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Abstract
The death receptor 5 (DR5) is a member of the tumor necrosis factor receptor superfamily that can
transduce the apoptosis signal in cells. This study assessed serum levels of soluble death receptor 5
(sDR5) in small-cell lung cancer (SCLC) patients compared with those in healthy controls.
Clinicopathological features of patients, treatment responses, and overall survival of patients were also
recorded and analyzed. The sDR5 levels were analyzed using ELISA in 50 healthy controls and 82 SCLC
patients before and after first-line chemotherapy. The statistical data showed that pre-treatment levels of
serum sDR5 in SCLC patients were higher than those of healthy controls (P<0.001). Pre-treatment levels
of serum sDR5 were significantly associated with smoking history of patients, Veterans Administration
Lung Study Group (VALSG) stage, tumor size, and lymph node (N) metastasis (P=0.028, 0.001, 0.028, and
0.01, respectively). After treatment with the first-line chemotherapy, the post-treatment levels of serum
sDR5 were obviously decreased (P<0.001), and correlated with treatment responses (P<0.001), although
there was no significant difference in their pretreatment sDR5 levels (P=0.62). Cox proportional hazard
analysis demonstrated that the post-treatment levels of serum sDR5, VALSG stage, and PS status were all
independent predictors for overall survival of patients. The results from the current study indicate that
serum level of sDR5 could be further confirmed as a biomarker to predict treatment responses and
survival of SCLC patients.
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Introduction
Lung cancer remains one of the most commonly
diagnosed human cancers in the world. Lung cancer
can be histologically classified into small-cell lung
cancer (SCLC) and non-small cell lung cancer
(NSCLC) [1, 2]. SCLC only represents a small portion
(approximately 13%) of all lung cancer cases, but it is
clinically aggressive and associated with early
extrathoracic metastases [3]. SCLC cells contain dense
neurosecretory granules along with neuroendocrine
hormones that induce endocrine/paraneoplastic
syndrome [3]. Although SCLC responds well to
chemotherapy [4], it is frequently diagnosed at an
advanced stage thus leading to a poor prognosis [5].
The median survival without treatment is only 2 to 4

months and overall 5-year survival rate is
approximately 3–8% [6, 7]. To date, platinum- and
etoposide-based chemotherapy is the first-line
treatment [8, 9], but tumor recurrence and metastases
lead to a dismal prognosis [10]. Therefore, a search for
novel therapeutic strategies or biomarkers for early
detection and prediction of prognosis and treatment
responses could lead to better control of this deadly
disease.
Tissue homeostasis is the balance of cell
proliferation and death (apoptosis) [11], while tumor
development and progression are characterized by an
increase in cancer cell growth and evasion of tumor
cell apoptosis [12, 13]. Tumor necrosis factor
http://www.medsci.org
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(TNF)-related apoptosis-inducing ligand (TRAIL) is a
member of the TNF superfamily that can induce
tumor cells to undergo apoptosis [14-16]. Activated
TRAIL binds to the death receptor and subsequently
induces caspase activation and cell apoptosis [14-16].
To date, five death or decoy receptors have been
discovered that bind to TRAIL: death receptor 4 (DR4
or TRAIL-R1), DR5 (or named as TRAIL-R2), DcR1
(TRID/TRAIL-R3), DcR2 (TRAIL-R4), and the soluble
receptor osteoprotegerin [17]. DR5 can transduce the
apoptosis signal in cells [18, 19], but DR5
overexpression has been indicated in several types of
human cancers, including colon, lung, cervical cancers
and head and neck squamous cell carcinoma [16,
20-24]. Another previous study showed that the
endoplasmic reticulum (ER) stress induced DR5
transcription and apoptosis in colon cancer HCT116
cells [25], although soluble DR5 (sDR5) levels were
upregulated and significantly associated with poor
prognosis of patients with NSCLC [26]. Thus, in this
study, we first assessed serum sDR5levels in SCLC
versus
healthy
controls,
investigated
the
clinicopathological features of SCLC patients, and
predicted treatment responses and overall survival of
patients. We sought to provide insightful information
regarding sDR5 as a biomarker to predict treatment
responses and overall survival of SCLC patients.

Patients and methods
Patients
In this retrospective case–control study, we
obtained serum samples from 82 SCLC patients (47
males and 35 females) who underwent treatment in
Shandong Provincial Qianfoshan Hospital (Jinan,
China) between January 2010 and April 2013. All
patients were histologically or cytologically
conﬁrmed as SCLC cases; however, any patients who
received surgery were excluded from this study,
while patients receiving any previously systemic
therapy within 6 months were also excluded. The
SCLC patients were staged according to the Veterans
Administration Lung Cancer Study Group (VALSG)
staging system [27] and all patients were required to
have a dimensionally measurable disease through
chest radiograph or computed tomographic (CT)
scanning. The patients were randomized to receive
standard (up to 6-cycle) treatment with etoposide and
cisplatin (EP) or etoposide and carboplatin (CE), with
or without radiotherapy. The therapeutic dose was
adjusted according to each patient’s physical
condition. Patients were followed up regularly with
physical examinations, blood chemistry analysis,
ultrasound examination of the abdomen, X-ray or CT
scanning of the chest, brain CT or MRI, and
scintigraphy of the skeleton.
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In addition, we also collected blood samples
from 50 healthy controls who visited our hospital for
annual health check-ups and who were matched to
the SCLC cases by age and gender. The study was
approved by the Ethics Committee of Shandong
Provincial Qianfoshan Hospital and written informed
consent was obtained from each patient.

Evaluation of therapy responses
All patients received up to 6-cycle randomized
treatment with EP or CE with or without radiotherapy
and were followed up regularly. The tumor response
was measured using the Response Evaluation Criteria
In Solid Tumors criteria [28] 4 to 6 weeks after
completion of all therapy, which includes complete
response (CR, no residual tumor lesions), partial
response (PR, more than one-third smaller in tumor
lesion), stable disease (SD, no change in tumor lesion)
and progressive disease (PD, increase in size of tumor
lesion).
These patients were followed up regularly and
the last follow-up was conducted on July 1, 2018. We
then calculated the overall survival (OS) of each
patient, which was defined as duration (months) from
disease diagnosis to death or to the patient’s last visit.
The initial recurrence was categorized as
loco-regional recurrence or distant metastasis,
depending on location of the recurred tumor lesion.

Enzyme linked immunosorbent assay (ELISA)
Serum level of sDR5 was assessed by using a
solid phase sandwich ELISA kit (cat. #IB-17792;
Jianglai Inc., Shanghai, China) according to the
manufacturer’s
protocol.
Our
preliminary
experiments assessed the detection range of 2–70
pg/ml of sDR5 and the A450 value was used to draw
the standard curve to normalize the level of sDR5. The
ELISA was in duplicate and repeated at least once
with similar results.

Statistical analysis
Serum sDR5 level was summarized as mean ±
standard deviation. Difference between two groups
was analyzed by using Student's t test. The
Kaplan–Meier curve was used to plot overall survival
and the log-rank test was performed to generated p
values stratified by sDR5 levels. The Cox’s regression
model was used to analyze independent predictors
for overall survival of these patients against different
clinicopathological features and serum level of sDR5.
The receiver operating characteristics (ROC) curve
was used to analyze the cut-off values of serum levels
of sDR5 in patients with SCLC and healthy controls,
while the area under the curve (AUC) was also
evaluated. A p value <0.05 was considered statistically
significant. All statistical analyses were performed by
http://www.medsci.org
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using SPSS v13.0 software (SPSS Inc., Chicago, IL,
USA).

Upregulation of serum soluble DR5 level in
SCLC patients

Results

The pre-treatment levels of serum sDR5 in SCLC
group were 18.95 ± 4.80 pg/ml, compared with 10.89
± 6.72 pg/ml in the 50 healthy controls, indicating that
the pre-treatment levels of serum sDR5 were
significantly higher in SCLC patients than that of the
healthy controls (P<0.001; Figure 1A). However, the
level of serum soluble DR5 was downregulated after
treating the patients with chemoradiotherapy (18.95 ±
4.80 pg/ml vs. 13.54 ± 3.75 pg/ml, P<0.001; Figure
1B).

Patients’ characteristics
Among these 82 SCLC patients, there were 47
males and 35 females with a median age of 55 years
old. Forty-three patients were ever tobacco smokers
and 39 never smokers, while 48 patients were at
LS-SCLC and 34 at ED-SCLC stages, and
approximately half of these patients (n=40) had
lymph node metastasis of SCLC. Most patients (n=62)
received EP chemotherapy and radiotherapy (n=71).
After therapy, 59 patients had CR or PR, whereas 23
patients had SD or even PD (Table 1). The median
follow-up duration of these patients was 12 months
(range between 3 and 33 months), while the median
OS was 10 months, with 13 months for LS-SCLC
patients and 8.5 months for ED-SCLC patients.
Table 1. Basic characteristics of the study patients
n (%)
Age (years)
Median (range)
<55
≥55
Gender
Male
Female
PS
0–1
2–3
Smoking history
Ever smoker
Never smoker
Stage (VALSG)
LS-SCLC
ED-SCLC
Tumor size (cm)
≤3
>3
N status
positive
negative
Chemotherapy
EP
CE
Radiotherapy sequence
Concurrent
After-chemotherapy
None
Responses
CR + PR
SD + PD

sDR5 level (pg/ml) p-value
0.44

55 (37–76)
38 (46.3)
44 (53.7)

18.56 ± 0.74
19.29 ± 0.61

47 (57.3)
35 (42.7)

19.47 ± 0.71
18.25 ± 0.56

63 (76.8)
19 (23.2)

19.42 ± 0.53
17.40 ± 0.99

43 (52.4,)
39 (47.6)

19.94 ± 0.65
17.86 ± 0.66

48 (59.5)
34 (41.5)

17.69 ± 0.47
20.73 ± 0.85

42.742.7)
47 (57.3)

17.75 ± 0.71
19.84 ± 0.61

0.20

0.073

0.028

0.001

0.028

0.010
40 (47.8)
42 (52.2)

20.19 ± 0.66
17.77 ± 0.63

62 (75.6)
20 (24.4)
55 (42.7)
36 (43.9)
11 (13.4)
0.80
59 (72.0)
23 (28.0)

18.88 ± 0.53
19.13 ± 1.03

Serum levels of sDR5 were compared by Student's t test or the analysis of variance.
Results are presented as the means ±standard deviation.sDR5, soluble death
receptor 5; VALSG, Veterans Administration Lung Cancer Study Group staging
system; LS-SCLC, limited-stage small-cell lung cancer; ED-SCLC, extensive-stage
small-cell lung cancer; EP, etoposide+ platinum; CE, etoposide + cisplatin; CR,
complete response; PR, partial response; PD, progressive disease; SD, stable
disease.

Figure 1. Changes in serum levels of sDR5 in SCLC patients vs. healthy controls or
pre-and post-treatment. (A) The blood samples were obtained from 82 SCLC
patients and 50 healthy controls and then subjected to analysis of sDR5 levels using
the ELISA. P<0.001 analyzed by using and Student’s t test between SCLC and healthy
controls. (B) Association of pre- and post-treatment levels of serum sDR5 in SCLC
patients, P<0.001 using Student’s t test.

Association of pretreatment levels of serum
sDR5 with clinicopathological characteristics
from SCLC patients
We then plotted the ROC curve to assess the
cut-off value of pretreatment serum sDR5 levels and
found 14 pg/ml as the cut-off value for high vs. low
levels of serum sDR5. We then associated sDR5
expression with clinicopathological characteristics
from SCLC patients. Our data showed that there was
no association of sDR5 expression with age (P=0.44,
Figure 2A), gender (P=0.207; Figure 2B), or
performance status (PS; P=0.073). However, serum
sDR5 level was significantly associated with smoking
history, VALSG stage, tumor size, and SCLC lymph
node metastasis (Figure 2).

Association of serum sDR5 levels with
treatment response
After treating patients with chemoradiotherapy,
the objective response rate (CR + PR) was 72% (59 out
of 82 patients) and the non-response rate (SD + PD)
was 28% (23 of 82 patients). We then associated serum
http://www.medsci.org
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sDR5 levels with treatment response and found that
post-treatment levels of serum sDR5 were
significantly associated with treatment responses
(P<0.0001; Figure 3A); however, there was no
significant association between pre-treatment level of
serum sDR5 and treatment responses (P=0.62; Figure
3B).

Univariate and multivariate analyses of OS
We also performed the univariate and
multivariate analyses to predict prognostic predictors
for OS of these patients. Our univariate analysis data
showed that the performance status, VALSG stages, N
stage, post-treatment level of serum sDR5, and
tobacco smoking were all prognostic predictors for OS
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of these patients, while our multivariate analysis
demonstrated that the performance status, VALSG
stages, post-treatment level of serum sDR5, and
tobacco smoking were all prognostic predictors for OS
of these patients (Table 2). However, the
pre-treatment level of serum sDR5 was not associated
with the OS of these patients (Table 2).
We also associated the post-treatment level of
serum sDR5 with OS of these SCLC patients using the
Kaplan–Meier curves and the log-rank test and found
that the reduced post-treatment level of serum sDR5
was associated with better OS of these SCLC patients
(Figure 4).

Figure 2. Association of pretreatment serum levels of sDR5 with clinicopathological characteristics from SCLC patients. (A) Pretreatment serum level of sDR5. It compares <55
years vs. ≥55 years patient age groups, P=0.44. (B) Pretreatment serum level of sDR5. Male patients vs. female patients, P=0.207. (C) Pretreatment serum level of sDR5. Patients
with PS0-1 vs. PS2-3, P=0.073. (D) Pretreatment serum level of sDR5. Patients with never-smokers vs. ever-smokers, P=0.028. (E) Pretreatment serum level of sDR5. Patients
in LS-SCLC vs. ED-SCLC groups, P=0.001. (F) Pretreatment serum level of sDR5. Patients with tumor size of <3 cm vs. ≥3 cm, P=0.010. (G) Pretreatment serum level of sDR5.
Patients with lymph node metastasis vs. none lymph node metastasis, p=0.01. PS, performance status; LS-SCLC, limited stage small-cell lung cancer; ED-SCLC, extensive stage
small-cell lung cancer; LNM(+), lymph node metastasis positive; LNM(-), lymph node metastasis negative; VALSG, Veterans Administration Lung Study Group.

Figure 3. Association of pre- and post-treatment levels of serum sDR5 in SCLC patients. The blood samples were obtained from 82 SCLC patients before and after treatment
and then subjected to analysis of sDR5 levels using the ELISA. (A) Association of post-treatment levels of serum sDR5 in SCLC patients, with responders vs. non-responders,
P<0.0001 using Student’s t test. (B) Association of pretreatment levels of serum sDR5 in SCLC patients with responders vs. non-responders, P=0.62 using Student’s t test.

http://www.medsci.org
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Table 2. Univariate and multivariate analysis
Characteristics
Gender
(male vs. female)
Age (yrs.)
(<65 vs. ≥65)
PS
(0–1 vs. 2–3)
Clinical Stage (VALSG)
(LS-SCLC vs. ED-SCLC)
T Stage
(1+2 vs. 3)
N Stage
(negative vs. positive)
Pre-sDR5
(negative vs. positive)
After-sDR5
(negative vs. positive)
Smoking history

Univariate
HR
95%CI
1.27 0.77–1.10

Multivariate
p-value HR 95%CI
0.33

1.63

0.99–1.69

0.053

6.17

3.32–11.45

<0.001

2.30 1.13–4.68 0.021

3.16

1.87–5.33

<0.001

0.48 0.54–1.63 0.044

0.95

0.58–1.55

0.84

0.55

0.33–0.91

0.022

0.75

0.46–1.22

0.24

p-value

0. 85 0.49–1.48 0.57

3.944 2.306–6.745 <0.001

2.30 1.04–5.07 0.039

0.33

0.55 0.30–1.00 0.051

0.19–0.56

<0.001

CI, confidence interval; HR, hazard ratio; PS, performance status; VALSG, Veterans
Administration Lung Cancer Study Group staging system; sDR5, soluble death
receptor 5.

Figure 4. Kaplan–Meier curves stratified by the post-treatment levels of serum
sDR5. The blood samples were obtained from SCLC patients after treatment and
then subjected to ELISA analysis of sDR5 levels. To prepare the Kaplan–Meier curves,
we selected the cut-off value of sDR5 point at 14 pg/ml according to the receiver
operating characteristics analysis of 14 pg/ml. P<0.0001 analyzed by using the log-rank
test.

Discussion
SCLC remains a deadly disease, even after
decade-long advancements in early detection and
improvement of treatment options [29, 30]. In the
current study, we found that the serum soluble DR5
level was upregulated in SCLC patients compared
with that of the healthy controls. Thus, future studies
with prospective patients could verify our current
data so that serum sDR5 level could be used as an
effective biomarker to assess the treatment responses
and prognosis of SCLC patients.
Apoptosis is a mechanism in multicellular
organisms to maintain homeostasis; for example, it is
believed that children between 8 and 14 of age lose
approximately 20 to 30 billion cells a day due to
apoptosis [31]. Apoptosis is a controlled process
whereby cell shrinkage, nuclear fragmentation,
chromatin condensation, and chromosomal DNA

fragmentation are controlled by gene expression and
activation through both intrinsic and extrinsic
apoptotic pathways [12-16]. The TRAIL and TRAIL
receptors can directly induce apoptosis of tumor cells
through activation of the cell surface death receptors,
while preserving normal cells [32, 33]. The
TRAIL-DR5 apoptosis pathway was shown to play an
important role in regulation of cell apoptosis [19] and
associated with cancer development and progression
[15, 16] as well as showed clinical significance of DR5
expression in human cancers. For instance, DR5
expression was independent prognostic indicator in
bladder cancer and associated with better responses
to treatment of patients [34].
Nuclear and cytoplasmic DR5 expression
predicted survival of NSCLC after chemotherapy [15],
whereas high DR5 expression was associated with
worse disease-specific survival of renal cell carcinoma
patients [35]. The pretreatment level of serum sDR5
was higher in NSCLC patients than that of healthy
controls, but the post-treatment level of serum sDR5
failed
to
predict
treatment
responses
or
progression-free survival of these NSCLC patients
[26]. In our current study, we confirmed high levels of
serum sDR5 in SCLC patients versus healthy controls.
Our data also demonstrated that serum sDR5 was
able to predict treatment responses of SCLC patients.
All of these studies, including our own, demonstrated
opposite effects of DR5 expression on cancer
progression and the treatment responses. Thus
further studies are needed. Overexpression of DR5 in
cancer tissues could be due to fast-growing tumor
cells lacking an appropriate blood supply, resulting in
tumor cell death through induction of either apoptosis
or necrosis and leading to increase in upregulation of
apoptosis-related proteins.
In our current study, we identified 14 pg/ml as
the cut-off value for high versus low levels of serum
sDR5. Depending on the sample size and sensitivity of
each ELISA, this cut-off value could vary; therefore, a
future study with a large sample size could confirm
our current data. Furthermore, the cellular origin of
the increased serum sDR5 level is unknown. A
previous study speculated that there was an
association between sDR5 secretion and proliferation
of tumor cells [15]. In our current study, we found that
pretreatment level of serum sDR5 was associated with
smoking history, VALSG stage, tumor size, and SCLC
lymph node metastasis, indicating that increase in
serum sDR5 level could be from tumor cells.
Furthermore, our current data demonstrated that
serum level of sDR5 was able to predict OS of SCLC
patients, although proper detection of sDR5 levels in
SCLC has not yet been established.

http://www.medsci.org
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In conclusion, our current study revealed a
predictive value of serum sDR5 level in SCLC
patients. However, a multi-center study with a large
sample size will be required to validate our current
data before sDR5 can be used clinically as a prognostic
and predictive marker for SCLC.
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