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ABSTRACT 
Introduction: Predictors of lung function decline in systemic sclerosis (SSc) are unknown. Serum pneumoprotein 
levels, surfactant protein-D (SP-D) and Krebs von den Lungen-6 (KL-6), correlate with pulmonary damage. We 
aimed to test whether levels can predict rapid lung function decline in SSc. Methods: SSc patients who had serial 
pulmonary function tests (PFT) were analyzed for SP-D and KL-6 levels by enzyme linked immunosorbent assay. 
Levels were correlated with an annual rate of decline in % predicted forced vital capacity (FVC) of >−2% (out- 
come); controls did not experience this FVC decline. Uni- and multi-variate analysis, adjusting for age, disease 
duration, gender, baseline % predicted FVC, SP-D, and KL-6, was performed. Results are reported as mean ± 
SD. Results: Thirty three cases and 25 controls had a disease duration of 8.8 ± 7.3 and 8.3 ± 6.1 years, respec-
tively. In adjusted analyses, lung function decline correlated with greater baseline FVC OR = 1.03 [95% CI of 
1.00 - 1.07]; a trend towards significance was observed for greater levels of SP-D with FVC decline, OR = 1.37 
[95% CI of 0.96 - 2.12]. Conclusion: Our data provide evidence that SSc patients with long-standing disease are 
still at risk for lung function decline and SP-D levels may predict lung function decline. 
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1. Introduction 
Interstitial lung disease (ILD) is a significant complica- 
tion and the leading cause of mortality in systemic scle-
rosis (SSc), but progression to end-stage restrictive lung 
disease is variable [1]. Predictors of a rapidly progressive 
lung function decline are unknown, but if found could 
potentially capture patients destined for a rapidly deteri- 
orating course at an earlier point in their trajectory.  

Randomized clinical trials using cyclophosphamide to 
treat SSc patients with ILD (SSc-ILD) have not been able 
to demonstrate a significant stabilization or improvement 
in lung function beyond one year [2-4]. The outcome of 

these trials may have been influenced, in part, by the fact 
that only a minority of patients may have been at risk of 
rapid ILD progression. As current treatments for SSc- 
ILD carry significant toxicity, there is a pressing need for 
biomarkers that can identify patients at high risk for a 
rapid decline in lung function and in whom pharmaco- 
logic therapies would be of greatest benefit. Identifying 
such predictors would be of value to clinicians for clini- 
cal decision-making and to researchers when designing 
clinical trials for SSc-ILD. 

Surfactant protein-D (SP-D) and Krebs von den Lun- 
gen-6 (KL-6) are glycoproteins found in a lipoprotein 
milieu that lines the lungs’ terminal airways (alveoli). 
Type II pneumocytes are responsible for their expression *Corresponding author. 
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and, as a result, ensure alveolar stability and compliance 
[5,6]. Serum levels of these pneumoproteins are sensitive 
markers of SSc-ILD. Serum concentrations of these two 
pneumoproteins are significantly, inversely correlated 
with lung function parameters and positively correlated 
with radiographic changes of SSc-ILD [7-12]. It remains 
unknown whether SP-D and KL-6 levels correlate with 
the rate of lung function decline and are able to predict a 
rapid deterioration in lung function among SSc patients.  

In a multi-center, prospective, study of a large cohort 
of SSc patients, we set out to determine whether serum 
levels of these pneumoproteins can predict a rapid de- 
cline in % predicted FVC. 

2. Materials and Methods 
2.1. Study Population 
The Canadian Scleroderma Research Group (CSRG) 
Registry is a prospective, multi-center cohort comprised 
of 15 Canadian centers and greater than 1000 incident 
and prevalent SSc cases. Its purpose is to characterize 
clinical manifestations of and quality of life measures 
among SSc patients across Canada. Informed consent of 
registry patients was obtained and the research ethics 
board at each participating center approved the study 
protocol. 

The CSRG registry was searched for evaluable sub- 
jects from September 2004 to April 2009. Patients were 
eligible if they satisfied the following criteria: 1) met the 
American College of Rheumatology criteria for the di- 
agnosis of SSc, 2) had available baseline sera, 3) had at 
least two serial pulmonary function tests (PFTs) sepa- 
rated by a year, and 4) had available chest imaging (ei- 
ther chest X-rays (CXR) or chest computed tomography 
(CT) scans) [13]. 

2.2. Study Variables 
Sociodemographic data, including self-reported ethnicity, 
clinical manifestations of SSc, and serum are collected 
on patients at baseline and annually; scleroderma subtype 
is defined according to criteria by LeRoy et al. [13,14]. 
Age of SSc onset was calculated from date of birth until 
the date of first non-Raynaud’s symptom; disease dura-
tion was defined as the duration from first non-Raynaud’s 
symptom until baseline registry visit. Results from pul-
monary function tests (PFTs) and chest imaging (CXRs 
or CT scans) were recorded. 

Smoking status was categorized by past use, never 
smoked, or current smoker at baseline visit. Current and 
past pharmacologic treatment with methotrexate, azathi- 
oprine, cyclophosphamide, and mycophenolate mofetil 
were noted at study entry and at the last available follow- 
up study visit. Antinuclear antibody (ANA), anti-cen- 
tromere antibody, and anti-topoisomerase antibody were 

tested at study entry. 
The absolute and % predicted forced vital capacity 

(FVC), total lung capacity (TLC) and diffusion capacity 
for carbon monoxide (DLCO) were recorded at baseline 
and at yearly registry visits. Restrictive lung disease was 
defined as a % predicted FVC or total lung capacity 
(TLC) of <80% predicted. Radiographic ILD was consi- 
dered by the presence of interstitial infiltrates on chest 
imaging. Clinically significant ILD was defined as a % 
predicted FVC <80% and radiographic ILD. 

A rapid decline in % predicted FVC was defined as an 
annual rate of decline in % predicted FVC of greater than 
2% per year between the first and second PFT (cases). A 
normal rate of decline in % predicted FVC was defined 
as an annual rate of decline in % predicted FVC of equal 
to or less than 2%/year (controls). 

2.3. Pneumoprotein Assays 
After selection of cases and controls, a random number 
of serum samples was chosen for analysis; the number of 
samples analyzed was limited by financial contraints. 
Baseline serum from SSc patients and controls were 
analyzed, in duplicate, for levels of KL-6 (Sanko Junya-
ko Co., Ltd, Tokyo, Japan) and SP-D (Biovendor, North 
Carolina, USA) by enzyme linked immunosorbent assay 
(ELISA) following the manufacturer’s guidelines by an 
experienced laboratory technician blinded to patient’s 
clinical data. KL-6 required a slight variation in tech-
nique, a sandwich ELISA method, but is a validated as-
say with an intra-assay coefficient of variation (cv) of 
0.7% - 7.8% and inter-assay cv of 6.3% - 6.9% [15]. An 
additional 30 serum samples were obtained from non- 
smoking, healthy controls collected under another proto-
col approved by the research ethics board at one of the 
participating CSRG sites (University of Manitoba, Win-
nipeg). 

2.4. Statistical Analysis 

Univariate and multivariate logistic regression was used 
to determine the factors associated with a rapid decline in 
lung function. Covariates used in the final multivariate 
model included age, disease duration, baseline % pre-
dicted FVC, SP-D, and KL-6. Multi-collinearity of serum 
pneumoproteins within each model was checked by ex-
amining the model variance inflation factors. In order to 
assess the impact of missing second visits for 9 of the 
patients, we also analyzed the data using inverse-pro- 
bability weighting methods. We saw no important dif-
ferences in the estimates or the conclusions, so we have 
omitted this data from this paper. Results are reported as 
mean ± SD except where indicated. Data analysis was 
performed using the R statistical package. (R Foundation 
for Statistical Computing, Vienna, Austria.) 
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3. Results 
3.1. Baseline Characteristics: Cases and Controls 
Of 954 SSc patients in the registry, 275 met eligibility 
criteria. Sera of 67 patients were analyzed. Of the 67 
patients with analyzed sera, only 58 patients had meas- 
ured FVC values within 12 months of the baseline ap- 
pointment. There were 33 cases and 25 controls that at- 
tended their second visit, on average, 394 ± 44 days and 
368 ± 37 days after the original baseline visit, respec- 
tively. Baseline demographic and pertinent clinical fea- 
tures of cases and controls are presented in Table 1. 
Cases had an age and disease duration of 53.2 ± 12.9 
years and 8.8 ± 7.3 years compared with 50.1 ± 12.3 
years and 8.3 ± 6.1 years, respectively. No differences 
were seen between cases and controls by gender, ethnic- 
ity, smoking status, autoantibody status, or disease dura- 
tion (Table 1). There was a significantly higher propor- 
tion of diffuse cutaneous SSc subtype among controls 
than cases, 17 out of 25 patients (68%) compared with 12 
out of 33 patients (36%), respectively. 

Baseline mean ± SD % predicted FVC, TLC, and 
DLCO among cases was 97.8% ± 16.1%, 95.8 ± 14.2, and 
68.3% ± 23.1%, respectively. Baseline mean ± SD % 
predicted FVC, TLC, and DLCO among controls was 
90.4% ± 19.9%, 87.8% ± 18.9%, and 77.2% ± 24.4%,  
 
Table 1. Baseline clinical and serologic characteristics of 
scleroderma cases and controls*. 

Baseline characteristics Cases  
(n = 33) 

Controls  
(n = 25) p-value 

Age, mean ± SD (years) 53.2 ± 12.9 50.1 ± 12.3 NS 

Gender, n (%) female 29 (87.9) 22 (88.0) NS 

Ethnicity, n (%) Caucasian 29 (93.5)* 23 (92.0) NS 

Disease duration, mean ± SD 
(years) 8.8 ± 7.3 8.3 ± 6.1 NS 

SSc subtype, n (%) lcSSc;  
n (%) dcSSc 

21 (63.4);  
12 (36.4) 

8 (32); 
17 (68) 0.033 

Autoantibody status, 
n, (%) anti-centromere  

positive; n, (%) 
anti-topoisomerase positive 

10 (30.3);  
11 (33.3) 

6 (24);  
5 (20) NS 

Smoking status, n (%) current 3 (9.1)* 5 (20.0) NS 

Total lung capacity,  
mean ± SD % 95.8 ± 14.2* 87.8 ± 18.9 NS 

Forced vital capacity,  
mean ± SD % 97.8 ± 16.1 90.4 ± 19.9 NS 

Carbon Monoxide Diffusing 
Capacity (DLCO), mean ± SD % 68.3 ± 23.1 77.2 ± 24.4 NS 

Legend: dcSSc: diffuse cutaneous systemic sclerosis; lcSSc: limited cutane- 
ous systemic sclerosis; NS: not significant; SD: standard deviation; SSc: 
systemic sclerosis; Scl 70: topoisomerase; SP-D: surfactant protein D; KL-6: 
Krebs von den Lungen-6; *Missing variables: current smoking status and 
ethnicity in 2 cases, respectively and total lung capacity in 1 case. 

respectively (Table 1). Six cases (18%) and 10 (40%) 
controls had restrictive lung disease; 14 (42.4%) cases 
and 8 (32.0%) controls had radiographic ILD. Clinically 
significant ILD was seen in three cases (9.09%) and in 
six controls (24%). At study entry, one case was taking 
methotrexate and one was taking azathioprine. Among 
controls, four were taking methotrexate and two were 
taking azathioprine. None of the patients were on cyclo- 
phosphamide or mycophenolate mofetil at study entry. In 
the past, immunosuppressive medications other than 
steroids were prescribed to 5 cases (n = 2 methotrexate; n 
= 2 azathioprine; n = 1 cyclophosphamide) and 5 controls 
(n = 3 methotrexate; n = 1 azathioprine, n = 1 cyclo- 
phosphamide). 

3.2. Baseline SP-D and KL-6 Levels 
The median serum level of SP-D among SSc patients was 
203.10 ng/mL (range, 22.1 - 935.40 ng/mL), which was 
significantly higher when compared with healthy con- 
trols (median level of 41.7 ng/mL, range, 20.9 - 99.4 
ng/mL) (p < 0.0001). The median KL-6 levels of 658.22 
U/mL (range, 0.03 - 3968.33 U/mL) were also signifi- 
cantly higher in SSc patients when compared with the 
level in healthy controls (median 36.2 U/mL (range, 33.5 
- 40.6 U/mL) (p < 0.0001). There were no statistically 
significant differences among median serum levels of 
KL-6 between SSc cases (median 677 U/mL, range 
(0-3968.3 U/mL)) and SSc controls (median 551.8 U/mL, 
range (7.5 - 2958 U/mL)), nor were there statistically 
significantly higher levels of serum SP-D among SSc 
cases (203.10 ng/mL, range (22.1 - 935.4 ng/mL)) com- 
pared with SSc controls (159.3 ng/mL, range (37.4 - 
618.7 ng/mL)). 

3.3. Predictors of a Rapid Decline in %  
Predicted FVC 

Next, we aimed to determine whether SP-D levels could 
predict rapid decline in % predicted FVC (Table 2). In 
univariate analysis, serum levels of KL-6 did not signifi- 
cantly predict a rapid decline in lung function. However, 
a trend was seen for levels of SP-D with outcome, OR = 
1.22 [95% CI of 0.9 - 1.72]. Gender, ethnicity, autoanti- 
body status, and smoking status did not predict a rapid 
decline in lung function among cases; lcSSc seems to be 
protective of lung function decline (Table 2). 

Whereas patients defined as having clinically active 
ILD [OR = 2.00, 95% CI of 0.49 - 8.22, p = 0.34] or re- 
strictive lung disease [OR = 0.95, 95% CI of 0.33 - 2.76, 
p = 0.93] were not at high risk for a rapid decline in % 
predicted FVC, there was a trend towards significance 
for patients with radiographic evidence of ILD [OR = 
2.88, 95% CI of 0.96 - 8.65, p = 0.06]. After adjusting for 
age, disease duration, % predicted FVC at baseline, and 
KL-6 levels, a strong trend towards statistical signifi-  
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Table 2. Covariates associated with a rapid decline in lung 
function in systemic sclerosis on univariate analysis*. 

Co-variate Odds  
ratio 

95 % confidence  
interval (p-value) 

Age 1.02 0.98, 1.07 (0.35) 

Gender: female vs male 0.99 0.18, 4.93 (0.99) 

Ethnicity: Caucasian  
vs other ethnicity 1.26 0.14, 11.1 (0.82) 

Disease duration 1.01 0.94, 1.10 (0.75) 

Current smoker vs non-smoker 0.40 0.08, 1.81 (0.24) 

Baseline % predicted  
FVC (per 10%) 1.02 0.99, 1.06 (0.12) 

SSc subtype: lcSSc vs dcSSc 0.27 0.09, 0.79 (0.02) 

Anti-centromere  
positive vs negative 1.34 0.43, 4.70 (0.60) 

Anti-Scl 70 positive vs negative 2.00 0.61, 7.28 (0.27) 

Serum SP-D (per 10 ng/mL) 1.22 0.90, 1.72 (0.23) 

Serum KL-6 (per 1000 IU/mL) 1.12 0.63, 2.05 (0.70) 

Legend: dcSSc: diffuse cutaneous systemic sclerosis; ILD: interstitial lung 
disease; lcSSc: limited cutaneous systemic sclerosis; RLD: restrictive lung 
disease; Scl 70: topoisomerase; SSc: systemic sclerosis; SP-D: surfactant 
protein D; KL-6: Krebs von den Lungen-6; vs: versus; *Missing variables: 
ethnicity in one case and one control; disease duration in one case; current 
smoking status in one case and one control; KL-6 result in one control; 
 
cance was seen for higher SP-D levels and rapid lung 
function decline (OR = 1.44 with a 95% CI of 0.95 - 2.36, 
Table 3). This trend remained present even when SP-D 
was analyzed in a multivariate model with the same co- 
variates except KL-6 (OR = 1.37 with a 95% CI of 0.96 - 
2.10) (Table 3). In these adjusted analyses, there was no 
association between KL-6 and rapid decline in lung func- 
tion. 

Of note, in the multivariate analyses, baseline % pre- 
dicted FVC also did significantly predicted rapid lung 
function decline [OR = 1.03, 95% CI of 1.00 - 1.07, 
Table 3]; this result also held in multivariate models 
where SP-D and KL-6 were analyzed separately. 

Finally, if we were to use the outcome measure 
as >10% decrease of FVC and then examine whether 
SP-D predicts a decline of >10% predicted, we would 
have 14 cases and 44 controls. There would still be an 
increased risk whether we used >10% annual decrease of 
FVC or >2% annual decrease of FVC as the endpoint; 
the effect size, however, would change from an increased 
risk of 37% using the current endpoint of 2% FVC de- 
cline annually to a 4% increase in odds (95% CI: 0.70 - 
1.51). We note that only 14 patients have a decline 
of >10% over one year, which decreases the number of 
events and makes it more difficult to show a difference 
between the two groups. 

Table 3. Multivariate logistic regression analyses of rapid 
progression in systemic sclerosis. 

Including both SP-D and KL-6 

Co-variate Odds ratio 95% confidence  
interval (p-value) 

Age (per 10 years) 1.15 0.71 - 1.91 (0.58) 

Disease Duration 1.01 0.92 - 1.11 (0.86) 

Baseline Predicted FVC % 1.03 1.00 - 1.07 (0.07) 

SP-D per 100 ng/mL 1.44 0.95 - 2.36 (0.11) 

KL-6 per 1000 IU/mL 0.84 0.36 - 1.91 (0.66) 

Including only SP-D 

Co-variate Odds ratio 95% confidence  
interval (p-value) 

Age (per 10 years) 1.11 0.69 - 1.81 (0.67) 

Disease Duration 1.02 0.93 - 1.12 (0.68) 

Baseline Predicted FVC % 1.03 1.00 - 1.07 (0.05) 

SP-D per 500 ng/mL 1.37 0.96 - 2.10 (0.11) 

Including only KL-6 

Co-variate Odds ratio 95% confidence  
interval 

Age (per 10 years) 1.16 0.72 - 1.91 (0.54) 

Disease Duration 1.00 0.92 - 1.10 (0.92) 

Baseline Predicted FVC % 1.03 1.00 - 1.06 (0.11) 

KL-6 per 1000 IU/mL 1.22 0.65 - 2.49 (0.55) 

Legend: dcSSc: diffuse cutaneous systemic sclerosis; ILD: interstitial lung 
disease; lcSSc: limited cutaneous systemic sclerosis; RLD: restrictive lung 
disease; Scl 70: topoisomerase; SSc: systemic sclerosis; SP-D: surfactant 
protein D; KL-6: Krebs von den Lungen-6; vs: versus; *Missing variables: 
ethnicity in 2 cases; current smoking status in one case and one control; 
KL-6 result in one control. 

4. Discussion 
This is one of the largest series to date that examines the 
clinical and serologic predictors of lung function decline 
in SSc with a focus on serum glycoproteins. We found 
that there was a strong trend indicating an association 
between SP-D levels, but not KL-6, with rapid lung 
function decline. Baseline % predicted FVC also signifi- 
cantly predicted rapid FVC deterioriation.   

Little is known about the predictors of a rapid deteri- 
oration in lung function in SSc. The literature is conflict- 
ing on whether baseline severity of lung involvement, as 
inferred by pulmonary physiologic parameters such as 
FVC, is a predictor of SSc-ILD progression. Randomized 
controlled trial data of SSc patients with a mean (±SD) % 
FVC at baseline of 68.1 ± 1.0 and disease duration of 3.2 
± 0.2 years, respectively, found that the severity of % 
predicted FVC at baseline was associated with radio- 
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graphic progression of ILD [2]. On the contrary, in our 
population, with an average disease duration of slightly 
over 8 years and baseline % predicted FVC of greater 
than 90%, a better baseline in % predicted FVC predicted 
a rapid rate in lung function decline. In a study from the 
UK, Goh et al. found that among 215 SSc patients, lower 
baseline FVC and greater extent of radiographic damage 
on chest HRCT scans were predictive of a decline in 
FVC and/or Dlco in univariate analyses; in multivariate 
analyses, however, a threshold amount of radiographic 
damage at baseline was the most predictive of mortality 
[16]. The average disease duration in their study popula- 
tion is not well defined. Assassi et al. examined the pre- 
dictors of a rapid rate of lung function decline in a cohort 
with an average disease duration of 2.5 years and found 
that the presence of anti-topoisomerase, but not baseline 
PFT parameters, significantly predicted a decline in FVC 
at 3 years, but not at long-term, follow-up [17]. 

It is widely appreciated that the greatest loss of lung 
volume occurs in the first few years after SSc disease 
onset, but lines of evidence also reveal that the rapid de- 
terioration in lung function can occur among patients 
with long-standing disease, as seen in our cohort [1,18]. 
The importance of following the rate of FVC decline 
cannot be underscored. A faster deterioration in lung 
function is associated with mortality in SSc [17,19]. Our 
findings may indicate that patients with long-standing 
disease duration, who did not suffer a decline in lung 
function early in their disease course, are still at risk for a 
rapid lung function decline. 

Previous studies evaluating the role of SP-D and KL-6 
in SSc have demonstrated that these glycoproteins are 
positively, significantly correlated with the severity of 
radiographic fibrosis on chest imaging and inversely 
correlated with the % predicted FVC and DLCO on PFTs 
[7,11,12,20,21]. In a longitudinal analysis of 39 SSc pa- 
tients with a mean follow-up of 2.9 years, Yanabe et al. 
also found that increasing serial KL-6 measurements 
corresponded with lung function deterioration over time 
[8,10]. However, the majority of studies evaluating the 
role of these glycoproteins have involved SSc patients of 
Japanese ancestry and in particular in patients positive 
for Scl 70 [8,10,20,21]. Differences in ethnicity and pre- 
valence of anti-Scl 70 in our cohort may explain the fact 
that we did not find an association between KL-6 and 
rapid decline in lung function.  

Due to budgetary constraints, we were unable to ana- 
lyze a larger sample of serum or perform serial evalua- 
tion of the pneumoproteins. Such data may have pro- 
vided more robust conclusions along with insights into 
how fluctuations of these markers correlate with changes 
in lung function over time. In addition, our results are not 
generalizable to all SSc patients since we excluded pa- 
tients with less than a year of follow-up or those who did 

not have serial PFT measures. It is possible that some 
patients followed for less than a year had a rapid deteri- 
oration in lung function leading to death or lung trans- 
plant and would have not been captured in our study. On 
the other hand, the significance of our findings need to be 
emphasized. Identifying serum biomarkers to predict 
lung disease in SSc is of great importance. These mark- 
ers may be more sensitive to change, are non-invasive, 
and can be repeatedly measured. They may also be useful 
for clinical trial purposes to identify SSc patients at high 
risk of rapid lung function decline. Our data provide a 
strong signal that serum SP-D may be a useful biomarker 
to predict rapid decline in lung function. Additional 
strengths of our study include the use of a multi-center, 
observational cohort of SSc patients and the fact that 
most study patients were not on any immunosuppressive 
therapy during the follow-up period. A rapid lung func- 
tion decline was defined conservatively based on the fact 
that % predicted FVC should not decline in the general 
population, but that the unadjusted % FVC decline per 
year in the general population is approximately 1% 
[22,23]. Any rate of decline in % predicted FVC would 
be considered abnormal, but we chose to be even more 
conservative by using the definition of 2% predicted 
FVC/year to define a high risk SSc subgroup. 

In conclusion, SSc patients with long-standing disease 
duration are still at risk for a rapid lung function decline 
and serum levels of SP-D hold promise for predicting 
rapid lung function decline in SSc. While larger studies 
are required to confirm our findings, baseline levels may 
be useful in identifying a high risk group of SSc patients 
for closer monitoring and therapeutic intervention 
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