 

model, we were able to stratify the patients into 3 groups of risk 

(mild, moderate, and high). 

The  individual value of  each biomarker and/or   combi- 

nation of some of these biomarkers was assessed to pre- dict 

the worsening of ILD. Potential prognostic factors were first 

analyzed using a Cox proportional hazards regression model 

(with hazard ratios [HRs]) in single-variable analysis. All 

factors emerging with significance values of P less than 

0.10 by single-variable analysis were included in a multiple- 

variable model that was adjusted for age and disease dura- 

 
tion. Using this model, we built a matrix-based logistic regres- 

sion in which we assessed patients with ILD at baseline to 

identify those whose disease would likely progress during the 

follow-up (25). A P value less than 0.05 was considered 

statistically significant. 

The XLSTAT-Power program was used to estimate the 

power observations associated with the Cox regression model 

in the Norwegian cohort, the French cohort, and the combined 

cohort. The statistical power of this sample was determined, 

taking into account our sample size, a type I error rate of 5%, 

and the observed frequency of each outcome. 

 

RESULTS 

Clinical characteristics of the patients. The study 

cohort comprised 427 patients (262 Norwegian patients from 

the Oslo University Hospital SSc cohort, and 165 French 

patients from the Paris Cochin Hospital SSc cohort), including 

151 patients (35%) with diffuse cutaneous SSc. The mean ± 

SD disease duration was 6.2 ± 6.2 years. The baseline HRCT 

showed findings consistent with lung fibrosis in 234 (56.4%) 

 

 
 

Figure 1. Diagnostic performance of serum levels of Krebs von den Lungen 6 glycoprotein (KL-6) (orange), CCL18 (blue), OX40 ligand (OX40L) 

(green), and lung epithelial–derived surfactant protein D (SP-D) (brown) for a diagnosis of lung fibrosis on high-resolution computed tomography 

(HRCT) (A), for severe lung fibrosis (defined as the presence of fibrosis on HRCT and a forced vital capacity of <70% predicted) (B), for extensive 

lung fibrosis (as defined by Goh et al [23]) (C), and for a diffusing capacity for carbon monoxide of <60% predicted (after exclusion of 39 patients 

with pulmonary arterial hypertension) (D) in the combined cohort of patients with systemic sclerosis. Values were calculated using area under the 

receiver operating characteristic (ROC) curves (AUCs). The x-axes correspond to 100 – specificity, and the y-axes correspond to sensitivity. In A, 

for KL-6, AUC 0.689 (95% confidence interval [95% CI] 0.642–0.734) (P < 0.0001); for CCL18, AUC 0.592 (95% CI 0.543–0.640) (P = 0.001); for 

OX40L, AUC 0.521 (95% CI 0.471–0.570) (P = 0.4683); and for SP-D, AUC 0.649 (95% CI 0.601–0.695) (P < 0.0001). In B, for KL-6, AUC 0.809 

(95% CI 0.769–0.846) (P < 0.0001); for CCL18, AUC 0.657 (95% CI 0.609–0.702) (P < 0.0001); for OX40L, AUC 0.590 (95% CI 0.542–0.638) 

(P = 0.0447); and for SP-D, AUC 0.613 (95% CI 0.564–0.659) (P = 0.0209). In C, for KL-6, AUC 0.850 (95% CI 0.813–0.883) (P < 0.0001); for 

CCL18, AUC 0.671 (95% CI 0.624–0.716) (P < 0.0001); for OX40L, AUC 0.596 (95% CI 0.547–0.643) (P = 0.0195); and for SP-D, AUC 0.634 

(95% CI 0.587–0.680) (P = 0.0012). In D, for KL-6, AUC 0.663 (95% CI 0.613–0.711) (P < 0.0001); for CCL18, AUC 0.584 (95% CI 0.532–0.635) 

(P = 0.0097); for OX40L, AUC 0.517 (95% CI 0.465–0.569) (P = 0.6064); and for SP-D, AUC 0.617 (95% CI 0.566–0.667) (P = 0.0002). Color 

figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/art.40815/abstract. 

http://onlinelibrary.wiley.com/doi/10.1002/art.40815/abstract


 

 
 

of the 415 SSc patients assessed. Other characteristics of the 

cohort at baseline, including the results of PFTs, are summa- 

rized in Table 1. 

During a mean ± SD follow-up of 3.2 ± 4.4 years, 34 

(14.5%) of 234 patients (having lung fibrosis at baseline) had a 

decline in the FVC of >10%, whereas 26 (11%) developed exten- 

sive lung disease de novo. During the follow-up, 93 (39.7%) of 

234 patients with baseline lung fibrosis were treated with immu- 

nosuppressants, of whom 45 (48.4%) received methotrexate, 41 

(44.1%) received mycophenolate mofetil, 34 (36.6%) received 

cyclophosphamide, 31 (33.3%) received azathioprine, and 25 

(26.9%) received rituximab, while 2 patients underwent autol- 

ogous stem cell transplantation. In total, 89 (38.0%) of the 234 

patients with SSc-associated ILD at baseline were treated with 

steroids during the follow-up. 

 
Assessment of diagnosis of lung fibrosis at base- 

line. SSc patients with a diagnosis of lung fibrosis could be 

discriminated on the basis of the baseline serum levels of KL- 

6, SP-D, and CCL18, with the best AUCs observed for KL-6 

(AUC 0.689, 95% CI 0.642–0.734; P < 0.001) (best cutoff value 

923 units/ml, with a sensitivity of 44%, specificity of 85%, PPV 

of 79%, and NPV of 54%) and for SP-D (AUC 0.649, 95% CI 

0.601–0.695; P < 0.001) (best cutoff value 19.880 ng/ml, with a 

sensitivity of 36%, specificity of 88%, PPV of 79%, and NPV of 

51%). With regard to assessment of CCL18 serum levels for the 

identification of patients with lung fibrosis at baseline, the AUC 

was 0.592 (95% CI 0.543–0.640; P = 0.001) (best cutoff value 

56.6 ng/ml, with a sensitivity of 62%, specificity of 58%, PPV of 

66%, and NPV of 54%). The ROC curve for the diagnosis of lung 

fibrosis according to OX40L levels was not statistically significant 

(Figure 1A). 

Using the best cutoff values, we considered the 4 serum pro- 

tein markers as qualitative variables, and separated patients into 

high and low levels of each protein. In univariate analyses, all 4 of 

the biomarkers were associated with lung fibrosis at baseline. In 

multivariate analyses adjusted for age and disease duration, high 

serum levels of SP-D (OR 3.15, 95% CI 1.81–5.48; P < 0.001), 

high serum levels of KL-6 (OR 2.41, 95% CI 1.43–4.07; P = 0.001), 

and presence of anti–topoisomerase I antibodies (OR 3.76, 95% 

CI 1.96–7.21; P < 0.001) were independently associated with a 

diagnosis of lung fibrosis, with the highest weight for the combina- 

tion of SP-D and anti–topoisomerase I antibodies (Table 2). 

We built a matrix logistic regression model based on this 

analysis, and using this matrix model, we were able to stratify 

patients into 3 groups of risk for the diagnosis of lung fibrosis 

according to the baseline serum levels of SP-D and the presence 

of anti–topoisomerase I antibodies (mild risk, 30–44%; moderate 

risk, 45–70%; and high risk, ≥70%) (Figure 2A). This model had 

a sensitivity of 97%, specificity of 69%, PPV of 80%, and NPV of 

95% for the diagnosis of SSc-associated ILD. 

 
Assessment of lung fibrosis severity at baseline. The 

baseline serum levels of all 4 proteins could identify patients with 

restrictive lung disease (FVC <70% predicted) underlying lung 

fibrosis, with KL-6 being the strongest biomarker, having an AUC 

of 0.803 (95% CI 0.769–0.846) (P < 0.001) (Figure 1B). In univari- 

ate analysis, all 4 biomarkers were associated with restrictive lung 

disease, whereas in multivariate analysis, only KL-6 serum levels 

(OR 5.24, 95% CI 2.61–10.53; P < 0.001) and anti–topoisomer- 

ase I antibodies (OR 3.76, 95% CI 1.96–7.21; P < 0.001) were 

significantly associated with restrictive lung disease (Table 2). 

Consistently, KL-6 was the most discriminant biomarker for 

extensive lung disease (23) (AUC 0.850, 95% CI 0.813–0.883; 

 

Table 2. Association of biomarkers with lung fibrosis and restrictive lung disease at baseline in multivariate analyses* 

Lung fibrosis Restrictive lung disease 
  

Variable P OR (95% CI) P OR (95% CI) 

High KL-6 0.001 2.411 (1.429–4.071) <0.001 5.243 (2.610–10.533) 

High CCL18 NS – NS – 

High OX40L NS – NS – 

High SP-D <0.001 3.153 (1.814–5.479) NS – 

MRSS ≥14 NS – NS – 

Anti–topoisomerase I antibodies <0.001 3.762 (1.963–7.209) 0.003 2.782 (1.406–5.503) 

Male sex NS – 0.036 – 

Diffuse cutaneous form of SSc 0.022 – NS – 

* Restrictive lung disease in patients with systemic sclerosis (SSc) was defined as the presence of lung fibrosis on high-resolution 

computed tomography and a forced vital capacity of <70% predicted. Variables identified as significant at P < 0.1 in univariate 

analysis were tested in multivariate analyses, which were adjusted for age and disease duration. Cutoff values to define high 

levels of biomarkers were obtained from receiver operating characteristic curves. High serum biomarker levels were defined as 

follows: for Krebs von den Lungen 6 glycoprotein (KL-6), ≥923 IU/ml; for CCL18, ≥56.5722 ng/ml; for OX40 ligand (OX40L), ≥4.4348 

ng/ml; for lung epithelial–derived surfactant protein D (SP-D), ≥19.880 ng/ml. In multivariate analyses, significance values at 

P < 0.006 were obtained after Bonferroni correction for multiple comparisons. OR = odds ratio; 95% CI = 95% confidence interval; 

NS = not significant; MRSS = modified Rodnan skin thickness score. 



 

 

 

 
 

Figure 2. Matrix models. A, Risk of lung fibrosis on high-resolution computed tomography according to lung epithelial–derived surfactant 

protein D (SP-D) serum levels as well as presence of anti–topoisomerase I antibodies at baseline. Three groups of risk could be identified, 

stratifying patients as being at high, moderate, or low risk of lung fibrosis. B, Risk of worsening of lung fibrosis during the follow-up in patients 

with lung fibrosis at baseline, according to CCL18 serum levels, the use of immunosuppressive treatments, and male versus female sex. Three 

groups of risk could be identified, stratifying patients as being at high, moderate, or low risk of worsening of lung fibrosis. Immunosuppressive 

drugs correspond to treatment given during the follow-up and include methotrexate, mycophenolate mofetil, azathioprine, cyclophosphamide, 

anti–tumor necrosis factor, tocilizumab, rituximab, and autologous stem cell transplantation. 

 
 

P < 0.001) (Figure 1C). In univariate analysis, the 4 serum proteins 

were associated with extensive lung disease, whereas in multivar- 

iate analysis, only associations with KL-6 serum levels (OR 8.33, 

95% CI 4.30–16.14; P < 0.001) and anti–topoisomerase I anti- 

bodies (OR 2.87, 95% CI 1.51–5.45; P = 0.001) were significant. 

All 4 of the serum biomarkers could identify patients with a 

DLco of <60% predicted (after exclusion of 39 patients with PAH), 

but KL-6 showed the strongest association (Figure 1D). In univari- 

ate analysis, serum levels of KL-6, SP-D, and CCL18 were associ- 

ated with a DLco of <60% predicted, whereas in multivariate anal- 

ysis, only the KL-6 serum level was significantly associated with a 

DLco of <60% predicted (OR 2.91, 95% CI 1.77–4.79; P < 0.001). 

All 4 biomarkers correlated with the extent of fibrosis, but 

the serum levels of KL-6 were the most strongly correlated with 

the extent of fibrosis (r = 0.551, P < 0.001) as well as with the 

FVC (r = −0.317, P < 0.001) and the DLco (r = −0.335, P < 

0.001). 

 
Predictive value of biomarkers in longitudinal 

analyses of SSc patients having ILD at baseline. Primary 

outcome. In univariate analyses, only high serum levels of CCL18 

were predictive of a decrease in the FVC of >10% during the 

follow-up (Figure 3). In multivariate Cox analyses adjusted for age 

and disease duration, high serum levels of CCL18 (HR 2.90, 95% 

CI 1.25–6.73; P = 0.01) and male sex (HR 2.48, 95% CI 1.16– 

5.30; P = 0.02) were independent predictors of a decrease in 

the FVC of >10%, whereas the use of immunosuppressive drugs 

during the follow-up was protective against a decline in the FVC 

(HR 0.39, 95% CI 0.17–0.87; P = 0.02) (Table 3). 

Based on these results, we built a matrix model for prog- 

nosis. Among SSc patients with ILD at baseline, this prognostic 

model was able to identify those at low risk (<15%), mild risk 

(15–24%), or high risk (≥25%) of worsening of lung fibrosis dur- 

ing the follow-up (Figure 2B). 

Secondary outcomes. In univariate analysis, CCL-18 serum 

levels and a modified Rodnan skin thickness score of ≥14 were 

predictors of a decrease in the FVC of >10% and an FVC of <80% 

predicted at follow-up, whereas the use of immunosuppressive 

drugs was protective (Figure 3B). However, in multivariate analysis, 

none of the variables showed a significant association with the FVC. 

In univariate analysis, CCL18 and SP-D serum levels were 

predictive of the de novo development of extensive disease dur- 

ing the follow-up period (Figure 3C). In multivariate Cox analysis, 

only high serum levels of CCL18 (HR 3.71, 95% CI 1.02–13.52; 

P < 0.05) and high serum levels of SP-D (HR 2.47, 95% CI 1.07– 

5.71; P = 0.03) were independently predictive of the de novo 

development of extensive disease, whereas the use of immuno- 

suppressive drugs was protective against extensive disease (HR 

0.33, 95% CI 0.12–0.89; P = 0.03) (Table 3). 

In multivariate analyses, only high serum levels of CCL18 

at baseline predicted the composite outcome of lung function 

decline (Figure 3D) (24) and decrease in the DLco of >15% (after 

exclusion of 21 patients with precapillary pulmonary hypertension) 

during the follow-up (HR 3.00, 95% CI 1.43–6.28 [P < 0.01] and 



 

 
 
 

 
 

Figure 3. Forest plots from Cox univariate analyses analyzing the predictive value of the serum biomarkers and other variables for worsening of 

lung fibrosis, using the following outcomes: a decrease in the forced vital capacity (FVC) of >10% predicted (A), a decrease in the FVC of >10% 

predicted and an FVC at follow-up of <80% predicted (B), de novo development of extensive disease (C), and development of a composite 

outcome (D). Solid squares with bars represent the hazard ratios with 95% confidence intervals. Extensive disease, according to that described 

by Goh and colleagues, was defined as extent of fibrosis >20% on high-resolution computed tomography or extent of fibrosis 10–30% and an 

FVC of <70% predicted (23). A composite outcome for lung function decline was defined as an FVC decline from baseline of ≥10% or an FVC 

decline of 5–9% in addition to a decline in the diffusing capacity for carbon monoxide of ≥15% (24). Immunosuppressive (IS) drugs were those 

given during the follow-up and included methotrexate, mycophenolate mofetil, azathioprine, cyclophosphamide, anti–tumor necrosis factor, 

tocilizumab, rituximab, and autologous stem cell transplantation. KL-6 = Krebs von den Lungen 6 glycoprotein; OX40L = OX40 ligand; SP-D = 

lung epithelial–derived surfactant protein D; MRSS = modified Rodnan skin thickness score; anti-Topo I = anti–topoisomerase I antibodies. 

Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/art.40815/abstract. 
 

HR 3.00, 95% CI 1.27–7.11 [P = 0.01]). No biomarker was predic- 

tive of short-term (1-year) lung fibrosis worsening. 

In patients who had lung fibrosis at baseline and who 

received immunosuppressive drugs during the follow-up, 9 (9.9%) 

of 91 displayed a worsening of ILD. There was a trend toward a 

worse ILD outcome in patients who had high baseline serum lev- 

els of CCL-18, but this did not reach significance (HR 2.39, 95% 

CI 0.60–9.60; P = 0.22). 

 
Explanatory analyses. In total, 53 deaths (22.6% of 

patients) were recorded in the group of SSc patients with ILD. 

None of the 4 biomarkers was predictive of death. 

 

DISCUSSION 

The results of our study have highlighted the respective posi- 

tioning of these 4 candidate serum biomarkers in patients with 

SSc-associated ILD, in which the SP-D serum level appears to 

be the best biomarker for the diagnosis of SSc-associated ILD, 

whereas KL-6 serum levels are discriminant for measuring the 

severity of SSc-associated ILD. In longitudinal analyses, CCL18 

serum levels appeared to be a strong prognostic marker for pro- 

gression of SSc-associated ILD. 

A biomarker is “a characteristic objectively measured and 

evaluated as an indicator of normal biological processes, path- 

ogenic processes, or pharmacologic responses to a therapeu- 

tic intervention” (2). Biomarkers can be divided into 3 categories 

of utility: diagnostic, prognostic (predicting the development of 

a complication), and predictive (predictive of the response to a 

therapy). In our study, the serum level of SP-D was a strong bio- 

marker for the diagnosis of SSc-associated ILD. Indeed, by com- 

bining SP-D serum levels with the presence of anti–topoisomer- 

ase I antibodies, we could accurately discriminate, at baseline, 

3 distinct groups of patients at risk of lung fibrosis, with a sensi- 

tivity of 97%, specificity of 69%, PPV of 80%, and NPV of 95%. 

KL-6 was identified as a strong biomarker for staging lung fibrosis 

severity, with a performance that was superior to that of clinical 

characteristics of the disease, antibodies, and other biomarkers. 

Interestingly, we observed moderate-to-high correlations between 

KL-6 serum levels and the FVC, DLco, and extent of fibrosis on 

HRCT, in accordance with previous studies (25–28). 

Taken  together, these results hold great promise for  early 

detection of SSc patients who might be considered at high risk of 

developing ILD by using systematic measurement of SP-D serum 

levels and autoantibodies at the time of SSc diagnosis, whereas 

serum levels of KL-6 could be used to assess ILD severity. In the 

http://onlinelibrary.wiley.com/doi/10.1002/art.40815/abstract


 

 
 

Table 3. Factors predictive of worsening of lung fibrosis during the follow-up in multivariate Cox analysis* 

Decrease in FVC >10% Extensive disease de novo 
  

Variable P HR (95% CI) P HR (95% CI) 

High KL-6 NS – NS – 

High CCL18 0.014 2.901 (1.250–6.735) 0.048 3.712 (1.019–13.522) 

High OX40L NS – NS – 

High SP-D NS – 0.035 2.470 (1.068–5.713) 

MRSS ≥14 NS – NS – 

Anti–topoisomerase I antibodies NS – NS – 

Male sex 0.019 – NS – 

Diffuse cutaneous form of SSc NS 2.485 (1.165–5.298) NS – 

Immunosuppressive drugs 0.022 0.387 (0.173–0.869) 0.029 0.329 (0.122–0.887) 

Steroids NS – NS – 

* Variables identified as significant at P < 0.1 in Cox univariate analysis were tested in multivariate analyses, which were adjusted 

for age and disease duration. The analysis included only systemic sclerosis (SSc) patients with lung fibrosis at baseline. Extensive 

disease, according to the staging system of Goh and colleagues (23), was defined as extent of fibrosis >20% on high-resolution 

computed tomography or extent of fibrosis 10–30% and a forced vital capacity (FVC) of <70% predicted (23). Cutoff values to define 

high levels of biomarkers were obtained from receiver operating characteristic curves for diagnosis of lung fibrosis. High serum 

biomarker levels were defined as follows: for Krebs von den Lungen 6 glycoprotein (KL-6), ≥923 IU/ml; for CCL18, ≥56.5722 ng/ml; 

for OX40 ligand (OX40L), ≥4.4348 ng/ml; for lung epithelial–derived surfactant protein D (SP-D), ≥19.880 ng/ml. Immunosuppressive 

drugs correspond to treatment given during the follow-up, including methotrexate, mycophenolate mofetil, azathioprine, cyclo- 

phosphamide, anti–tumor necrosis factor, tocilizumab, rituximab, and autologous stem cell transplantation. HR = hazard ratio; 95% 

CI = 95% confidence interval; NS = not significant; MRSS = modified Rodnan skin thickness score. 

 

future, this could help determine whether or not HRCT should be 

performed in an individual SSc patient according to the patient’s 

specific risk of lung fibrosis. This early risk stratification might avoid 

unnecessary and expensive radiating imaging. 

The ultimate goal in utilizing a biomarker is to improve 

the patient’s prognosis, thereby leading to the development 

of personalized medicine, which is a crucial unmet need in a 

heterogeneous disease such as SSc. The results of our study 

validate the CCL-18 serum level as a strong prognostic bio- 

marker of the worsening of SSc-associated ILD over a 3-year 

period (15,19,22,29–31). Previously, small-sized studies from 

France and Germany showed that high CCL18 serum levels were 

associated with a decrease of >10% in the FVC over 4 years 

and 2 years, respectively (30,31). More recently, we observed 

that high CCL18 serum levels were predictive of a decline in the 

FVC of >10% (22). Our study strengthens these previous findings 

through a larger sample size with more accurate analyses, includ- 

ing multivariate analyses in which other clinical and biologic data 

as well as other relevant ILD biomarkers were taken into account. 

Of most interest, unlike previous studies, we restricted our 

longitudinal analysis to patients whose HRCT had already shown 

evidence of ILD at baseline (22,29,31,32). Indeed, there is a cru- 

cial need to identify, at the time of diagnosis, those SSc patients 

with ILD whose disease will rapidly progress to an extensive fibro- 

sis. Herein, our study showed that high serum levels of CCL18 

multiplied by 3 the risk of a 10% decrease in the FVC in patients 

with SSc-associated ILD. To better help clinicians in delineating 

the prognosis in their patients, we constructed a matrix model 

based on the presence of ILD at baseline, which showed that 

female patients with low serum levels of CCL18 had a very low 

risk of lung fibrosis worsening during the follow-up, whereas male 

patients with CCL18 serum levels of more than 84 pg/ml were at 

high risk of lung fibrosis worsening. Thus, measurement of the 

CCL-18 serum level at baseline could help in risk stratification of 

SSc patients with ILD and should lead to close monitoring of high- 

risk patients (male, high serum levels of CCL18) by repeated PFTs 

and HRCT. 

In the US Genetics versus Environment in Scleroderma 

Outcome Study (GENISOS), comprising 266 patients with SSc, 

the serum level of CCL18 was a predictor of short-term (1-year) 

decline in the FVC, but not over the longer term (32). Some dif- 

ferences between our study and the GENISOS study may be 

explained by the following discrepancies. The GENISOS cohort 

included a high proportion of African American patients and 20% 

of the cohort were positive for anti–RNA polymerase III antibodies, 

whereas our study included only Caucasian patients and 8% of 

the patients had anti–RNA polymerase III antibodies. Furthermore, 

in the GENISOS study, both controls and patients had high serum 

levels of CCL18 (~2-fold over our cutoff value), which raises the 

question as to whether there were confounding factors responsi- 

ble for the increase in CCL18 levels (32). 

In our study, immunosuppressive drugs reduced lung fibro- 

sis worsening in SSc patients who had ILD at baseline. When 

considering only patients with SSc-associated ILD who received 

immunosuppressive drugs, there was a trend toward worse 

lung outcomes in patients with high baseline serum CCL18 



 

 
 

levels, but this did not reach significance (P = 0.22), probably 

because of the low number of events (9 of 91). Our study was 

conducted in 2 observational cohorts in which treatment reg- 

imens were heterogeneous, although we tried to address this 

limitation by adjusting for immunosuppressive agents in the mul- 

tivariate analyses. Therefore, this study was not well-suited for 

developing predictive biomarkers for response to specific ther- 

apeutic agents. 

Besides their clinical use, biomarkers are also relevant for 

the elucidation of disease mechanisms. KL-6 is expressed mainly 

on type II pneumocytes in alveoli and bronchiolar epithelial cells, 

particularly on proliferating and regenerating type II pneumocytes, 

and an increase in KL-6 levels in severe lung disease might reflect 

regeneration of lung epithelium secondary to lung damage. CCL18 

is constitutively produced by antigen-presenting cells, particularly 

by dendritic cells and macrophages in lung tissue, and is highly 

inducible by inflammatory stimuli. M2 macrophages are known 

to release CCL18, which attracts immune cells and was shown 

to directly stimulate collagen production in fibroblasts, contribut- 

ing to worsening of fibrosis (33,34). Thus, one might speculate 

that high CCL18 levels in the serum could reflect the activation 

status of M2 macrophages in ILD-affected lung tissue, provid- 

ing potential links between M2 macrophages, inflammation, and 

fibrosis and the pathogenesis of SSc-associated ILD. Our findings 

also support the identification of CCL18 as a potential therapeutic 

target. 

To our knowledge, our study is the largest study of poten- 

tial lung biomarkers in SSc to date with prospective standardized 

lung assessment, comparing concomitantly 4 of the most prom- 

ising ILD markers and including both HRCT and PFT data as well 

as data from multivariate analyses. Furthermore, only 22 patients 

(5%) of the cohort were lost to follow-up. 

Although the serum level of SP-D was a strong predictor of 

lung fibrosis at baseline, in longitudinal analyses, SP-D was not 

predictive of lung fibrosis worsening in most of the analyses. 

These results are not consistent with those of previous studies 

(35,36), but those earlier studies were small-sized, diagnosed lung 

fibrosis by radiography rather than HRCT, included both mixed 

connective tissue diseases and SSc, and did not perform multi- 

variate analyses. 

We previously highlighted OX40L both as an important 

mechanistic molecule and as a candidate biomarker in lung fibro- 

sis (19). Herein in the multivariate analyses, we did not confirm 

these previous results with regard to OX40L, although a significant 

association with lung fibrosis was observed in some univariate 

analyses (19). 

In view of the potential clinical use of biomarkers, it is estab- 

lished that a biomarker assay should only be used to guide 

management if it has 1) analytic validity, 2) clinical validity, and 3) 

clinical utility (37,38). Analytic validity implies that the test for the 

biomarker is accurate, reproducible, and reliable. This condition 

was fulfilled for the biomarkers discussed herein, since commer- 

cial ELISA kits were available for use. Clinical validity of the bio- 

markers was also demonstrated, since the serum levels of SP-D 

and CCL18 (in combination with biologic and clinical data) divided 

our cohort into 3 distinct risk groups for SSc-associated ILD diag- 

nosis and prognosis. Clinical utility, which implies that use of these 

biomarker tests would result in better outcomes, or in similar out- 

comes with less cost, should be studied further, and the sensitivity 

of the biomarkers to changes (since only baseline serum levels 

were available) should also be evaluated. Furthermore, the predic- 

tive value of our biomarkers for monitoring the clinical response to 

a treatment should be assessed. 

Our study has some limitations. The mean disease duration 

was 6 years, and therefore the results may not apply to patients 

with a longer disease duration. It is important to note that in 2 

key clinical trials investigating patients with SSc-associated ILD, 

the patients were recruited when disease duration was <7 years 

(39,40). Indeed, patients with earlier disease of more recent onset 

are those with the highest risk of progression; such patients might 

benefit from early risk stratification as a strategy to adapt the man- 

agement of their disease. 

Furthermore, rates of disease progression were low in both 

cohorts. Therefore, we combined the 2 cohorts to increase the 

number of events and the power of the study. 

SSc-associated ILD in the French patients was characterized 

by a more severe phenotype (more diffuse forms, higher frequency 

of anti–topoisomerase I antibodies, higher extent of lung fibrosis 

on CT scan) compared to the Norwegian cohort. However, both 

cohorts were investigated in a similar manner. 

In addition, the current project is an extension of our previ- 

ous study (19), from which we learned that the number of events 

and the statistical power is key for investigating ILD in SSc. 

When the cohorts were analyzed separately, the SP-D serum 

level was independently associated with lung fibrosis, and the 

KL-6 serum level was associated with severity of lung fibrosis in 

both cohorts (data not shown). However, in the longitudinal part 

of the study, the results were not consistent with regard to the 

prognostic value of the biomarkers in each independent cohort, 

mostly likely due to the low number of events and the lack of sta- 

tistical power. It was previously shown that baseline C-reactive 

protein (CRP) levels were predictive of long-term ILD progression 

(41). However, CRP was not examined as a biomarker in the 

present study, because CRP data were not available from a suf- 

ficient number of patients. 

We could not compare the value of our biomarkers in SSc- 

associated ILD with that in other diseases that present with lung 

fibrosis. However, the goal of the present study was more to 

improve SSc care rather than to validate lung fibrosis biomarkers 

that could be used in any context. 

Finally, since both cohorts included mainly Caucasians, our 

results cannot be extrapolated to other racial groups. 

To conclude, the serum level of SP-D was identified as a 

useful biomarker for early identification of SSc patients having 



 

 
 

developed ILD, whereas the serum level of KL-6 was the best 

biomarker for assessing severity of ILD. CCL18 serum levels 

could help in risk stratification for lung fibrosis worsening in SSc 

patients having lung fibrosis at baseline. 

Our risk models for the diagnosis and prognosis of SSc- 

associated ILD might help physicians optimize the management 

of their patient care, since these models could be used as an 

indication to perform HRCT (according to SP-D serum levels 

and presence of anti–topoisomerase I antibodies), to increase 

the frequency of ILD assessment over follow-up (according to 

CCL-18 serum levels), and perhaps, in the future, to optimize 

treatment strategies (such as identification of high-risk patients 

who might benefit from treatment or development of personal- 

ized therapies according to predictive biomarkers). Furthermore, 

our study findings should facilitate cohort enrichment in future 

clinical trials assessing lung therapies in SSc. 
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