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Abstract

Background: Osteopontin (OPN) is closely related to tumor occurrence and metastasis. This study explored the
clinical value of serum OPN levels in small cell lung cancer (SCLC) patients.

Methods: The ELISA method was used to determine the OPN level of 96 SCLC patients before and after first-line
chemotherapy, and compared with 60 healthy controls.

Results: The serum OPN level of SCLC patients before treatment was significantly higher than that of the healthy
control (P < 0.001). Serum OPN levels were related to disease stage, tumor size, and lymph node metastasis (P = 0.012,
0.034, and 0.037, respectively). Serum OPN level decreased after first-line chemotherapy (P = 0.019), which was related
to treatment response (P = 0.011). The serum OPN level was an independent predictor of overall survival.

Conclusions: The serum OPN level can be used as a biomarker to predict treatment response and survival of SCLC
patients.
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Background
Lung cancer is one of the most common tumors in the
world. According to the pathological type, it is divided
into non-small cell lung cancer (NSCLC) and small cell
lung cancer (SCLC), of which SCLC accounts for 13% of
the total number of cases [1, 2]. Although SCLC is sensi-
tive to radiotherapy and chemotherapy, most of them
are diagnosed at an advanced stage with a poor progno-
sis [3]. The median survival time of untreated patients is
only 2–4 months, and the 5-year overall survival rate is
3–8%. So far, platinum-based and etoposide chemother-
apy is still the first-line treatment, but the tumor is
prone to relapse and metastasis, and the prognosis is
poor [4–6]. Therefore, it is necessary to find new

biomarkers, to discover and predict the treatment re-
sponse early.
Osteopontin (OPN) is a phosphorylated glycoprotein

that is involved in regulating cell adhesion, migration,
and invasion [7, 8]. Previous studies have shown that
many tumors, such as pancreatic cancer, colon cancer,
and NSCLC, have elevated OPN levels [9–13]. Studies
have shown that OPN overexpression is related to tumor
progression and poor prognosis [14, 15]. Although many
studies have shown that OPN is related to the prognosis
of various cancers, the relationship between its expres-
sion and the clinicopathological characteristics of SCLC
patients is still unclear. Therefore, this study first evalu-
ated the serum OPN levels of SCLC patients and healthy
controls, and explored the relationship between OPN
levels and treatment response and overall survival. We
provide OPN as a biomarker for predicting treatment re-
sponse and survival in SCLC patients.

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: xuch2188@163.com; yangrusong_nj@126.com
1Department of Respiratory Medicine, the Affiliated Brain Hospital of Nanjing
Medical University, 215 Guangzhou Road, Nanjing 210029, Jiangsu, China
3Department of Thoracic Surgery, the Affiliated Brain Hospital of Nanjing
Medical University, 215 Guangzhou Road, Nanjing 210029, Jiangsu, China
Full list of author information is available at the end of the article

Xu et al. BMC Pulmonary Medicine          (2020) 20:235 
https://doi.org/10.1186/s12890-020-01242-3

http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-020-01242-3&domain=pdf
http://orcid.org/0000-0001-8728-2183
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:xuch2188@163.com
mailto:yangrusong_nj@126.com


Methods
Patients
In this study, we collected the serum samples of 96 SCLC pa-
tients admitted to the Affiliated Brain Hospital of Nanjing
Medical University. All patients were diagnosed with SCLC
by histological or cytological examination. Patients undergo-
ing surgery were excluded from the study. The SCLC pa-
tients were staged according to the Veterans Administration
Lung Cancer Research Group (VASG) staging system [16].
All patients have a measurable disease through computer
tomography. Patients received chemotherapy with etoposide
and cisplatin (EP) or etoposide and carboplatin (EC) with or
without radiotherapy. Adjust the dose according to each pa-
tient’s physical condition. Patients have regular blood chem-
istries, abdominal ultrasound or computed tomography,
brain magnetic resonance imaging, and bone imaging.
In addition, we collected serum samples from 60

healthy controls and matched them with SCLC cases.

Evaluation of therapy responses
All patients received 2–6 cycles of EP or EC chemother-
apy, with or without radiotherapy. Tumor response was
measured using solid tumor criteria 2 cycles after com-
pletion of treatment, including complete response (CR),
partial response (PR), stable disease (SD), and progres-
sive disease (PD) [17]. Patients evaluated as CR, PR, and
SD continued the original chemotherapy regimen, while
patients with PD changed the treatment regimen.
All patients were followed up regularly, the last follow-

up time is July 1, 2019. The overall survival (OS) refers
to the time from diagnosis to death or last visit.

Enzyme linked immunosorbent assay (ELISA)
After diagnosis, blood samples are taken from the pa-
tient before treatment. After 2 cycles of treatment, if the
response was effective, continue to take serum samples
after 4 cycles of treatment. If they were ineffective, take
serum samples immediately. The samples were centri-
fuged at 1500×g for 10 min, and the serum was stored at
− 80 °C until analysis. Serum OPN levels were deter-
mined using an anti-OPN monoclonal antibody ELISA
kit (R&D Systems, Minneapolis, MN, USA), and OPN:
MDD (median detection density) was 0.22 ng/ml.

Statistical analysis
Statistical analysis uses spssv13.0 software. The Mann-
Whitney U test was used to compare the groups. The
survival curve was analyzed using Kaplan-Meier curve.
Cox regression model was used to analyze the relation-
ship between OS, pathological characteristics and OPN.
The receiver operating characteristic curve (ROC) was
used to analyze the cut-off value of serum OPN in SCLC
patients and healthy controls. Take the maximum value
of the sum of specificity and sensitivity as the optimal

cut-off value. P < 0.05 was considered statistically
significant.

Results
Patients’ characteristics
Among 96 SCLC patients, 66 were male and 30 were fe-
male, with a median age of 55 years. 58 patients had a
history of smoking, 38 had no history of smoking, 28
had limited SCLC, 58 had extensive SCLC, and 70 had
lymph node metastasis. Most patients received EP
chemotherapy (n = 80) and radiotherapy (n = 86). After
treatment, 78 cases were CR or PR, 18 cases were SD
and PD (Table 1). The median follow-up time was 12
months (2–30months), the median OS was 11months,
the limited stage SCLC was 14months, and the extensive
SCLC was 8.5 months.

Table 1 The characteristics of SCLC patients and healthy
controls

Variables SCLC patients Healthy controls P

Number of subject 96 60

Median (range) 55 (36–75) 56 (38–74) 0.618

Male/Female 66/30 40/20 0.786

Smoking history

Ever smoker 58 32 0.384

Never smoker 38 28

Performance status

0–1 56

2–3 40

Disease stage

Limited 28

Extended 58

Tumor size (cm)

≥ 3 76

< 3 20

Lymph node metastasis

N0 26

N1–3 70

Chemotherapy

EP 80

EC 16

Radiotherapy sequence

Concurrent 43

After-chemotherapy 40

None 13

Responses

CR + PR 78

SD + PD 18

EP, etoposide+platinum; EC, etoposide+cisplatin; CR, complete response; PR,
partial response; PD, progressive disease; SD, stable disease
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Serum OPN levels in SCLC patients and healthy controls
The serum OPN level before treatment in the SCLC
group was (72.07 ± 19.09) ng/ml, while the 60 healthy
controls was (36.06 ± 5.48) ng/ml, indicating that the
serum OPN level of SCLC patients before treatment was
significantly higher than that in the healthy controls
(P = 0.000, Fig. 1A). Serum OPN levels decreased after
chemotherapy (72.07 ± 19.09 ng/ml vs. 61.69 ± 10.42 ng/
ml, P = 0.019, Fig. 1B).

The relationship between pre-treatment OPN levels and
clinicopathological characteristics
The ROC curve was calculated based on the serum OPN
levels of 96 SCLC patients before treatment and 60
healthy controls (Fig. 2). The estimated area under the
ROC curve was 0.918. The optimal cut-off value for
serum OPN level was 38 ng/ml. We analyzed the rela-
tionship between OPN level and the clinicopathological
characteristics of SCLC patients. OPN level was related
to disease stage (P = 0.012), tumor size (P = 0.034), and
lymph node metastasis (P = 0.037), while there were no
difference with age (P = 0.954), gender (P = 0.317), smok-
ing status (P = 0.077), performance status (P = 0.174),
and chemotherapy responses (P = 0.485, Table 2).

Relationship between serum OPN levels and treatment
response
After radiotherapy and chemotherapy, the objective re-
sponse rate (CR + PR) was 81.2%, and the non-response
rate (SD + PD) was 18.8%. The serum OPN of
chemotherapy-sensitive patients was significantly lower
than that of non-responders (48.36 ± 12.18 ng/ml vs.
72.19 ± 11.48 ng/ml, P = 0.011, Fig. 3A). Our results
showed that serum OPN levels were significantly corre-
lated with treatment response. However, there was no
significant correlation between serum OPN levels and
treatment response before treatment (71.15 ± 18.33 ng/
ml vs. 78.01 ± 13.74 ng/ml, P = 0.485, Fig. 3B).

Prognostic value of serum OPN levels for SCLC patients
We used univariate and multivariate analysis to predict
prognostic factors in patients with OS. Our univariate
analysis data showed that performance status, disease
stage, and serum OPN levels after treatment were

Fig. 1 The serum levels of OPN in SCLC patients vs. healthy controls or pre-and after-treatment. (A) Patients with SCLC had higher serum OPN
level than that of healthy controls (P = 0.000). (B) Association of pre- and after-treatment levels of serum OPN in SCLC patients (P = 0.019)

Fig. 2 ROC curve of the serum OPN levels for differentiation
between SCLC patients and healthy controls
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prognostic factors for OS. Our multivariate analysis
showed that performance status, disease stage, and
serum OPN levels after treatment were prognostic fac-
tors for OS. However, the serum OPN levels of these pa-
tients before treatment were not related to OS (Table 3).
We also used Kaplan-Meier curve and log-rank test to

analyze the relationship between serum OPN levels and
OS after treatment in SCLC patients, and found that
SCLC patients with reduced serum OPN levels after
treatment had better OS (Fig. 4).

Discussion
SCLC is a highly malignant lung tumor, although pro-
gress has been made in early detection and improvement
of treatment methods [18]. This study found that the
serum OPN level of SCLC patients was higher than that
of the healthy controls, and the serum OPN level de-
creased after treatment. Therefore, the serum OPN level
can be used as an effective biomarker to evaluate the
therapeutic efficacy of SCLC patients.
OPN is a phosphorylated glycoprotein, which is closely

related to the growth, migration and invasion of tumor
cells [19]. Many studies have shown that the abnormal
expression of OPN is closely related to the occurrence
and development of liver cancer, colon cancer and
gynecological malignant tumors. The mechanism may
be that OPN promotes the formation of new blood ves-
sels, the formation of cytokines, the adhesion and
chemotaxis of extracellular matrix, and inhibits apop-
tosis to varying degrees [20].
OPN expression is an independent predictor of plat-

inum first-line chemotherapy response and prognosis
in patients with advanced NSCLC [21]. The survival
rate of patients with low serum OPN levels was

Table 2 Association between serum OPN levels and
clinicopathological characteristics in SCLC patients

Characteristics Number OPN level (ng/ml) P

Age, yr 0.954

≥ 60 54 73.78 ± 16.55

< 60 42 73.43 ± 17.90

Gender 0.317

Male 66 75.38 ± 16.44

Female 30 68.38 ± 18.19

Smoking history 0.077

Ever smoker 58 68.32 ± 20.11

Never smoker 38 78.94 ± 11.13

Performance status 0.174

0–1 56 70.02 ± 17.39

2–3 40 78.27 ± 15.55

Disease stage 0.012

Limited 28 66.32 ± 19.64

Extended 58 80.94 ± 9.41

Tumor size (cm) 0.034

≥ 3 76 77.96 ± 14.31

< 3 20 60.63 ± 18.18

Lymph node metastasis 0.037

N0 26 64.08 ± 21.85

N1–3 70 79.40 ± 9.72

Responses 0.485

CR + PR 78 71.15 ± 18.33

SD + PD 18 78.01 ± 13.74

OPN, osteopontin; CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease

Fig. 3 Association of pre- and after-treatment levels of serum OPN in SCLC patients. (A) Association of after-treatment levels of serum OPN in
SCLC patients, with responders vs. non-responders (P = 0.011). (B) Association of pretreatment levels of serum OPN in SCLC patients with
responders vs. non-responders (P = 0.485)
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higher than that of patients with high OPN levels
[22]. In SCLC, OPN reduces cisplatin-induced apop-
tosis and induced chemotherapy resistance [23]. In
our study, we confirmed that the serum OPN level of
SCLC patients was higher than that of the control
group. Our results also show that serum OPN after
treatment can predict the therapeutic effect of SCLC
patients. All these studies have confirmed the effect
of OPN expression on tumor progression and

response. The overexpression of OPN in tumor tis-
sues may be due to the rapid growth of tumor cells
and the lack of proper blood supply. The tumor cells
death by inducing apoptosis or necrosis, leading to
the up-regulation of apoptosis-related proteins.
Previous studies have shown that OPN secretion is re-

lated to the proliferation of tumor cells [24]. This study
found that serum OPN levels were related to VALSG
stage, tumor size, and lymph node metastasis, suggesting

Table 3 Univariate and multivariate Cox analysis of variables considered for OS of SCLC patients

Characteristics Univariate Multivariate

HR 95% CI P HR 95% CI P

Gender
(Male vs. Female)

3.563 0.496–25.582 0.206 2.264 0.382–13.404 0.368

Age (< 60 vs. ≥60) 0.819 0.140–4.806 0.825 2.091 0.514–8.502 0.302

Disease stage
(Limited vs. Extended)

4.277 1.233–14.835 0.022 3.429 1.096–10.726 0.034

Lymph node metastasis (N0 vs. N1–3) 0.585 0.157–2.182 0.424 2.358 0.606–9.181 0.216

PS (0–1 vs. 2–3) 4.820 1.196–19.424 0.027 4.004 1.281–12.513 0.017

Smoking history
(Ever vs. Never)

1.719 0.551–5.365 0.351 0.649 0.218–1.933 0.438

Pre-OPN
(Negative vs. Positive)

2.662 0.908–7.807 0.075 0.305 0.091–1.106 0.053

After-OPN
(Negative vs. Positive)

4.936 1.793–13.586 0.002 6.114 1.661–22.510 0.006

CI, confidence interval; HR, hazard ratio; PS, performance status; OPN, osteopontin; OS, overall survival

Fig. 4 Kaplan–Meier curves stratified by the after-treatment levels of serum OPN. Log-rank test determined that the OS in low OPN group were
significantly longer than those in the high OPN group (P < 0.05)
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that increased serum OPN levels may be related to
tumor cells. In addition, our data show that serum OPN
levels can predict OS in patients with SCLC.

Conclusions
In conclusion, our study revealed the value of serum
OPN levels in the prognosis of SCLC. However, before
OPN can be used as a predictor of SCLC prognosis, a
multicenter study with a larger sample size is needed to
verify our data.
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