
ONCOLOGY LETTERS  16:  2373-2381,  2018

Abstract. The present study aimed to investigate the expres-
sion of programmed death‑ligand 1 (PD‑L1) in resectable 
small cell lung cancer (SCLC) and investigate its predictive 
value for survival and brain metastasis (BM). Postoperative 
SCLC specimens were immunostained with the SP142 
antibody against PD‑L1. Positive PD‑L1 expression was 
defined as PD‑L1 expression in ≥5% of tumor cells. A total 
of 80 patients were recruited between January 2010 and 
December 2012. PD‑L1 was expressed in 65.0% (52/80) of all 
patients and 59.3% (16/27) of patients with BM. The median 
survival time (MST) was longer in the PD‑L1(+) group 
(46.4 vs. 28.5 months, P=0.002). There was no significant 
difference in the MST between patients with PD‑L1(+) or (‑) 
BM (P=0.55). The 3‑year risk of BM in the PD‑L1(+) group 
was lower than that in the PD‑L1(‑) group (24.1 vs. 48.4%, 
P=0.046). PD‑L1 was an independent factor for overall 
survival (OS) [hazard ratio (HR)=0.485, P=0.011] and BM 
(HR=0.335, P=0.024). The present study concludes that 
PD‑L1 is commonly expressed in SCLC and is associated 
with OS and BM.

Introduction

Lung cancer has become the leading cause of cancer‑associated 
mortality worldwide (1). Small cell lung cancer (SCLC) is 
the main subtype of lung cancer and accounts for 15‑20% of 
all lung cancer cases (2). The incidence of cancer‑associated 
mortality has increased from 28 to 50% among females with 
SCLC based on the surveillance, epidemiology and end results 
database (2). SCLC is characterized by a rapid growth rate and 
a positive response to treatment, but relapse often occurs (3). 
Consequently, the overall survival (OS) is poor, with a 5‑year 
survival rate of 20% for limited‑stage SCLC and 9.1% for 
extensive‑stage SCLC, despite the sensitivity of SCLC to 
chemoradiotherapy (4,5). The role of surgery in SCLC remains 
controversial, even though surgery could prolong survival in a 
subpopulation of individuals with SCLC (6). In addition, the 
risk of distant metastasis increases with prolonged survival. 
The brain is the most common organ of distant metastasis 
in patients with SCLC. The prevalence of brain metastasis 
(BM) ranges between 10 and 24% at the time of diagnosis 
and increases to 50% at 2 years post‑diagnosis. Therefore, 
the prognosis of patients with BM is poor, with a median 
survival time (MST) of 4‑6 months (7‑9). Prophylactic cranial 
irradiation (PCI) decreases the risk of BM but increases 
survival in patients with surgically resected SCLC, excluding 
pathological‑stage I patients (10). PCI of unselected patients 
not only is a waste of medical resources but also negatively 
impacts patient quality of life with a low cost‑efficacy. 
Therefore, an effective biomarker with high sensitivity or 
specificity that can predict BM in SCLC is urgently required.

Programmed death‑ligand  1 (PD‑L1, also known as 
B7‑H1 or CD274) is present in a variety of tumor cells, 
including malignant melanoma, non‑small cell lung cancer 
and SCLC (11‑13). PD‑L1 binds with PD‑1 on tumor cells, 
competitively inhibiting the binding of B7 and CD28 and 
suppressing the ability of activated T cells to promote immune 
escape and tolerance (14,15). A number of studies have inves-
tigated the distribution of PD‑L1 in SCLC and investigated the 
correlation between PD‑L1 expression and clinical outcomes, 
particularly in patients with BM (16‑22). Increased expres-
sion of PD‑L1 in a subset of SCLC tumors caused by focal 
amplification of CD274 suggested that the PD‑L1 axis may be 
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a novel therapeutic target for SCLC (23). A retrospective study 
revealed that PD‑L1 was positively expressed in 51.8% of SCLC 
specimens (n=83) and demonstrated that the MST was signifi-
cantly longer in patients with PD‑L1(+) tumors than in those 
with PD‑L1(‑) expression (17.0 vs. 9.0 months, P=0.018) (20). 
Another retrospective study revealed that PD‑L1 was highly 
expressed in SCLC (15‑45%) and that PD‑L1(+) expression was 
correlated with improved disease‑free survival, compared with 
PD‑L1(‑) expression [hazard ratio (HR)=0.268, P=0.003] (16). 
Additionally, PD‑L1 expression in tumor cells was observed 
in 75.0% (24/32) of BM specimens obtained from patients 
with SCLC (21). Furthermore, high levels of PD‑L1 expres-
sion were negatively correlated with BM size, which indicated 
that anti‑PD‑L1 potentially reduced the incidence of BM (24). 
Based on the aforementioned evidence, PD‑L1 expression may 
predict BM in patients with SCLC and targeting PD‑L1 may 
prevent BM in patients with SCLC.

To date, the prevalence of PD‑L1 expression in SCLC and 
the correlation between PD‑L1 expression and BM in SCLC 
remains controversial. Therefore, a retrospective study was 
conducted to detect PD‑L1 expression in postoperative SCLC 
specimens and to further investigate the role of PD‑L1 expres-
sion in BM and OS. The results demonstrated that PD‑L1 was 
highly expressed in SCLC (65.0%, 52/80) and that PD‑L1 
expression was associated with improved OS and a lower risk 
of BM.

Patients and methods

Patients. Postoperative specimens were collected from 
80 patients who had undergone complete resection between 
January 2010 and December 2012 at The Affiliated Hospital 
of Weifang Medical University (Shandong, China) and were 
stained with hematoxylin and eosin to identify SCLC cells. 
Prior to surgery, standardized evaluations were performed, 
including constant thoracic and abdominal computed tomog-
raphy (CT), brain magnetic resonance imaging (MRI) and 
bone radionuclide imaging. Positron emission tomography 
(PET)‑CT was performed on certain patients. All patients 
were staged according to the criteria of the American Joint 
Committee on Cancer (AJCC) 7th edition (25). Pathological 
node 0‑2 (pN0‑2) and p‑stage I‑III were used accordingly. Of 
the 80 patients, 45 (56.3%) were male and 35 (43.7%) were 
female. The median age for the whole cohort at diagnosis was 
54 years, with a range of 34‑72 years. Surgical procedures 
consisted of lobectomy or pneumonectomy with medias-
tinal nodal dissection. Postoperative chemotherapy (POCT, 
4‑6 cycles) with cisplatin/etoposide (EP) or carboplatin/etopo-
side (CE) was administrated. For postoperative thoracic 
irradiation (PORT), a total dose of 50‑60 Gy was adminis-
tered using a three‑dimensional conformal radiotherapy or 
intensity‑modulated radiotherapy technique for 5‑6 weeks 
with 1.8‑2.0 Gy per fraction for 5 days per week. For patients 
without BM identified by brain MRI prior to PCI, a total dose 
of 30 Gy with 3.0 Gy per fraction, or a total dose of 25 Gy 
with 2.5 Gy per fraction was administrated. PCI was delivered 
concurrently or sequentially with chemoradiotherapy.

The present study was approved by the institutional review 
board and ethics committee of the Affiliated Hospital of 
Weifang Medical University and Shanghai Changhai Hospital 

(Shanghai, China). Written informed consent was obtained 
from every patient and/or their legal guardian prior to analysis.

Immunohistochemistry (IHC). Immunohistochemistry was 
performed to determine PD‑L1 expression in resected speci-
mens. Formalin‑fixed (formalin concentration, 10%; 12‑24 h 
at room temperature), paraffin‑embedded sections (4‑µm 
thick) were air‑dried at room temperature overnight. Sections 
were deparaffinized with 100% xylene (25˚C) and rehydrated 
through a grade ethanol series (100, 95 and 70% ethanol) 
at 100˚C for 15 min. Following this, antigen retrieval (190˚C 
for 5 min) was performed in a high‑pressure cooker following 
washing of the slides 3 times with PBS. Peroxidase activity 
was quenched by 3% hydrogen peroxide at room tempera-
ture for 5 min, then the tissues were incubated for 15 min in 
5% fetal bovine serum at room temperature (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) blocking buffer. 
As no antibodies were approved for NSCLC detection when 
the present study took place, the primary antibody SP142 
(cat. no. 07309554001; 1:100; Spring Bioscience Corporation, 
Pleasanton, CA, USA) was utilized and incubated for 1 h at 
25˚C, followed by incubation with the secondary HRP‑labeled 
anti‑rabbit antibody (cat. no. K4003; 1:100; Dako; Agilent 
Technologies, Inc., Santa Clara, CA, USA) for 30 min at room 
temperature. Following incubation in 3,3'‑diaminobenzi-
dine (cat. no. DAB‑0031; Fuzhou Maixin Biotech Co., Ltd., 
Fuzhou, China), the slides were counterstained with hema-
toxylin (15 sec at 25˚C) followed by dehydration and mounting 
with a coverslip. The Olympus BX51 light microscope was 
used to observe the staining status (magnification, x40). In 
concordance with a previous study, human placenta (obtained 
from Changhai Hospital of Shanghai in July, 2014) was used 
as a positive control specimen for PD‑L1 IHC (26). Written 
informed consent was obtained at the time the placenta 
samples were collected.

Evaluation of PD‑L1 expression was performed by at least two 
pathologists who were blinded to the clinical data. PD‑L1 expres-
sion at the cell membrane was evaluated by combining staining 
intensity and distribution scores. Staining intensity was scored 
as follows: 0, no staining; 1+, weak; 2+, moderate and 3+, strong. 
The final histoscore was formulated as follows: [weak (1+) x1] x 
percentage + [moderate (2+) x2] x percentage + [strong (3+) x3] 
x percentage. Weak [1+] x percentage refers to the 
percentage of tumor cells with weak staining. Moderate 
[2+]/strong [3+] staining was also included into this formula. 
According to the references cited in this study, PD‑L1 expres-
sion ≥1, ≥5 or ≥10% was mostly defined as PD‑L1(+). However, 
no significant difference in survival was observed between the 
PD‑L1(‑) group and the PD‑L1(+) group when PD‑L1(+) was 
defined as PD‑L1 expression ≥1 or ≥10%, respectively, therefore 
PD‑L1(+) expression was defined as PD‑L1 expression ≥5%.

Follow‑up. Patient follow‑up occurred every 3 months for 
up to 2 years, every 6 months for the following 3 years and 
annually thereafter. The standard follow‑up included a medical 
history and physical examination, chest CT, abdominal CT or 
ultrasound and bloodwork as clinically indicated. PET/CT and 
brain MRI were not routinely recommended, but for patients 
with suspected BM, an enhanced MRI or CT scan of the brain 
was performed.
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Statistical analysis. SPSS 22.0 statistical analysis software (IBM 
Corp., Armonk, NY, USA) was used to analyze all data in the 
present study. A χ2 test was performed to compare the patients' 
clinical characteristics. Measurement data and enumeration 
data are presented as median number and percentage (%), 
respectively. All statistics were calculated at least three times 
by two independent authors in a double‑blind situation. OS and 
the time of BM were calculated from the date of surgery to 
the date of BM diagnosis or to the last day of follow‑up. The 
Kaplan‑Meier method and log‑rank test were used to evaluate 
patient survival and the cumulative risk of developing BM. 
Multivariate analyses for OS and BM were performed using 
Cox regression, and a backward‑forward stepwise method was 
selected. Tests were two‑sided, and P<0.05 was considered to 
indicate a statistically significant difference.

Results

Patient characteristics. Between January 2010 and 
December  2013, 293  patients were diagnosed with SCLC, 
including 112 patients who underwent surgery. Among those 
112 patients, 9 were excluded due to R1/R2 resections. An 
additional 12 patients were lost to follow‑up, and 11 patients 
underwent segmentectomies. Consequently, a total of 80 patients 

were recruited for the current study. Karnofsky performance 
statuses (27) following surgery were as follows: 86.3% (69/80) of 
patients had scores of 80‑90, and 13.7% (11/80) of patients had a 
score of 70. The clinical features of the patients are summarized 
in Table I. The median follow‑up period was 52 months (range, 
6‑71 months). At the end of follow‑up, 21.3% (17/80) of the 
patients remained alive. BM was detected in a total of 27 (33.8%) 
patients. According to the criteria of the AJCC 7th edition, no T4 
or N3 patients were present in our patient population.

A total of 74 patients (92.5%) underwent lobectomy, and 
6  patients (7.5%) underwent pneumonectomy. POCT was 
administered to 77.5% (62/80) of the patients, and 88.8% 
(71/80) of the patients underwent PORT. Nine patients did 
not undergo PORT for the following reasons: 4 had poor 
pulmonary function and 5 had poor performance status. As 
PCI was not routinely recommended for postoperative patients 
during that period in The Department of Medical Oncology, 
Affiliated Hospital of Weifang Medical University, only 63.8% 
(51/80) of the patients underwent PCI.

PD‑L1 expression. PD‑L1 expression in 80 formalin‑fixed 
paraffin‑embedded specimens was evaluated (Fig. 1). Among 
the cohort, staining intensities of 1+, 2+ and 3+ were observed 
in 15.0% (12/80), 28.7% (23/80) and 56.3% (45/80) of the 
patients, respectively. In total, PD‑L1 was expressed in speci-
mens from 52 patients (65.0%). Among 27 patients with BM, 
a 3+ staining intensity was observed in 15 patients (55.6%), 
while a 1+ intensity was observed in 4  patients (14.8%) 
and a 2+ intensity was observed in 8  patients (29.63%). 
Additionally, positive PD‑L1 expression was detected in 

Table I. Clinical features of 80 patients with completely 
resected small cell lung cancer.

Variable	 n	 %

Sex		
  Male	 45	 56.2
  Female	 35	 43.8
Age, years		
  ≥60	 26	 32.5
  <60	 54	 67.5
pN stage		
  N0‑1	 55	 68.7
  N2	 25	 31.3
p‑stage		
  I	 25	 31.3
  II	 23	 28.7
  III	 32	 40
POCT		
  Yes	 62	 77.5
  No	 18	 22.5
PORT		
  Yes	 71	 88.7
  No	   9	 11.3
PCI		
  Yes	 51	 63.7
  No	 29	 36.3

pN, pathological lymph node; p‑stage, pathological stage; POCT, 
postoperative chemotherapy; PORT, postoperative radiotherapy; PCI, 
prophylactic cranial irradiation.

Figure 1. Immunohistochemistry analysis with SP142 antibody indicated 
PD‑L1 expressed on the membrane of cells. (A) Positive PD‑L1 staining on 
the cell membranes in human placenta, a strong staining intensity (3+) is 
presented. (B) PD‑L1(+) staining was observed in 5% of tumor cells (original 
magnification, x400). PD‑L1, programmed death‑ligand 1.
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16 patients (59.3%) with BM. PD‑L1 was mainly expressed in 
patients with pN0‑1 (51.25%, 41/80) and p‑stage I‑II disease 
(45.0%, 36/80). The expression levels of PD‑L1 in subgroups 
of patients with SCLC is outlined in Table II.

Survival. The survival curve for the entire group is presented 
in Fig. 2. The MST was 38.8 months. The 1‑, 3‑ and 5‑year 
survival rates were 88.8, 56.3 and 26.2%, respectively. As 
presented in Fig. 3, the MST and 1‑, 3‑ and 5‑year survival 
rates were 46.4 months, 92.3, 69.2 and 33.1%, respectively, 
among patients who were PD‑L1(+) and 28.5 months, 82.1, 32.1 
and 13.4%, respectively, among patients who were PD‑L1(‑) 
(P=0.002). Univariate analysis revealed that sex (P=0.034), N 
stage (P=0.012), pathological stage (P<0.01), POCT (P=0.003), 
PORT (P=0.027), PCI (P<0.01), PD‑L1 expression (P=0.001) 
and BM (P<0.001) were associated with an increased MST of 

patients with SCLC. Multivariate analysis indicated that POCT 
(HR=0.476, P=0.023), PCI (HR=0.229, P<0.01), PD‑L1 expres-
sion (HR=0.485, P=0.011) and BM (HR=1.900, P=0.026) were 
independent prognostic factors for OS (Table III).

In addition, significantly longer survival times were 
observed among patients without BM than among patients with 
BM (MST; 46.4 vs. 25.1 months; P<0.01; Fig. 4). Among the 
27 patients with BM, the survival rates between the PD‑L1(+) 
and PD‑L1 (‑) groups were not significantly different (P=0.55, 
data not presented).

Risk factors for BM. For the whole patient cohort, the risk of 
BM at 1, 3 and 5 years was 6.4, 27.5 and 40.6%, respectively. 
Clinical and pathological features were evaluated to determine 
their predictive values for developing BM (Table IV). The risk 
of developing BM was associated with PD‑L1 expression. As 

Table II. PD‑L1 expression in patients with completely resected small cell lung cancer.

Variable	 Cases (n=80)	 PD‑L1 ≥5%	 PD‑L1 <5%	 P‑value

Sex				    0.35
  Male	 45	 27	 18	
  Female	 35	 25	 10	
Age, years				    0.21
  ≥60	 26	 14	 12	
  <60	 54	 38	 16	
pN stage				    0.02
  N0‑1	 56	 41	 15	
  N2	 24	 11	 13	
p‑stage				    0.02
  I	 25	 16	   9	
  II	 23	 20	   3	
  III	 32	 16	 16	
BM status				    0.47
  Yes	 27	 16	 11	
  No	 53	 36	 17	

PD‑L1, programmed death ligand 1; pN, pathological lymph node; p‑stage, pathological stage; BM, brain metastasis.

Figure 2. Kaplan‑Meier plot of overall survival in 80 patients with completely 
resected small cell lung cancer (median survival time, 38.8 months).

Figure 3. Kaplan‑Meier plot of overall survival of patients with PD‑L1(+) or 
PD‑L1(‑) tumors (P=0.002). PD‑L1, programmed death‑ligand 1.
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presented in Fig. 5, the risk of developing BM at 1 and 3 years 
was 7.7 and 24.1%, respectively, among PD‑L1(+) patients, 
which was significantly lower than the 26.5 and 48.4% risk, 
respectively, among PD‑L1(‑) patients (P=0.046). Multivariate 
analysis revealed that pathological stage (HR=2.139, P=0.022), 
PCI (HR=0.186, P<0.001) and PD‑L1 expression (HR=0.335, 
P=0.024) were independent factors associated with the inci-
dence of BM. The risk curves for the development of BM 
based on PCI and p‑stage are presented in Fig. 6.

Discussion

In the current study, PD‑L1 expression was detected by IHC 
with the SP142 antibody in 80 postoperative specimens from 
patients with SCLC. As indicated in Fig. 1, PD‑L1 expres-
sion in ≥5% of tumor cells was observed in 65.0% (52/80) 

Table III. Univariate and multivariate analysis of the effect of prognostic factors on OS in patients with completely resected small 
cell lung cancer.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Factor	 1‑year OS, %	 3‑year OS, %	 χ2	 P‑value	 HR	 95% CI	 P‑value

Sex							       0.896
  Male	 86.7	 46.7	 4.52	 0.034	 0.963	 0.543‑1.707	
  Female	 91.4	 68.6					   
Age, years							     
  ≥60	 92.3	 46.2	 0.065	 0.798			 
  <60	 87.0	 61.1					   
pN stage							       0.301
  N0‑1	 91.1	 64.3	 6.285	 0.012	 0.594	 0.222‑1.594	
  N2	 83.3	 37.5					   
p‑stage							       0.181
  I	 96.0	 76.0	 16.53	 0.000	 1.266	 0.896‑1.788	
  II	 91.3	 65.2					   
  III	 78.1	 34.4					   
POCT							       0.023
  Yes	 90.3	 59.7	 8.83	 0.003	 0.476	 0.251‑0.904	
  No	 83.3	 44.4					   
PORT							       0.116
  Yes	 91.5	 60.6	 4.88	 0.027	 0.508	 0.219‑1.181	
  No	 66.7	 22.2					   
PCI							       <0.001
  Yes	 96.1	 78.4	 30.01	 <0.001	 0.229	 0.121‑0.443	
  No	 75.9	 17.2					   
PD‑L1 expression							       0.011
  <5%	 82.1	 32.1	 10.39	 0.001	 0.485	 0.279‑0.845	
  ≥5%	 92.3	 69.2					   
BM							       0.026
  Yes	 81.5	 25.9	 20.12	 <0.001	 1.900	 1.078‑3.348	
  No	 92.5	 71.7					   

OS, overall survival; pN, pathological lymph node; p‑stage, pathological stage; POCT, postoperative chemotherapy; PORT, postoperative 
radiotherapy; PCI, prophylactic cranial irradiation; BM, brain metastasis; PD‑L1. programmed death ligand 1; CI, confidence interval. 

Figure 4. Kaplan‑Meier plot of overall survival of patients with or without 
BM (P<0.01). BM, brain metastases.



LIU et al:  PD-L1 PREDICTS SURVIVAL AND BM IN SCLC2378

of the patients. The majority of PD‑L1(+) tumor cells were 
detected in patients with p‑stage I‑II (45%) and pN0‑1 disease 
(51.3%). The correlation of PD‑L1 expression with survival 
was investigated and the predictive value of PD‑L1 expression 
for BM development was evaluated in Tables III and IV and 
Figs. 3 and 4. PD‑L1(+) expression was a top factor associated 
with improved survival and a lower risk of developing BM. 
As depicted in Fig. 3, the MST in the PD‑L1(+) group was 
46.4 months, which was longer than the MST of 28.5 months 
in the PD‑L1(‑) group (P=0.002). Fig. 5 depicted the risk of 
developing BM at 3 years was significantly lower in PD‑L1(+) 
patients than in PD‑L1(‑) patients (24.1% vs. 48.4%, P=0.046). 
As depicted in Tables III and IV, multivariate analysis demon-
strated that PD‑L1 expression was an independent factor for 
survival (HR=0.485, P=0.011) and BM (HR=0.335, P=0.024).

The PD‑L1/PD‑1 pathway is a negative costimulatory 
signal that limits effector T cell responses and promotes tumor 
evasion and intolerance  (15). PD‑L1 is not only expressed 
on the membranes of tumor cells but also in immune cells. 
Whether PD‑L1 expression on tumor cells or immune cells 
influences tumor progression remains controversial. Recent 

evidence has suggested that PD‑L1 expression on tumor 
cells may control tumor growth (28,29). PD‑L1 expression 
in SCLC remains unclear. A retrospective analysis of PD‑L1 
expression in 61 pulmonary and 33 extrapulmonary cases of 
SCLC revealed no positive PD‑L1 staining in tumor cells (19). 
Another study was conducted to detect PD‑L1 expression in 
four SCLC cell lines which revealed that PD‑L1 was weakly 
expressed on the cell surface of all four cell lines (18). However, 
a recent study including 249 patients with SCLC demonstrated 
that PD‑L1 was positively expressed in 16.5% (41/249) of the 
tumor samples, as detected by two antibodies (SP142 and Dako 
28‑8) with the threshold of PD‑L1 positivity set as ≥1% cell 
staining (13). Additionally, a study including 102 SCLC speci-
mens indicated 71.6% of tumor cells were PD‑L1(+), which 
was significantly associated with limited disease SCLC (17). 
PD‑L1(+) expression was also observed in 51.83% (n=83) 
SCLC specimens (20). The differences among the samples 
obtained, the antibodies used, the defined cut‑off values and the 
evaluation system in these studies may contribute to the incon-
sistent results. Takada et al (30) evaluated PD‑L1 expression 
in 40 surgically resected SCLC specimens by IHC using three 

Table IV. Risk factors for developing brain metastasis in patients with completely resected small cell lung cancer.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Factor	 1‑year OS,%	 3‑year OS, %	 χ2	 P‑value	 HR	 95% CI	 P‑value

Sex							     
  Male	 16.14	 36.74	 1.427	 0.232			 
  Female	 11.43	 24.51					   
Age, years							     
  ≥60	 19.23	 32.90	 0.04	 0.838			 
  <60	 11.48	 30.75					   
pN stage							     
  N0‑1	 12.64	 24.53	 4.072	 0.044	 0.529	 0.172‑1.630	 0.267
  N2	 17.62	 56.80					   
p‑stage					     2.139	 1.113‑4.108	 0.022
  I	 8.00	 12.38	 10.69	 0.001			 
  II	 13.04	 22.47					   
  III	 19.97	 56.04					   
POCT							     
  Yes	 16.13	 33.70	 0.438	 0.508			 
  No	 6.25	 22.12					   
PORT							     
  Yes	 12.844	 28.71	 2.440	 0.118			 
  No	 23.81	 59.37					   
PCI							     
  Yes	 3.96	 14.88	 23.43	 <0.001	 0.186	 0.080‑0.436	 <0.001
  No	 32.33	 63.36					   
PD‑L1 expression							     
  <5%	 26.5	 48.4	 3.970	 0.046	 0.335	 0.130‑0.864	 0.024
  ≥5%	 7.7	 24.1					   

HR, hazard ratio; CI, confidence interval; OS, overall survival; pN, pathological lymph node; p‑stage, pathological stage; POCT, postoperative 
chemotherapy; PORT, postoperative radiotherapy; PCI, prophylactic cranial irradiation; PD‑L1, programmed death ligand 1.
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different antibodies (clones E1L3 N, 28‑8 and SP142) and three 
different evaluation methods [Allred score with range 0‑8 (A, 
Intensity 0‑3; B, proportion of PD‑L1 + cells 0‑5; A+B=Allred 
score); ≥1% cut‑off and ≥5% cut‑off]. The results revealed 
that PD‑L1 was positively expressed on the membranes of 
tumor cells, but expression levels were different (Allred score, 
22.5‑35%; 1% cut‑off, 20‑32.5%, 5% cut‑off,  15%). In the 
current study, IHC was performed with the SP142 antibody 
to detect PD‑L1 expression in postoperative specimens. The 
results revealed that with a cut‑off of ≥5% staining, PD‑L1 was 
positively expressed in 65.0% of SCLC samples. It was noted 

that one study investigating PD‑L1 expression in BM speci-
mens revealed that 34.4% (11/32) of patients demonstrated 
PD‑L1 expression in the membrane of tumor cells using a 
cut‑off of ≥5% staining (21). At the Department of Medical 
Oncology, Affiliated Hospital of Weifang Medical University, 
where the present study was undertaken, BM diagnosis was 
based on imaging findings or lumbar puncture. Therefore, the 
prevalence of PD‑L1 expression in BM tissues could not be 
accurately assessed.

SCLC treatment continues to rely on conventional chemo-
therapy, and there is not yet an effective target to improve 
survival. The breakthrough of anti‑PD‑1/PD‑L1 treatment 
for non‑small cell lung cancer and melanoma has shed light 
on its potential as a treatment for SCLC. Several studies have 
demonstrated that PD‑L1(+) expression is a novel biomarker 
that could improve prognosis prediction among patients with 
SCLC (16,17,20). A retrospective study including 40 patients 
with resected SCLC indicated an improved disease‑free 
survival among patients with PD‑L1(+) expression (16). The 
MST among patients with SCLC with PD‑L1(+) tumors was 
longer than those with PD‑L1(‑) tumors (16.3 vs. 7.3 months, 
P<0.001), and PD‑L1 was an independent factor for survival, 
as demonstrated by multivariate analyses (HR=0.435, 
P=0.008) (17). Another study detected PD‑L1 expression in 83 
SCLC specimens and revealed an improved MST in patients 
with PD‑L1(+) tumors (17.0 vs 9.0  months, P=0.018)  (20). 
Despite differences in PD‑L1 antibodies, tumor tissue speci-
mens obtained from biopsy or surgery and other clinical features 
among those studies, PD‑L1(+) expression was consistently 
identified as a predictor of improved OS. In the current study, 
all specimens were obtained by surgery, and the prolonged 
survival in PD‑L1(+) group further demonstrated the predictive 
value of PD‑L1 for survival. However, no data was available 
to investigate the effect of PD‑L1 expression on drug treat-
ment outcome. As the patients recruited to the present study 
had all undergone complete resection between 2010 and 2012, 
no specimens were available for secondary biopsy following 
chemotherapy. Moreover, no checkpoint inhibitor therapy was 
available in China at the time of the present study.

The brain is the most common metastatic site for SCLC, and 
BM further reduces patient survival. As indicated in a previous 
study, patients with pathological stage I do not benefit from 
PCI following surgery (10); therefore, routine administration of 
PCI to all patients with resected SCLC may not be clinically 
advisable. Meanwhile, conventional chemotherapy and targeted 
drugs have difficulty penetrating the brain due to the blood‑brain 
barrier. Although the correlation of PD‑L1 expression has been 
less studied in BM from patients with SCLC, it has been initially 
demonstrated to be of value (24). In a large mixed cohort of 
252 BM specimens, the correlation between PD‑L1 expres-
sion and BM size was investigated, and the results revealed a 
strong negative correlation between PD‑L1 expression and BM 
size (P=0.0016) (24). However, only 9 SCLC specimens were 
included in Harter's study. Another study including 32 SCLC 
specimens was conducted to detect PD‑L1 expression and 
revealed that 75.0% of BM specimens expressed PD‑L1, with 
34.4% of cases demonstrating PD‑L1 expression in ≥5% of 
the tumor cells; furthermore, PD‑L1 expression in tumor cells 
was not correlated with survival (P=0.662) (21). In the present 
study, the risk of developing BM in the PD‑L1(+) group was 

Figure 5. Kaplan‑Meier plot of the risk of developing BM among patients with 
PD‑L1(+) or PD‑L1(‑) tumors (P=0.046). PD‑L1, programmed death‑ligand 1; 
BM, brain metastases.

Figure 6. Kaplan‑Meier plot of the risk of developing BM in patients with 
(A) different pathological stages and (B) treated with or without PCI. BM, 
brain metastases; PCI, prophylactic cranial irradiation.
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significantly lower than that in the PD‑L1(‑) group. Regardless 
of the variations between studies, the data suggested that the 
PD‑L1 pathway serves an important role in BM in SCLC and 
reveal a positive effect of PD‑L1 positivity on clinical outcomes.

Several limitations can be attributed to this retrospec-
tive study. As previously mentioned, only 38.2% (112/293) 
of patients with SCLC underwent surgery within four years 
at the Department of Medical Oncology, Affiliated Hospital 
of Weifang Medical University, where the present study was 
undertaken. According to the criteria of enrolment, the number 
of eligible patients was limited to 80. For this retrospective 
study however, the data from this small cohort is sufficient to 
explain certain findings. In addition, there were no approved 
antibodies for detecting PD‑L1 expression at the time of the 
study. On the other hand, SP142 was more readily available 
than other antibodies. In addition, as the present study was a 
preliminary exploratory study, research funding was identi-
fied as a limiting factor. Furthermore, the initial objective was 
to investigate the expression of PD‑L1 in resectable SCLC. 
Following completion of the preliminary IHC result analysis, 
the findings of the present study were presented. We have 
performed animal experiments to establish a SCLC brain 
metastasis model and investigated the role of PD‑L1/PD‑1 and 
other immune‑related molecules in survival and response to 
radiotherapy and checkpoint inhibitor treatment.

PD‑L1 is commonly expressed on the membranes of SCLC 
cells. PD‑L1(+) expression is associated with reduced risk of 
BM and is predictive of improved survival, which suggests that 
checkpoint inhibition therapy at an optimal time in the course 
of the disease may further prolong survival. Considering these 
results and the small sample size in this retrospective study, 
further large‑scale and/or randomized studies are urgently 
required.
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