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Background: Whether postoperative thoracic radiotherapy (PORT) is beneficial for small cell lung cancer 
(SCLC) of different lymph node stages remains uncertain; therefore, the purpose of this meta-analysis was to 
explore the clinical significance of PORT for SCLC patients subdivided by lymph node status.
Methods: The PubMed, OVID, Web of SCI, EMBASE, Google Scholar, Cochrane Library, Chinese 
National Knowledge Infrastructure and Wanfang databases were systematically searched to identify eligible 
studies where SCLC patients received PORT based on lymph node stage. The main outcome measures were 
1-, 3- and 5-year overall survival (OS) rates, as well as 1-, 2- and 3-year local regional recurrence (LRR) 
rates. All data were analyzed using STATA 12.0 and expressed as risk ratios (RR) with their corresponding 
95% confidence intervals (95% CI).
Results: Five cohort studies, including 3,497 SCLC patients (578 receiving PORT and 2,919 not) were 
included in this study. PORT significantly decreased the 1-, 2- and 3-year LRR rates (RR =0.14, 0.28 and 0.27, 
respectively; Pall<0.05), but did not improve the 1-, 3- or 5-year OS rates when all patients were analyzed 
together. However, subgroup analysis showed that in the pN0 group PORT did not improve the 1-, 3- or 
5-year OS rates or decrease the 1-, 2- or 3-year LRR rates; in the pN1 group PORT reduced the 1-, 2- and 
3-year LRR rates (RR =0.11, 0.16 and 0.17, respectively; Pall<0.05) and improved the 1-year OS rate (RR 
=0.40; P<0.001), but not the 3- or 5-year OS rates; in the pN2 group PORT significantly reduced the 1-, 2- 
and 3-year LRR rates (RR =0.14, 0.15 and 0.15 respectively; Pall<0.05) and improved the 1-, 3- and 5-year 
OS rates (RR =0.46, 0.72 and 0.85, respectively; Pall<0.05).
Conclusions: This is the first meta-analysis of the benefits of PORT for SCLC patients. Although derived 
from retrospective cohort studies, the data showed that PORT significantly reduced the risk of recurrence 
and improved survival for patients with pN2-SCLC; however, patients with pN0-SCLC did not benefit 
from PORT, whereas for patients with pN1-SCLC, PORT reduced the LRR rates and improved the 1-year 
survival rate. The long-term survival benefits of PORT remain unclear and will require further prospective 
studies.
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Introduction

The most common cause of cancer-related deaths 
worldwide is lung cancer, among which small cell lung 
cancer (SCLC) accounts for approximately 15% (1). SCLC 
is extremely malignant and characterized by a rapidly 
progressing primary mass, early lymph node metastases 
and distant disseminations (2). As recommended in the 
European Society for Medical Oncology (ESMO) (3) and 
National Comprehensive Cancer Network (NCCN) (4)  
guidelines, the combination of chemotherapy and 
thoracic radiotherapy is the current standard of care 
for limited-stage SCLC, and subsequent prophylactic 
cranial irradiation (PCI) is given when patients show 
significant response to chemoradiotherapy. The progress 
made in early diagnosis and surgical techniques for lung 
cancer in recent years has resulted in surgery having a 
more important role in limited early stage SCLC. Some 
retrospective analyses have shown that surgical-based 
multi-modality treatment significantly improved the 5-year 
survival compared with chemoradiotherapy alone for 
patients with early SCLC (5-9) (summarized in Table 1).  
Thus, in fit patients, especially those with peripherally 
located and early T stage SCLC, and negative mediastinal 
lymph nodes on CT scan, PET-CT scan or EBUS and/
or mediastinoscopy, surgery may be a valid alternative 
to chemoradiotherapy (3,4). However, the local-regional 
recurrence (LRR) rate still ranged from 10–20% after 
surgery (10,11), underscoring the need to define better 
postoperative therapeutic strategies.

Recently, a population-based analysis of the National 
Cancer Database showed that for patients who underwent 
complete resection and had postoperative pT1-2N0M0 
SCLC, adjuvant chemotherapy with or without PCI was 
associated with improved survival compared with those 
without adjuvant therapy. The median overall survival 
(OS) and 5-year survival rates were 66 months and 53%, 
respectively (12). It has been recognized that thoracic 
postoperative radiotherapy (PORT) cannot further improve 
survival for non-SCLC (NSCLC) patients who received 
complete resection and presented with postoperative 
pN0- or pN1-staged disease (13). However, it has been 
controversial whether PORT could reduce the recurrence 
risk and improve survival for patients with different stages 
of metastatic lymph node (pN0, pN1, and pN2) SCLC. 
Therefore, a meta-analysis was performed to evaluate the 
benefit of PORT for patients with different postoperative 
lymph node-staged SCLC.

Methods

Search strategy and study selection

Search strategy
An electronic search of the PubMed, OVID, Web of 
SCI, EMBASE, Google Scholar, Cochrane Library, 
Chinese National  Knowledge Infrastructure and 
Wanfang databases were performed on February 29, 
2016, using the following retrieval details: (small cell 
lung cancer [Title] NOT non-small [Title]) AND 
((post-operative OR postoperative OR surgery) AND 
(radiotherapy OR radiation therapy) OR PORT). The 
published languages and years were not limited. The 
computer search was supplemented with manual searches 
of the listed references in all retrieved articles, primary 
studies and abstracts from meetings, such as American 
Society of Clinical Oncology (ASCO), ESMO and World 
Conference of Lung Cancer (WCLC).

Inclusion criteria
Studies were included if they met the following inclusion 
criteria: (I) research type: prospective or retrospective 
cohort study; (II) patients: the criteria for eligible patients 
included histologically or cytologically confirmed SCLC; 
patients with SCLC underwent radical surgery; an Eastern 
Cooperative Oncology Group (ECOG) performance status 
of 0–2; (III) intervention measure: compared PORT with 
non-PORT according to postoperative lymph node stage; 
(IV) research outcome: reported survival (DFS and/or OS) 
and/or relapse data, regardless of the publication status 
(published, conference proceedings, or unpublished). 

Exclusion criteria
Studies were excluded if they met any of the following 
exclusion criteria: (I) low sample size (n<10); (II) systematic 
reviews and repeated published studies; if similar papers 
were published by the same organization, then we included 
the most comprehensive study; (III) survival and/or relapse 
data could not be extracted from the literature.

Study screening and data extraction

Two investigators (Zhang SL and Sun X) independently 
inspected each reference and applied the inclusion criteria. 
For possibly relevant articles or in cases of disagreement, 
both investigators inspected the full text independently, and 
the inclusion/exclusion of conflicting studies was decided 
by consultation with a third investigator. A standardized 
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approach was used to extract data from each article such 
as publication details, quality scores, first author’s name, 
year of publication, case number and lymph node stage. 
Each publication was carefully examined, including the 
names of all authors, to avoid duplication of data. We also 
extracted the outcome measures of each study as follows: 
the 1-, 3- and 5-year OS rates and/or the 1-, 2- and 3-year 
LRR rates from the PORT and non-PORT groups, as well 
as the OS and/or LRR rates of N0-, N1- and N2-staged 
patients from the two groups separately. As some studies 
did not report the OS rate directly, Kaplan-Meier curves 
were read using Engauge Digitizer software version 4.1 
(http://sourceforge.net).

Quality assessment and statistical analysis

Quality assessment
The studies in the meta-analyses were assessed based 

on the 9-star Newcastle-Ottawa Scale for quality (non-
randomized). The tool was used to assess risk of bias, 
including representativeness, selection of the non-exposed 
cohort, ascertainment of exposure, demonstration, assessment 
of outcome, follow-up and adequacy of follow up.

Statistical analysis
Data were analyzed using STATA 12.0 (STATA Corp, 
College Station, TX, USA) statistical software. As the 
median survival and HR in partial studies could not 
be obtained or extracted from the original papers, we 
calculated the relative ratio (RR) with a 95% confidence 
interval (CI) instead of HR using STATA 12.0 to analyze 
the 1-, 3-, and 5-year OS rates and the 1-, 2-, and 3-year 
LRR rates between the PORT and non-PORT group, 
using a previously published method (14). A P value 
less than 0.05 was considered statistically significant. 
The inconsistency index (I2 statistic) was used to assess 
heterogeneity among the studies. If P<0.10 and I² >50%, 
a random-effects model was usually used to examine the 
reason for the heterogeneity. Otherwise, the fixed-effects 
model was used.

Results

Retrieved literature

A total of 367 relevant studies were retrieved according to 
the outlined strategy. Based on the inclusion and exclusion 
criteria, 362 studies were excluded by reading the title, 
abstract and full text. Finally, five studies, including  
3,497 patients, were included for the meta-analysis (15-19), 
and all were retrospective cohort studies. The PORT dose 
patients received between 40 and 60 Gy using 1.8–2.0 Gy/
fraction (15,17-19), and was not reported in one study (16); 
and partial patients received PCI (Table 2). The T stage in  
3,497 patients was mainly T1-2. There were 3,142 T1-2 
stage patients, 115 T3 stage patients, and 97 T4 stage 
patients. We could not extract the T stage details of the 
remaining 143 patients. A flow chart depicting the strategy 
is shown in Figure 1.

Quality assessment of the included studies

All trials were assessed using the Newcastle-Ottawa Scale, 
with more stars indicating better quality. The studies 
included in this analysis scored 6–7 (Table 3).

Table 1 Five-year survival rate based on postoperative stage 
and treatment regimen of SCLC from previously published 
retrospective studies

Stage Study Cases Treatment 5-OS rate (%)

I Asamura (5) 206 S ± C ± R 59

Lim (6) 30 S ± C ± R 60

Takenaka (7) 44 S ± C ± R 62

6 C ± R 25

Weksler (8) 682 S ± C ± R 45

2,000 C ± R 16

II Asamura (5) 58 S ± C ± R 35

Lim (6) 13 S ± C ± R 49

Takenaka (7) 27 S ± C ± R 33

26 C ± R 24

Weksler (8) 212 S ± C ± R 30

666 C ± R 12

III Asamura (5) 100 S ± C ± R 31

Lim (6) 10 S ± C ± R 50

Takenaka (7) 17 S ± C ± R 18

157 C ± R 18

References (5,6) and references (7,8) used the 6th and 7th 
edition of TNM staging system, respectively. S, surgery; C, 
chemotherapy; R, radiotherapy; OS, overall survival. 
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Comparing survival rates between the PORT and non-
PORT groups

All patients
Heterogeneity was found after applying the heterogeneity 
test (I2 =70.8% for the 3-OS rate), thus a random effect 
model was used for OS rate analysis. The results showed 
that PORT did not improve the 1-, 3- or 5-year OS 
rates when all patients (n=3,497) were analyzed together  
(RR =0.66, 0.81 and 0.99; P=0.135, 0.251 and 0.926, 
respectively) (Figure S1A).

Subgroup analysis based on lymph node stage
No heterogeneity was found in the comparisons made 
according to different lymph node stage. In pN0 patients 
(n=2,371), no significant difference was seen in 1-, 3- 
or 5-year OS rates between the PORT and non-PORT 
groups (RR =0.86, 1.02 and 1.05; P=0.447, 0.753 and 0.337, 
respectively) (Figure S1B). 

In pN1 patients (n=667), no significant difference was 
seen in the 3- or 5-year OS rates between the PORT and 
non-PORT groups (RR =0.91 and 0.90, P=0.207 and 0.114, 
respectively); however, an improved 1-year survival rate was 
found in the PORT group compared with the non-PORT 
group (RR =0.40; P<0.001) (Figure S1C).

In pN2 patients (n=459), the results showed that PORT 
significantly improved 1-, 3- and 5-year OS rates (RR =0.46, 
0.72 and 0.85; P<0.001, <0.001 and P=0.005, respectively) 
(Figure S1D).

Comparing LRR rates between the PORT and non-PORT 
groups

All patients
No heterogeneity was found between the studies using 
the heterogeneity test. The results showed that PORT 
significantly reduced 1-, 2- and 3-year LRR rates for SCLC 

Table 2 Main characteristics of the included studies

Author Year
Number of 
patients (n)

N stage PORT
Dose (Gy)

Dose per 
fraction (Gy)

PCI
End-point

N0/N1/N2 Yes No Yes No

Bischof (15) 2007 39 23/16/0 16 23 50–60 2 21 18 OS

Yu (16) 2010 243 243/0/0 38 205 NR NR NR NR OS

Liu (17) 2014 143 58/28/57 53 90 40–60 1.8–2 6 137 OS, LRR rate

Zhang (18) 2015 55 15/20/20 23 32 45–60 2 10 45 OS, DFS, LRR 
rate

Wong (19) 2016 3,017 2,032/603/382 448 2,569 54 NR NR NR OS

PORT, postoperative radiotherapy; OS, overall survival; LRR, local regional recurrence; DFS, disease-free survival; NR, Not reported.

 Electronic databases research
(n=367)

Records retrieved for more detailed evaluation 
(n=69)

Titles or abstracts were excluded not relevant 
(n=298)

Potentially relevant citations for more detailed 
evaluation (n=13)

Records were excluded as similar data or 
multiple publications (n=56)

Studies included in this meta-analysis (n=5)

No appropriate outcome data (n=8)

Figure 1 Flowchart of the literature search procedure.
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patients (RR =0.14, 0.28 and 0.27; P=0.002, 0.001 and 
P<0.001, respectively) (Figure S2A).

Subgroup analysis based on lymph node stage
No heterogeneity was found in the comparisons made 
according to different lymph node stage. Subgroup analyses 
showed that in pN0 patients, there was no statistical 
difference in 1-, 2- and 3-year LRR rates between the 
PORT and non-PORT groups (RR =0.33, 0.67 and 0.68; 
P=0.305, 0.514 and 0.471, respectively) (Figure S2B). 
However, in pN1 and pN2 patients, PORT significantly 
reduced 1-, 2- and 3-year LRR rates (RR =0.11, 0.16 and 
0.17; P=0.032, 0.037 and 0.041, respectively for pN1 
patients; RR =0.14, 0.15 and 0.15; P=0.009, 0.003 and 
P<0.001, respectively for pN2 patients) (Figure S2C,D). 

Discussion

Whether additional thoracic PORT is beneficial for 
patients with limited stage SCLC who have received 
radical operations and subsequent chemotherapy remains 
controversial. Although members of the NCCN Committee 
agreed that SCLC patients with pathologically confirmed 
lymph node metastases should be treated with PORT, this 
recommendation was only based on lower-level evidence 
and was not supported by prospective data. This is the first 
meta-analysis to analyze the benefits of PORT on limited 
stage SCLC patients, despite the fact that the pooled data 
were based on retrospective studies. Five retrospective 
cohort studies with a total of 3,497 cases were included 
in this analysis. The results demonstrated that for pN2-
SCLC patients, PORT significantly reduced the 1-, 2- and 
3-year LRR rates, and simultaneously increased the 1-, 3- 
and 5-year OS rates; for pN1-SCLC patients, PORT also 
significantly reduced the 1-, 2- and 3-year LRR rates, and 
increased the 1-year OS rate, but failed to improve the 3- 
and 5-year OS rates; for pN0-SCLC patients, PORT had 
no clinical benefit on either OS or LRR rates. Our meta-
analysis suggested that PORT should be conventionally 
performed in patients with postoperative lymph node 
positive SCLC, although the long-term survival benefit of 
PORT in pN1-SCLC patients requires further study. 

Several series (7,8,20-24) have reported good outcomes 
in patients with limited early stage SCLC who received 
surgical-based multi-modality treatments. Therefore, 
patients with limited early stage SCLC with clinical T1-
2N0-1M0 may be considered for lobectomy plus systematic 
mediastinal lymphadenectomy (3,4). Moreover, different T
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surgical approaches might have different effects on survival. 
A study which included 28,621 cases of stage I-IIIA SCLC 
from the National Cancer Database (25) showed that 5-year 
survival rates were significantly improved in patients who 
underwent lobectomy compared with those who underwent 
segmentectomy or pneumonectomy (40% vs. 21% vs. 
22%, respectively). In addition, sublobar resection for early 
SCLC was obviously associated with increased risk of death 
compared with lobectomy in the Cox Proportional Hazards 
analysis of mortality when controlling for patient and tumor 
characteristics. Additionally, the 5-year survival could 
be further prolonged in patients receiving postoperative 
chemotherapy compared with those receiving surgery alone, 
thus postoperative adjuvant chemotherapy has been the 
standard of care for patients with limited early stage SCLC 
who underwent radical surgery due to the improvement in 
long-term survival. 

  Nevertheless, due to the high recurrence risk and 
poor prognosis after surgery, the introduction of PORT 
may further improve prognosis for patients with limited 
stage SCLC. Zhou et al. (26) reported a cohort study 
that showed PORT could improve survival in patients 
with SCLC; however, Varlotto et al. (27) found that 
patients with limited early stage (stage I–II) SCLC did 
not benefit from PORT, and segmentectomy was inferior 
to lobectomy but superior to radiotherapy alone. Zhu  
et al. (28) proposed that PORT should be given for patients 
with primary lesions greater than 5 cm or postoperative 
positive lymph nodes. The abovementioned reports mainly 
involved patients with postoperative stage I–III, but did not 
further explore a correlation between survival and lymph 
node status and treatment factors. Recently, there were a 
few studies that tested PORT on different lymph node-
staged SCLC. These retrospective studies showed that 
PORT reduced the local recurrence rate and simultaneously 
improved the survival rate in patients with postoperative 
lymph node positive, especially pN2-staged, SCLC  
(17-19,29). However, the cohort size in each study was 
relatively small. This meta-analysis provided a large number 
of pooled patients from clinical practices; however, it must 
be noted that only two of the included studies analyzed the 
5-year survival rate in patients with pN1 disease. Thus, 
interpretation of the long-term survival effect of PORT in 
pN1-SCLC patients should be carried out with caution. In 
addition, despite the lack of detailed information regarding 
T stage, the present meta-analysis did not further analyze 
the effect of T stage on the benefit of PORT for SCLC 
subdivided by lymph node stage, as patients mainly had 

T1-2 stage. Currently, the optimal radiation dose and 
fractions of PORT for SCLC have not been established. 
Based on the studies included in this meta-analysis, 
commonly used prescription doses and fractions were 40–60 Gy 
delivered in 1.8–2.0 Gy/fraction.

There are some limitations in our meta-analysis. Firstly, 
all included studies were retrospective studies, and the 
quality assessment showed low scores of grades 6–7, leading 
to relatively unstable reliability of the results; additionally, 
due to the limited number of studies included (n=5), we 
did not draw an Egger funnel plot to detect bias or analyze 
sensitivity to ensure the stability of the conclusions of this 
meta-analysis. Secondly, for the meta-analysis based on time 
to event studies, pooling the HR is preferred, as few studies 
reported PORT-related survival and LRR. Only five studies 
were included, the median survival and HR in partial studies 
could not be extracted; therefore, we calculated the RR 
based on the data of the 1-, 3-, and 5-year OS rates and the 
1-, 2-, and 3-year LRR rates extracted from the included 
studies, although the extracted data may not be consistent 
with the original data. Thirdly, some confounding 
factors may have affected the OS, such as differences in 
institutions, operation types, dose of PORT, PCI, and 
cycles of chemotherapy. For example, due to the absolute 
benefit of PCI on long-term survival, at present, PCI is 
mainly recommended for patients who have undergone a 
radical resection and completed adjuvant chemotherapy 
(30,31). In the included studies, PCI was only given to some 
patients; therefore, PCI may be a confounding factor for 
survival; however, we could not extract accurate and detailed 
information on PCI between the PORT and non-PORT 
group. Therefore, a prospective randomized clinical trial is 
needed to validate these results.

In conclusion, although derived from retrospective 
cohort studies, the present study demonstrates that PORT 
is beneficial in pN2 patients as it improves long-term 
survival and reduces local regional recurrences (LRRs), and 
improves 1-year survival rate and reduces LRRs in pN1 
patients. However, the current evidence does not support 
any benefit in using PORT in terms of recurrence risk or 
survival, in patients with postoperative pN0 SCLC. Due 
to quality limitations in the studies included in this meta-
analysis, further well-designed, prospective studies are 
needed to further confirm these findings.
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Supplementary

Figure S1 Forest plot of the OS rate between the PORT and non-PORT groups. (A) All patients; (B) pN0 subgroup; (C) pN1 subgroup; (D) pN2 subgroup.
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Figure S2 Forest plot of the LRR rate between the PORT and non-PORT groups. (A) All patients; (B) pN0 subgroup; (C) pN1 subgroup; (D) pN2 subgroup.
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