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Introduction

Chronic obstructive pulmonary disease (COPD) and lung 
cancer (LC) are causally related to cigarette smoking and 
there is increasing evidence linking the two diseases beyond 
a common etiology. COPD is an independent risk factor 
for LC and LC is up to five times more likely to occur in 
smokers with airflow obstruction than those with normal 
lung function. The high prevalence of LC in COPD 

patients suggests that these two entities may share similar 
mechanisms (1). Nevertheless, a causal relationship between 
COPD and lung tumorigenesis is not yet known. It is 
generally accepted that chronic inflammation plays a central 
role in the pathogenesis of COPD and lung tumorigenesis. 
Interestingly, patients with COPD treated with high-dose 
inhaled corticosteroids present reduced incidence of LC 
and death, suggesting that inhibition of inflammation can 
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halt lung tumorigenicity (2). 
In an effort to detect LC at an earlier stage, non-

invasive biomarkers could potentially enhance diagnostic 
management by minimizing the use of costly tests such as 
PET-CT and lowering radiation exposure associated with 
CT monitoring (3). 

Osteopontin (OPN) is a matricellular protein involved in 
tissue remodeling, cell-mediated immunity and malignant 
transformation. OPN, that is produced by osteoclasts, 
macrophages, T cells, kidney cells, and vascular smooth 
muscle cells, regulates normal physiological processes, 
including bone resorption, wound healing, t issue 
remodeling, immunological responses and vascularization, 
as well as various pathophysiological conditions (4). 

OPN has  been involved in  tumor progress ion 
and  ang iogenes i s  and  i s  over  expre s sed  in  LC. 
Immunohistochemical staining in non-small cell lung 
cancer (NSCLC) patients who underwent surgical resection 
showed that OPN expression was significantly associated 
with gender, TNM stage and tumor differentiation. In 
this study it was suggested that tumor stage, lymph-
node metastases and OPN expression were independent 
prognostic factors for NSCLC (5). OPN has been evaluated 
as a biomarker of disease progression and has been 
correlated with poor survival (6). OPN levels were higher 
in sputum of patients with COPD compared with healthy 
subjects and a possible role of this cytokine in neutrophilic 
inflammation and in the pathogenesis of emphysema 
was suggested (7). However, the role of OPN in the 
pathogenesis of both COPD and LC has not been fully 
elucidated. 

The aim of the present study was to determine the effect 
of the co-existence of LC (LC) and COPD in serum OPN 
levels and to estimate OPN prognostic performance in 
1-year mortality in LC and its diagnostic value for LC in 
pre-existing COPD.

Methods

Patients

All subjects were recruited from the 1st and 2nd Respiratory 
Medicine University Departments in Athens between 
April 2011 and February 2014. All COPD patients had a 
diagnosis confirmed by a respiratory physician, prior to 
LC occurrence. Diagnosis and staging of COPD were 
established according to GOLD guidelines (8). Forced 
expiratory volume in 1 s (FEV1) and forced vital capacity 

(FVC) were measured using Master Screen Body (Viasys 
Healthcare, Jaeger, Hoechberg, Germany) according to the 
American Thoracic Society guidelines (9). 

Diagnosis of LC was confirmed by pathology, including 
bronchoscopic biopsy, percutaneous lung biopsy, metastatic 
lymph node biopsy and pleural fluid cytology. LC staging 
was determined using the updated 2009 International 
Association for the Study of Lung Cancer (IASLC) 7th 
tumor node metastasis (TNM) classification (10). 

All LC and COPD patients were current or ex-smokers. 
Patients with a history of respiratory disease other than 
COPD or any concomitant malignant (other than LC), 
heart, renal, liver or collagen disease were excluded. Patients 
with a respiratory tract infection or COPD exacerbation in 
the past 8 weeks prior to admission, as well as those with 
low performance status (PS:IV), inability or unwillingness 
to collaborate with the investigators were also excluded. 
All patients received optimal treatment for LC and COPD 
according to their attending physicians and were followed-
up for at least 1 year or until death. The study protocol was 
approved by the local ethic committees of both hospitals 
and all participants provided an informed consent.

OPN measurement

Blood samples were collected at the time of diagnosis before 
the initiation of any kind of treatment for LC. The samples 
were centrifuged at 1,500 ×g for 10 min and serum was 
collected and stored at −80 ℃ until analysis. Serum OPN 
levels were measured using commercially available enzyme-
linked immunosorbent assay kits with specific monoclonal 
antibodies against OPN (R&D Systems, Minneapolis, MN, 
USA) with a cut-off value OPN:MDD (median detective 
density) of 0.22 ng/mL.

Study outcomes

The main outcome of the study was to explore the effect 
of the co-existence of LC and COPD on serum OPN 
levels vs. COPD and LC. Secondary outcomes included 
prognostic performance of OPN in 1-year mortality in LC 
and diagnostic performance of OPN for LC in patients with 
COPD. Furthermore, possible differences in serum OPN 
levels according to the histological type of LC [NSCLC vs. 
small cell lung cancer (SCLC)] or/and the extent (TNM 
stage for NSCLC and limited/extended for SCLC) of the 
disease were assessed.
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Statistical analysis

Normally distributed data are presented as mean ± standard 
deviation (SD), skewed data as median (interquartile 
ranges) and categorical data as n (%). Normality of 
distribution was checked with Kolmogorov-Smirnov test. 
Differences in numerical variables between two groups 
were evaluated with unpaired t-tests or Mann-Whitney 
U-tests for normally and skewed data respectively, whereas 
comparisons of proportions were performed using chi-
square tests. Statistical comparisons for more than two 
groups were performed with Kruskal-Wallis test (skewed 
data) accompanied by an appropriate post-hoc test for 
multiple comparisons (Dunn’s). For the assessment of 
OPN as predictor of 1-year mortality and its diagnostic 
performance for LC among COPD patients, a receiver 
operating characteristic (ROC) curve was created. Area 
under the ROC curve (AUC) with 95% confidence 
intervals (CI) and their differences from 0.5 was calculated. 
Sensitivity, specificity, positive predictive value (PPV) and 
negative predictive value (NPV) were calculated for the 
optimal cut-off value. 

Using the cut-off value from the ROC curve we 
dichotomized the study group. A univariate Cox regression 
analysis and then a multivariate one were performed in 
order to evaluate the performance of OPN in 1-year 
mortality. As possible confounders in the above model age, 
gender, presence or absence of COPD, FEV1 % predicted, 
FEV1/FVC ratio, histological type, body mass index (BMI), 
current or ex smoking, smoking in pack-years, and extent 
of the disease were entered. Results were presented with 
hazard ratios (HR) with 95% confidence intervals (CI). 
The 1-year survival according to the cut-off value for OPN 

was evaluated with a Kaplan-Meier survival curve and the 
respective log-rank test. Statistical analysis was performed 
with SPSS 16.0 (Chicago, IL, USA), Graph Pad Prism 5 
(Graph Pad Software Inc, La Jolla, CA, USA) and MedCalc 
9 (MedCalcSoft ware, Mariakerke, Belgium).

Results

The flow chart of the study participants is shown in Figure 1.
Demographic characteristics of the study group are 

presented in Table 1.

Serum OPN levels in LC and/or COPD

OPN levels were significantly higher in patients with LC 
compared to those with COPD alone [median 40 (IQR, 
24–63) vs. 32 (IQR, 19–36.5) ng/mL, P=0.017, Figure 2A].  
OPN levels were significantly higher in patients with COPD 
and LC compared to those with COPD alone [median, 36 
(IQR, 23–59) vs. 32 (IQR, 19.0–36.5) ng/mL, P=0.031]. 
No significant difference was observed between patients 
with LC and COPD vs. those with LC without COPD 
[median, 36 (IQR, 23–59) vs. 45 (IQR, 24–69) ng/mL,  
P=0.171, Figure 2A]. 

Serum OPN levels in histological subtypes of LC and stage 
of the disease

OPN serum levels did not significantly differ according 
to the histological type [median, 42 (IQR, 26–64) vs. 39 
(IQR, 24–63) ng/mL for SCLC and NSCLC respectively, 
P=0.565]. For SCLC, no significant difference in serum 
OPN levels (ng/mL) was found between patients with 
extensive and those with limited disease [median IQR 38 
(IQR, 21–74) vs. 53 (IQR, 27–63) ng/mL respectively, 
P=0.761]. We also divided NSCLC patients in three 
different subgroups according to staging. Stage I & II 
comprised one group, stage III another and stage IV was the 
third group. OPN serum levels did not significantly differ 
among the three NSCLC subgroups [median, 30 (IQR, 
19–39) ng/mL for stages I & II, 45 (IQR, 26–85) ng/mL  
for stages IIIA & IIIB, and 40 (IQR, 25–63) ng/mL for 
stage IV, P=0.091]. Serum OPN levels did not differ 
between patients with or without bone metastasis, P=0.782]  
(Figure 2B). However, when patients with bone metastasis 
were stratified according to histological type, those with 
SCLC presented with significantly higher serum OPN 
levels compared to NSCLC [median, 56 (IQR, 53–276) 

Figure 1 Flow chart of study participants. PS, performance status.

Patients assessed 
for eligibility

(n=245)

Patients initially 
included in the study 

(n=197)

Patients included 
in the final analysis 

(n=167)

Excluded (n=48)
- Low PS (n=29)
- Not received treatment (n=19)

Lost to follow-up (n=30)
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vs. 36 (IQR, 23–43) ng/mL for SCLC and NSCLC 
respectively, P=0.042] (Figure 2B). 

Serum OPN levels and 1-year mortality

The prognostic performance of serum OPN (cut-off value 
≥50.3 ng/mL) for the identification of 1-year mortality in 
patients with LC was assessed by ROC curve analysis which 
showed an AUC 0.84 (P<0.001). Sensitivity was 90% while 
specificity was 64% with PPV 72% and NPV 86% (Figure 3).  
Patients were divided into two groups according to serum 
OPN levels. 

Univariate and multivariate Cox regression analysis 
regarding the prognostic effect of serum OPN levels in 
1-year mortality are presented in Table 2. In the univariate 
Cox regression analysis, OPN levels ≥50.3 ng/mL and 
disease extent were associated with higher risk of 1-year 
mortality, with OPN being the stronger predictor. In the 
multivariate analysis, the higher OPN levels remained an 
independent predictor of 1-year mortality while extent of 
the disease showed a weak significance. 

Kaplan-Meier curves evaluating 1-year survival for LC 
patients are presented in Figure 4. LC patients with serum 
OPN levels ≥50.3 ng/mL displayed worse 1-year survival 

Table 1 Subject characteristics

Variables Total (n=167) LC with COPD (n=85) LC without COPD (n=82) COPD (n=28)

Age (years) 66±10 68±8 64±11 65±7

Gender (female) 35 (21%) 16 (19%) 19 (23%) 9 (30%)

Smokers (current/ex) 122/45 64/21 68/14 18/10

Pack years 60 [50–100] 70 [50–100] 60 [50–100] 47 [36–73]

BMI (kg/m2) 27±4 26±4 27.5±4 28±3

NSCLC stage 114 65 49 N/A

I 5 3 2

II 14 9 5

IIIA 15 8 7

IIIB 17 7 10

IV 63 38 25

SCLC 53 20 33

Limited 24 10 14

Extended 29 10 19

Histological type for NSCLC N/A

Adenocarcinoma 57 21 25

Squamous 39 27  13* 　

Non identified 23 17 11 　

COPD 85 (51%) All None N/A

FEV1 (% pred.) 76±23 69±19 82±26* 57±7**

FEV1/FVC ratio 72 [65–80] 65 [58–68] 77 [73–80]* 64 [52–70]**

1-year survived 83 (50%) 38 (45%) 45 (54%) N/A

*, statistically significant higher compared to LC without COPD (P<0.05); **, statistically significant lower compared to LC (P<0.05). LC, 
lung cancer; COPD, chronic obstructive pulmonary disease; BMI, body mass index; NSCLC, non-small cell lung cancer; SCLC, small cell 
lung cancer; FEV1, forced expiratory volume in 1st second; FVC, forced vital capacity; N/A, not applicable.
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compared to those with serum OPN levels <50.3 ng/mL 
(P<0.001 the comparison by log-rank test).

Performance of serum OPN levels for the diagnosis of LC 
in patients with COPD

The diagnostic value of serum OPN levels for the 
identification of concomitant LC in patients with COPD 
was evaluated by performing a ROC curve analysis. Serum 
OPN levels could predict the presence of LC in patients 
with COPD with a cut-off level of 35 ng/mL (AUC =0.636, 
95% CI: 0.540–0.725; sensitivity: 56.5%; specificity: 75%; 
PPV: 87.3%; NPV: 36.2%).

Discussion

Our study showed that serum OPN levels are higher in 
patients with LC compared to those with COPD. We 
also found that serum OPN levels are higher in patients 
with concomitant LC and COPD compared to those with 
COPD alone, while in patients with LC the co-existence 
of COPD did not seem to influence serum OPN levels. 
Furthermore, in LC patients the higher serum OPN levels 

were found irrespective of the underlying histological 
subtype and the extent of the disease. Bone metastases 
seem to affect the above levels only in patients with SCLC. 
Finally, using a specific cut-off value as derived from ROC 
analysis, serum OPN had a good prognostic performance in 
regard to 1-year survival in LC patients. 

Both LC and COPD represent a huge, worldwide, 
preventable disease burden owing mainly to cigarette 
smoking (8,11). These diseases occur as co-morbidities at 
a higher rate than if they were independently triggered 
by smoking (12). Therefore, it is ultimate to find sensitive 
parameters to detect early lung alterations associated 
with chronic tobacco smoke exposure. Exhaled breath 
condensate (EBC) and electronic nose are non-invasive 
techniques and the measurement of biomolecules could 
possibly prove suitable for early identification of healthy 
smokers at higher risk for tobacco-induced lung damage 
(13,14). OPN is up regulated in the airways of patients 
with COPD and is related to inflammatory molecules, such 
as metalloproteinases (MMPs) and IL-8 which have been 
implicated in LC pathogenesis and prognosis (15). In a 
previous study including COPD patients, sputum OPN was 
closely related to the presence of emphysema as assessed 

Figure 2 (A) Serum osteopontin (OPN) levels (ng/mL) in patients with lung cancer (LC) and patients with COPD. OPN levels were 
significantly higher in patients with LC compared to those with COPD alone (P=0.017). OPN levels were significantly higher in patients 
with COPD and LC compared to those with COPD alone (P=0.031). Serum OPN levels in LC patients according to the presence or 
absence of COPD. No significant difference was observed between patients with LC and COPD vs. those with LC without COPD (P=0.171). 
(B) Serum OPN levels (ng/mL) in patients with LC patients according to the presence or absence of bone metastases. Bone metastasis was 
identified in 38 out of 167 LC patients. Serum OPN levels did not differ between LC patients with or without bone metastasis (P=0.782). 
Serum OPN levels in LC patients with bone metastases according to histological type (NSCLC vs. SCLC). Ten SCLC patients presented 
with significantly higher serum OPN levels compared to 28 NSCLC patients (P=0.042). Values are presented as median (interquartile 
range). For data see text.
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Table 2 Univariate and multivariate Cox regression analysis regarding the effect of OPN levels and possible confounders in 1-year mortality in 
patients with lung cancer

Variables
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age 1.032 (1.009–1.055) 0.061

Gender 0.915 (0.856–1.12) 0.147

BMI 0.972 (0.925–1.023) 0.274

Histological type 1.059 (0.675–1.661) 0.802

Extent 0.567 (0.231–0.952) 0.037 0.596 (0.345–0.991) 0.046

OPN (ng/mL) 4.450 (2.814–6.912) <0.001 4.099 (2.610–6.420) <0.001

COPD (yes) 0.836 (0.539–1.321) 0.449

FEV1% pred 0.99 (0.98–1.00) 0.183

FEV1/FVC ratio 1.000 (0.979–1.023) 0.968

Smoking 0.837 (0.528–1.372) 0.456

Pack years 0.998 (0.993–1.003) 0.501

HR, hazard ratio; CI, confidence intervals; COPD, chronic obstructive pulmonary disease; BMI, body mass index; FEV1, forced expiratory 
volume in 1st second; FVC, forced vital capacity; OPN, osteopontin.

Figure 3 Receiver operating characteristic curves (ROC) for serum 
osteopontin (OPN) for the identification of 1-year mortality in 
lung cancer (whole population irrespective of histology). For data 
see text.

Figure 4 Kaplan-Meier curves evaluating 1-year survival for patients 
with lung cancer with serum osteopontin levels ≥50.3 ng/mL  
(65 patients) and <50.3 ng/mL (102 patients) (P<0.001 the 
comparison by log-rank test).
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by a HRCT scoring system (7,16). Conflicting results 
exist in regard to the association between emphysema on 
CT scan and LC. In a high-risk population, emphysema 
was independently related to LC (17,18). In our study, we 
have observed that in LC patients COPD did not further 
increase OPN levels, while COPD patients with LC 

expressed higher serum OPN levels compared to patients 
with COPD alone. Our findings indicate that LC might be 
the main factor associated with the increase of serum OPN 
levels.

Contradictory data exist on studies regarding OPN 
levels and LC stage. Advanced stages of NSCLC had 
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higher values of OPN compared to the early ones (19). 
Another study showed no significant difference in regard 
to TNM classification and OPN levels (20). Similar results 
were observed in our study where SCLC patients were 
also included. The absence of statistical significance may 
be attributed to the somehow limited number of patients 
with early stage disease, which to our knowledge is more 
compatible to what we see in every day clinical practice. 

Conflicting results exist with regard to bone metastasis 
and OPN levels. NSCLC patients with bone metastasis 
had an increase in receptor activator of nuclear factor κB 
ligand, OPN and osteoprotegerin (21). Experimental data 
showed that OPN-deficient mice had an increased risk for 
bone metastasis (22). Although OPN protein expression 
in surgical resected NSCLC failed to predict the future 
development of bone metastasis (23), OPN levels did not 
significantly differ between patients with and without bone 
metastasis (19). In another study, Karapanagiotou et al. (24)  
showed that OPN levels were significantly higher in 
patients with NSCLC and bone metastasis. However, this 
study consisted of a small number of patients and did not 
examine the effect of OPN in bone metastasis in SCLC. We 
did not find a difference in OPN levels between LC patients 
with or without bone metastasis, but we found that SCLC 
patients with bone involvement had higher OPN levels 
compared to those with NSCLC and bone involvement. 
This has never been observed in previous studies and 
might be attributed to the low number of SCLC with bone 
metastasis or alternatively might indicate a more intense up 
regulation of OPN among SCLC patients. Furthermore 
we did not find a difference in serum OPN levels between 
squamous cell and adenocarcinoma. This is in contrast to 
the findings of another study showing that OPN levels of 
squamous cell carcinoma were significantly higher than 
those of adenocarcinoma (25). 

High serum OPN levels have been shown to predict 
poor prognosis in NSCLC. Rud et al. (20) showed that a 
median serum OPN level of 32.9 ng/mL correlated with 
poor prognosis in NSCLC. In the same study, subgroup 
analysis of patients with stage I–II disease alone showed 
that OPN expression was significantly associated with 
both relapse-free and overall survival, indicating that OPN 
might be a promising biomarker in early stage NSCLC. 
Accordingly, it was suggested that OPN should be further 
explored in the selection of patients for adjuvant treatment 
following surgical resection. In another study, low serum 
OPN levels were significantly associated with a favorable 
prognosis in advanced NSCLC (26). Two recent meta-

analyses confirmed that OPN seems to be a good prognostic 
biomarker of the overall survival in NSCLC patients (27,28). 
These findings are in accordance with the satisfactory 
prognostic performance of OPN in 1-year survival observed 
in our study.

Serum OPN could moderately predict the presence of 
LC among patients with pre-existing COPD, although this 
finding was observed in a relatively small number of COPD 
patients.

Our study has some limitations. First, the number of 
patients with early-stage NSCLC was small. However, LC 
does not frequently give early symptoms and therefore it 
is usually diagnosed at a later stage. Secondly, although 
smoking was included in the regression analysis, we cannot 
exclude that current smoking may affect OPN levels since it 
has been reported that sputum OPN levels were elevated in 
patients with COPD (7), smoking-related interstitial lung 
disease (29) and smoking-induced asthma (30). Although our 
patients were all current or ex-smokers it should be noted 
that both LC and COPD may occur among non-smokers 
and this has not been evaluated in this study. A selection of a 
larger number of patients with a particular histological type 
and a unanimous current smoking status may help to clarify 
better the possible effects on serum OPN levels.  Thirdly, 
we did not assess OPN expression immunohistochemically, 
which might better reflect the role of OPN compared to its 
serum levels. Finally, the number of patients with COPD 
alone was rather small. A larger number may compensate 
for the relative low sensitivity and specificity values and 
further strengthen the possible diagnostic performance 
of OPN for LC among COPD patients. Finally, a 
power analysis to calculate a formal sample size was not 
performed. However, this is an exploratory study that aimed 
to explore the effect of the co-existence of LC and COPD 
on serum OPN levels vs. COPD and LC alone. We have 
therefore used all consecutive available patients from our 
outpatient clinic. However, the proper characterization 
of the study participants has allowed us to perform an 
appropriate interpretation of the results. The validation 
of our findings in different cohorts with larger number of 
patients is required in order to confirm their significance 
and applicability.

Conclusions

COPD did not affect serum OPN levels in patients with 
LC. In patients with LC and/or COPD, LC seems to be 
the major determinant for serum OPN levels. Although not 
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related to the extent of LC, serum OPN seems to be able to 
predict 1-year mortality in patients with LC. Accordingly, 
serum OPN might be a promising prognostic biomarker 
for the survival of LC patients and possibly a diagnostic 
biomarker of LC among COPD patients.  
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