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Abstract: Background: With clinical trials on the use of different modern precise radiotherapy techniques in the 
setting of postoperative radiotherapy (PORT) in N2 non-small cell lung cancer (NSCLC) accumulating, an updated 
meta-analysis was performed. Methods: A literature search identified studies that investigated PORT versus non-
PORT in N2 NSCLC patients. Overall survival (OS) and locoregional recurrence (LR) were employed. The hazard ratio 
(HR) and relative risk (RR) with 95% confidence interval (CI) were analyzed. Results: Overall, 33 studies comprised 
8653 patients in the PORT group and 12398 in the non-PORT group. The HR for OS was 0.95 [95% CI: 0.91-0.98, 
P: 0.0009]. HRs of studies employing conventional radiotherapy, 3-dimensional conformal radiotherapy (3D-CRT) 
and intensity-modulated radiotherapy (IMRT) were 0.90 [95% CI: 0.78-1.04, P: 0.16], 0.82 [95% CI: 0.72-0.93, P: 
0.002] and 0.77 [95% CI: 0.64-0.91, P: 0.003], respectively. All HRs favor the PORT group. The RR for LR was 0.56 
[95% CI: 0.49-0.65, P<0.00001]. RRs of studies employing conventional radiotherapy, 3D-CRT and IMRT were 0.61 
[95% CI: 0.50-0.75, P<0.00001], 0.58 [95% CI: 0.46-0.72, P<0.00001] and 0.58 [95% CI: 0.45-0.73, P<0.00001], 
respectively. Conclusion: PORT using 3D-CRT or IMRT benefits patients with N2 NSCLC in terms of LR and OS. PORT 
using conventional radiotherapy significantly decreases LR while it does not significantly increase OS.

Keywords: Non-small cell lung cancer, postoperative radiotherapy, 3-dimensional conformal radiotherapy, intensi-
ty-modulated radiotherapy, chemoradiotherapy

Introduction

Non-small cell lung cancer (NSCLC) accounts 
for >80% of all lung cancer cases and remains 
the leading cause of cancer-related mortality 
worldwide [1-3]. About two thirds of N2 NSCLC 
patients treated with resection combined with 
chemotherapy died within 5 years [4]. That 
partly owes to locoregional recurrence (LR) 
because the LR rate in patients with stage N2 
is as high as 40% after complete resection and 
LR reduces the life expectancy sharply [4-7]. 
Postoperative radiotherapy (PORT) is a poten-
tial way to cure or decrease LR. Feng reported 
that 93% of LR sites occurred at the bronchial 
stump and high-risk draining lymph node sta-
tions which would have been contained within 
the proposed PORT clinical target volume (CTV) 

[8]. But its value remains controversial. Bao et 
al. reported that PORT significantly decreased 
LR and improved overall survival (OS) [9]. 
Debevec et al. reported that in their trial, the 
number of patients whose first relapse was 
locoregional in the PORT group (10/35, 28%) 
was more than that in the control group (6/39, 
16%). There was no significant difference in OS 
between the PORT group and the control group 
[10]. Results of Van Houtte’s study illustrated 
that PORT significantly decreased OS [11].

At present, modern precise radiotherapy tech-
niques, such as 3-dimensional conformal ra- 
diotherapy (3D-CRT) and intensity-modulated 
radiotherapy (IMRT), have been widely applied. 
They allow delivery of high radiation doses to 
the gross tumor, bulky lymph nodes, and high-
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risk areas while sparing dose and volume of 
organs at risk [12, 13]. That may increase the 
efficacy and decrease adverse effects in pa- 
tients with NSCLC [14, 15]. Moreover, clinical 
trials that reported the efficacy of PORT using 
modern radiotherapy techniques in N2 NSCLC 
have been accumulating [12, 16, 17]. An updat-
ed and comprehensive meta-analysis to evalu-
ate efficacies of different radiotherapy tech-
niques in pathologic N2 NSCLC was conducted 
here.

Materials and methods

Study registration

The protocol of this meta-analysis is registered 
in PROSPERO, under the registration number 
CRD42023462065 on September 20, 2023.

Search strategy

This study was designed according to the 
Cochrane Handbook for Systematic Reviews  
of Interventions and the PRISMA (preferred 
reporting items for systematic reviews and 
meta-analyses) statement [18-20]. Systemic 
searches were conducted in PubMed, Cochrane 
Library and MEDLINE. Search strategies con-
tained the following keywords variably com-
bined by “postoperative radiotherapy”, “PORT”, 
“non-small cell lung cancer”, “NSCLC” and 
“stage N2”. Articles written in English were 
included.

Inclusion/exclusion criteria

Inclusion criteria: 1) Patients: Pathologically 
confirmed stage N2 NSCLC patients underwent 
complete resection followed by PORT (PORT 
group) or not (non-PORT group). System the- 
rapy (chemotherapy, immunotherapy, target 
therapy, et al.) was not taken into account. 2) 
Types of studies: Cohort study. 3) Language: 
English.

Exclusion criteria: 1) Patients were treated with 
radiotherapy before surgery. 2) Patients were 
treated with other types of local treatment, 
including but not limited to, radiofrequency 
ablation, cryoablation, high intensity focused 
ultrasound, and so on. 3) Duplicate published 
trials. 4) Studies without enough data.

Data extraction and quality assessment

Each included study was thoroughly reviewed 
by 2 investigators and confirmed according  
to review criteria. Following information was 
extracted: OS, LR, disease-free survival (DFS), 
distant metastases-free survival (DMFS). Data 
were independently cross-checked.

Risk bias was assessed for included Cohort tri-
als by Cochrane Handbook 5.1.0. using RevMan 
(Review Manager, version 5.3 for Windows) [19, 
20].

Statistical analysis

Statistical analysis was performed using Rev- 
Man. The statistical method of subgroup analy-
sis was adopted. Statistical pooling of effect 
measures was based on the level of heteroge-
neity among studies, which was assessed with 
the Cochrane Q test and the I2 statistic. No sig-
nificant heterogeneity was indicated by P>0.1 
in Cochrane Q tests and a ratio less than 50% 
in I2 statistics. The hazard ratio (HR) and risk 
ratio (RR) were used to quantify the prognostic 
effect. The HR was calculated using the fixed-
effects model inverse variance method. The  
RR was calculated using the Mantel-Haenszel 
method under the fixed-effects model. Pub- 
lication bias was evaluated by visual inspection 
of funnel plots. P≤0.05 was considered signifi-
cant [18-20].

Results

Characteristics of included studies

As shown in Figure 1, a total of 5648 articles 
were identified initially using the above search 
strategy. On review of the title and abstract, 
5567 articles were excluded. After further care-
ful review of the full text, 48 studies were 
excluded. Finally, 33 studies, 22 retrospective 
studies [1, 3, 6, 17, 21-38] and 11 prospective 
studies [10, 11, 39-47], were eligible for meta-
analysis, including 21051 patients, 8653 in the 
PORT group and 12398 in the non-PORT group 
(Figure 1). Table 1 lists the identified studies 
and their main characteristics.

Methodology quality

Quality assessment was performed for each 
study in accordance with the Cochrane De- 
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Figure 1. Flowchart of the study selection.

viation Risk Assessment tool as shown in 
Figure 2. Only 2 studies were at high risk of bias 
because of incomplete outcome data [23, 27].

PORT may improve OS

Twenty-nine studies provided enough data to 
analyze the HR for OS [1, 3, 6, 10, 17, 21-29, 
31-35, 37-41, 43-47]. There were 20036 sub-
jects, 8184 in the PORT group and 11852 in 
the non-PORT group. The HR of 20 retrospec-
tive studies, including 7623 patients in the 
PORT group and 11333 in the non-PORT group, 
was 0.95 [95% confidence interval (CI): 0.92-
0.98, P=0.002] [1, 3, 6, 17, 21-29, 31-35, 37, 
38]. This demonstrates that PORT significantly 
improves OS. The HR of 9 prospective studies, 
including 607 patients in the PORT group and 
588 in the non-PORT group, was 0.91 [95% CI: 
0.79-1.05, P: 0.19] [10, 39-41, 43-47]. The HR 
for OS favors PORT, but without significance. 
The pooled HR of the combination of retrospec-
tive and prospective studies was 0.95 [95% CI: 
0.91-0.98, P: 0.0009] and that was concordant 

with the HR of the retrospec-
tive studies (Figure 3A). Visual 
inspection of the correspond-
ing funnel plot revealed no 
publication bias (Figure 3B). If 
heterogeneity was not taken 
into account, similar results 
ensued. HRs of the retrospec-
tive [1, 3, 6, 17, 21-35, 37, 38], 
the prospective [10, 11, 39-41, 
43-47], and the combination 
were 0.82 [95% CI: 0.75-0.90, 
P<0.0001], 0.98 [95% CI: 0.81-
1.19, P: 0.87] and 0.86 [95% 
CI: 0.79-0.93, P: 0.0003], re- 
spectively (Supplementary Fi- 
gure 1). Results of the retro-
spective and the combination 
indicate that PORT significantly 
improves OS in patients with 
N2 NSCLC and results of the 
prospective favors PORT, but 
without significance.

PORT significantly improves 
OS in patients without neo-
adjuvant chemotherapy, 
but does not improve OS in 
patients treated with neoadju-
vant chemotherapy

Different treatment modalities were conduct-
ed. Patients were treated with neoadjuvant 
chemotherapy in 2 studies [21, 26]. The HR 
was 0.69 [95% CI: 0.40-1.19, P: 0.18]. Patients 
were treated without neoadjuvant chemothera-
py in 11 studies [3, 22, 29, 31, 33-35, 37, 41, 
43, 46]. The HR was 0.87 [95% CI: 0.81-0.94, 
P: 0.0003] (Figure 4). These findings demon-
strate that PORT significantly improves OS in 
patients without neoadjuvant chemotherapy 
while it does not improve OS in patients treated 
with neoadjuvant chemotherapy.

PORT employing 3D-CRT or IMRT significantly 
improves OS and PORT employing convention-
al radiotherapy does not

HRs of OS in patients treated with different 
radiotherapy techniques were analyzed. The 
HR of 8 studies employing conventional radio-
therapy was 0.90 [95% CI: 0.78-1.04, P: 0.16] 
[10, 28, 31, 39, 40, 43, 44, 46] (Figure 5). If 
heterogeneity was not taken into account, the 
HR was 0.92 [95% CI: 0.75-1.11, P: 0.37] [10, 
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Table 1. Characteristics of included studies

Reference
Median 

follow-up time 
(months)

RT technique

Radiotherapy 
dose (Gy)

Gy/day; Total 
dose (Gy)

Group Number of 
patients T Stage

Median 
survival time 

(months)

Median 
LRFS time 
(months)

Median 
DFS time 
(months)

Median 
DMFS time 
(months)

RETRO 1997; Sawyer et al. [30] 42 Linac 1.8-2.0; 45-66.4 PORT 88 T1-T4 34.7 NA NA NA
Non-PORT 136 T1-T4 18.1 NA NA NA

RETRO 2008; Matsuguma et al. [28] NA Linac 2; 25.2-63.9 PORT 45 T1-T3 64.1 NA 29 NA
Non-PORT 46 T1-T3 45.5 NA 11 NA

RETRO 2010; Scotti et al. [31] 27.6 Linac 2.0; 46-66 PORT 119 T1-T4 NA NA NA NA
Non-PORT 56 T1-T4 NA NA NA NA

RETRO 2010; Zou et al. [38] 72 3D-CRT 1.8-2.0; 48-54 PORT 104 T1-T4 32 96 25 NA
Non-PORT 79 T1-T4 24 39 16 NA

RETRO 2014; Kim et al. [6] 48 3D-CRT 1.8-2.0; 50-56 PORT 38 T1-T4 60.7 41 NA NA
Non-PORT 111 T1-T4 72 22 NA NA

RETRO 2015; Feng et al. [23] 31.2 3D-CRT 1.8; 50.4 PORT 70 T1-T3 34.3 NA 22.8 23.5
Non-PORT 287 T1-T3 31.2 NA 18.6 22

RETRO 2015; Hui et al. [25] NA 3D/2D 2; 60 PORT 96 T1-T3 35.3 60 28 NA
Non-PORT 125 T1-T3 17.0 14 16 NA

RETRO 2015; Robinson et al. [29] 22 NA NA; 45-82.8 PORT 1850 NA 45.2 NA NA NA
Non-PORT 2633 NA 40.7 NA NA NA

RETRO 2016; Zhang et al. [36] NA Linac 1.8; 50.4 PORT 43 T1-T3 37 24 NA 20
Non-PORT 177 T1-T3 30 22 NA 15

RETRO 2017; Breen et al. [22] 60 3D-CRT/IMRT 1.8-2.1; 41.4-60 PORT 41 T1-T4 115.6 NA NA 80
Non-PORT 30 T1-T4 92.3 NA NA 119

RETRO 2017; Herskovic et al. [24] 32.32 NA NA; 45-117.5 PORT 516 T1-T4 53.1 NA NA NA
Non-PORT 2175 T1-T4 44.5 NA NA NA

RETRO 2017; Zhang et al. [35] 36 Linac 1.8; 50.4 PORT 115 T1-T3 51 NA NA NA
Non-PORT 219 T1-T3 32 NA NA NA

RETRO 2018; Brandt et al. [21] 25 3D-CRT/IMRT NA; 50.4-54 PORT 69 T1-T4 51 NA 17 NA
Non-PORT 30 T1-T4 30 NA 19 NA

RETRO 2018; Xu et al. [3] 38.3 3D-CRT/IMRT 1.8-2.0; 48-60 PORT 89 T1-T3 76.03 100 34 NA
Non-PORT 157 T1-T3 49.83 70 23 NA

RETRO 2019; Su et al. [1] 68 3D-CRT/IMRT 1.8-2.0; 44-60 PORT 60 T1-T4 55 NA NA NA
Non-PORT 115 T1-T4 60 NA NA NA

RETRO 2019; Wang et al. [32] 25 3D-CRT/IMRT 1.8-2.0; 30-66 PORT 32 NA 146 95 19 47
Non-PORT 87 NA 32 22 13 17

RETRO 2019; Zhu et al. [37] 34.2 Linac 1.8-2.0; 48-54 PORT 46 T1-T3 32 NA NA NA
Non-PORT 69 T1-T3 20 NA NA NA
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RETRO 2020; Liu et al. [26] 26 IMRT 1.8; 50.4 PORT 94 T1-T4 66 NA NA NA
Non-PORT 217 T1-T4 45 NA NA NA

RETRO 2020; Wei et al. [33] 38 IMRT 1.8-2.0; 48-54 PORT 78 T1-T3 34 29 NA NA
Non-PORT 105 T1-T3 29 17 NA NA

RETRO 2021; Mankuzhy et al. [27] 28 NA NA PORT 4052 NA 28 NA NA NA
Non-PORT 4579 NA 27 NA NA NA

RETRO 2021; Wang et al. [17] 24 3D-CRT 1.8-2.0; 45-54 PORT 71 T1-T3 34.7 NA NA NA
Non-PORT 71 T1-T3 31.9 NA NA NA

RETRO 2021; Yang et al. [34] 31.5 NA NA PORT 38 T1-T2 52.7 NA 38.7 NA
Non-PORT 142 T1-T2 50.6 NA 16.7 NA

RCT 1980; Van Houtte et al. [11] NA Linac 2.0; 55-60 PORT 83 T1-T3 18 NA NA NA
Non-PORT 92 T1-T3 30.2 NA NA NA

RCT 1996; Debevec et al. [10] NA Linac 2.5-3.0; 30 PORT 35 T1-T3 25 NA NA NA
Non-PORT 39 T1-T3 18 NA NA NA

RCT 1996; Stephens et al. [46] 30 Linac 2.6; 40 PORT 52 T1-T2 17.5 33 NA NA
Non-PORT 54 T1-T2 19 22 NA NA

RCT 1997; Mayer et al. [43] 43 Linac 2.0; 50-60 PORT 23 T1-T3 42 39 NA NA
Non-PORT 26 T1-T3 27 20 NA NA

RCT 2000; Feng et al. [40] NA Linac 2.0-2.5; 50 PORT 61 T1-T4 44.8 NA 46 NA
Non-PORT 44 T1-T4 27.9 NA 37.8 NA

RCT 2007; Perry et al. [44] 18.3 Linac 2.0; 50 PORT 19 NA 43 NA NA NA
Non-PORT 18 NA 30 NA NA NA

RCT 2008; Douillard et al. [39] 43.7 Linac 2.0; 45-60 PORT 116 NA 23.8 NA NA NA
Non-PORT 108 NA 47.4 NA NA NA

RCT 2014; Shen et al. [45] 45 3D-CRT 1.8; 50.4 PORT 66 T1-T3 40 NA 28 NA
Non-PORT 69 T1-T3 28 NA 18 NA

RCT 2017; Sun et al. [47] 57.4 3D-CRT 2.0; 50 PORT 51 T1-T3 74.3 NA 24.7 NA
Non-PORT 50 T1-T3 83.5 NA 21.9 NA

RCT 2021; Hui et al. [41] 46 3D-CRT/IMRT 2.0; 50 PORT 184 T1-T3 84 NA 22.1 NA
Non-PORT 180 T1-T3 76 NA 18.6 NA

RCT 2022; LePechoux et al. [42] 57.6 3D-CRT/IMRT 2.0; 54 PORT 252 NA NA NA 30.5 NA
Non-PORT 249 NA NA NA 22.8 NA

Note: PORT: Postoperative radiotherapy, 3D-CRT: 3-dimensional conformal radiotherapy, IMRT: Intensity-modulated radiotherapy, RT: Radiotherapy, LRFS: Locoregional recurrence free survival, DFS: Disease-
free survival, DMFS: Distant metastases-free survival, RETRO: Retrospective, RCT: Randomized controlled trial.
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Figure 2. Risk of bias graph.
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Figure 3. Pooled HRs for OS. A: Forest plot. B: Funnel plot. Note: HR: Hazard ratio, OS: Overall survival, PORT: Post-
operative radiotherapy.

11, 28, 30, 31, 39, 40, 43, 44, 46] 
(Supplementary Figure 2). There is no signifi-
cant difference in OS between the two groups. 
The HR of 13 studies employing 3D-CRT was 
0.82 [95% CI: 0.72-0.93, P: 0.002] [1, 3, 6, 17, 
21-23, 25, 32, 38, 41, 45, 47] and that of 8 
studies employing IMRT was 0.77 [95% CI: 
0.64-0.91, P: 0.003] [1, 3, 21, 22, 26, 32, 33, 
41] (Figure 5). If heterogeneity was not taken 
into account, similar results ensued. HRs of 
studies employing 3D-CRT [1, 3, 6, 17, 21-23, 
25, 32, 38, 41, 45, 47] and IMRT [1, 3, 21, 22, 
26, 32, 33, 41] were 0.80 [95% CI: 0.67-0.95, 
P: 0.01] and 0.77 [95% CI: 0.64-0.91, P: 0.003], 
respectively (Supplementary Figure 2). All HRs 
favor the PORT group. These results unani-
mously indicate that PORT employing modern 
radiotherapy techniques significantly improves 
OS in patients with N2 NSCLC. Results of stud-
ies employing conventional radiotherapy sug-
gest that PORT does not improve OS.

PORT as chemoradiotherapy significantly im-
proves OS and PORT as radiotherapy does not

Impacts of different PORT regimes on OS were 
analyzed [1, 3, 10, 17, 25, 27, 28, 33-35, 37, 

39-41, 43-47]. Patients underwent complete 
resection followed by concurrent chemoradio-
therapy (PORT as chemoradiotherapy) in 7 tri-
als [1, 3, 33, 35, 37, 45, 47]. The HR, includ- 
ing 505 patients in the PORT group and 784 in 
the non-PORT group, was 0.72 [95% CI: 0.61-
0.85, P: 0.0001]. Patients underwent complete 
resection followed by radiotherapy (PORT as 
radiotherapy) were reported in 12 trials [10, 17, 
25, 27, 28, 34, 39-41, 43, 44, 46]. The HR, 
including 4792 in the PORT group and 5432 in 
the non-PORT group, was 0.98 [95% CI: 0.94-
1.02, P: 0.34] (Figure 6). If heterogeneity was 
not taken into account, the HR of 14 trials  
was 0.91 [95% CI: 0.79-1.05, P: 0.19] 
(Supplementary Figure 3). These data indicate 
that PORT as chemoradiotherapy significantly 
improves OS in patients with N2 NSCLC but 
PORT as radiotherapy does not.

PORT decreases LR

In PORT, the CTV includes the bronchial stump 
and high-risk draining lymph node stations 
because the main purpose of PORT is to cure or 
decrease LR [5]. Impacts of PORT on LR were 
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Figure 4. HR forest plot of OS in patients treated with or without neoadjuvant chemotherapy. Note: HR: Hazard ratio, 
OS: Overall survival, PORT: Postoperative radiotherapy.

analyzed. The RR of 10 retrospective studies, 
including 693 patients in the PORT group and 
1190 in the non-PORT group, was 0.52 [95% 
CI: 0.42-0.63, P<0.00001] [1, 6, 21, 23, 26, 
28, 30-33]. The RR of 9 prospective studies, 
including 655 patients in the PORT group and 
641 in the non-PORT group, was concordant 
with that of the retrospective [11, 39-41, 
43-47]. It was 0.62 [95% CI: 0.50-0.77, P< 
0.00001]. The pooled RR of the combination  
of retrospective and prospective studies was 
0.56 [95% CI: 0.49-0.65, P<0.00001] (Figure 
7). If heterogeneity was not taken into account, 
similar results ensued. RRs of the retrospective 
[1, 6, 21, 23, 26, 28, 30-33], the prospective 
[10, 11, 39-41, 43-47] and the combination 
were 0.53 [95% CI: 0.43-0.66, P<0.00001], 
0.58 [95% CI: 0.49-0.70, P: 0.004] and 0.61 
[95% CI: 0.51-0.71, P<0.00001], respectively 
(Supplementary Figure 4). All RRs’ values were 
close to 0.65. These data unanimously verify 
that PORT significantly decreases LR. The prob-
ability of LR in patients treated with PORT may 
be only about two thirds as that in patients 
without PORT.

PORT employing any radiotherapy techniques 
decreases LR

RRs of LR in patients treated with different 
radiotherapy techniques were analyzed. RRs of 
studies employing conventional radiotherapy 
[10, 11, 28, 30, 31, 39, 40, 43, 44, 46], 3D-CRT 
[1, 6, 21, 23, 32, 41, 45, 47] and IMRT [1, 21, 
26, 32, 33, 41] were 0.61 [95% CI: 0.50-0.75, 
P<0.00001], 0.58 [95% CI: 0.56-0.72, P< 
0.00001] and 0.58 [95% CI: 0.45-0.73, P< 
0.00001], respectively (Figure 8). These data 
unanimously verify that PORT employing any 
radiotherapy techniques decreases LR.

Both PORT as chemoradiotherapy and PORT 
as radiotherapy significantly decrease LR

Impacts of different PORT regimes on LR were 
analyzed [1, 11, 25, 28, 30, 33, 39, 40, 43-47]. 
Patients underwent complete resection fol-
lowed by concurrent chemoradiotherapy (PORT 
as chemoradiotherapy) in 4 trials [1, 33, 45, 
47]. The RR, including 255 patients in the PORT 
group and 339 in the non-PORT group, was 
0.51 [95% CI: 0.38-0.70, P<0.0001]. Patients 
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Figure 5. HR forest plot of OS in patients treated with different radiotherapy techniques. Note: HR: Hazard ratio, 
OS: Overall survival, 3D-CRT: 3-dimensional conformal radiotherapy, IMRT: Intensity-modulated radiotherapy, PORT: 
Postoperative radiotherapy.

underwent complete resection followed by 
radiotherapy (PORT as radiotherapy) were re- 
ported in 9 trials [11, 25, 28, 30, 39, 40, 43, 
44, 46]. The RR, including 671 in the PORT 
group and 704 in the non-PORT group, was 
0.64 [95% CI: 0.53-0.77, P<0.00001] (Figure 
9). If heterogeneity was not taken into account, 
the RR of 10 trials was 0.66 [95% CI: 0.49-
0.89, P: 0.007] (Supplementary Figure 5). 

These data unanimously verify that both PORT 
as chemoradiotherapy and PORT as radiothera-
py significantly decrease LR.

PORT increases DFS

Impacts of PORT on DFS were analyzed. The HR 
of 9 retrospective studies [3, 6, 21, 23, 25, 28, 
32, 34, 38], including 542 patients in the PORT 
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Figure 6. HR forest plot of OS in patients treated with different PORT regimes, concurrent chemoradiotherapy or 
radiotherapy. Note: HR: Hazard ratio, OS: Overall survival, PORT: Postoperative radiotherapy.

group and 1103 in the non-PORT group, was 
0.74 [95% CI: 0.65-0.85, P<0.0001]. The HR of 
5 prospective studies [40-42, 45, 47], includ-
ing 614 patients in the PORT group and 592 in 
the non-PORT group, was 0.81 [95% CI: 0.70-
0.95, P: 0.007]. The pooled HR of the combina-
tion of retrospective and prospective studies 
was 0.77 [95% CI: 0.70-0.85, P<0.00001] 
(Figure 10). These data unanimously verify that 
PORT increases DFS.

PORT employing 3D-CRT or IMRT significantly 
increases DFS and PORT employing conven-
tional radiotherapy does not

HRs of DFS in patients treated with different 
radiotherapy techniques were analyzed. HRs of 
studies employing conventional radiotherapy 
[28, 40], 3D-CRT [3, 6, 21, 23, 25, 32, 38, 41, 
42, 45, 47] and IMRT [3, 21, 32, 41] were 0.80 
[95% CI: 0.54-1.18, P: 0.26], 0.80 [95% CI: 

0.71-0.88, P<0.0001] and 0.78 [95% CI: 0.64-
0.94, P: 0.01], respectively (Figure 11). These 
data indicate that PORT employing modern 
radiotherapy techniques significantly increases 
DFS and PORT employing conventional radio-
therapy does not.

PORT does not improve DMFS

Impacts of PORT on DMFS were also analyzed. 
The HR of 3 retrospective studies [23, 32, 36], 
including 145 patients in the PORT group and 
551 in the non-PORT group, was 0.84 [95% CI: 
0.65-1.08, P: 0.16]. The HR of 2 prospective 
studies [41, 46], including 236 patients in the 
PORT group and 234 in the non-PORT group, 
was 0.90 [95% CI: 0.71-1.13, P: 0.36]. The 
pooled HR of the combination of retrospective 
and prospective studies was 0.87 [95% CI: 
0.73-1.03, P: 0.11] (Figure 12). All HRs was 
lower than 1, but without significance.
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Figure 7. RR forest plot of LR. Note: RR: Relative risk, LR: Locoregional recurrence, PORT: Postoperative radiotherapy.

HRs of DMFS in patients treated with different 
radiotherapy techniques were analyzed. HRs of 
studies employing 3D-CRT [23, 32, 41] and 
IMRT [32, 41] were 0.90 [95% CI: 0.74-1.09, P: 
0.27] and 0.88 [95% CI: 0.70-1.12, P: 0.30], 
respectively (Figure 13). All HRs were lower 
than 1, but without significance. These results 
mean that PORT does not significantly improve 
DMFS in patients with N2 NSCLC.

Discussion

PORT is well accepted as an essential compo-
nent of multidisciplinary treatment for incom-
pletely resected NSCLC. At present, there is no 
cogent evidence to support that PORT benefits 
N0-1 NSCLC patients after complete resection 
[48]. So, PORT may not be necessary and is  
not suggested for completely resected N0-1 
NSCLC. PORT is suggested for completely re- 
sected N2-3 NSCLC. N3 patients should be at 

higher risk than N2 patients. It is well accepted 
that chemoradiotherapy or radiotherapy should 
be given to completely resected N3 NSCLC if 
the patient did not receive it before resection. 
There is a great debate on the role of PORT in 
patients with N2 NSCLC. Large number of stud-
ies reported the efficacy of PORT in N2 NSCLC 
and some results were contradictory.

Nowadays, with technological progress, differ-
ent precise radiotherapy techniques, such as 
3D-CRT and IMRT, have been applied in more 
and more hospitals. Modern radiotherapy tech-
niques allow delivery of high radiation doses to 
the gross tumor, bulky lymph nodes, and high-
risk areas [12, 13]. Dose escalation was report-
ed to be associated with improved OS in NSCLC 
patients [49-51]. Moreover, modern radiothera-
py techniques spare dose and volume of organs 
at risk and that should reduce radiation-induced 
toxicity [50-53]. Adverse effects of radiothera-
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Figure 8. RR forest plot of LR in patients treated with different radiotherapy techniques. Note: RR: Relative risk, LR: 
Locoregional recurrence, 3D-CRT: 3-dimensional conformal radiotherapy, IMRT: Intensity-modulated radiotherapy, 
PORT: Postoperative radiotherapy.

py in patients with NSCLC includes pneumoni-
tis, heart disease, esophagitis, hematologic 
toxicity, gastrointestinal reactions, et al. Ra- 
diation-induced toxicity might shorten survival 
[53-55]. For example, the incidence of symp-
tomatic radiation-induced pneumonitis (RP) 
was reported to be about 20-40% in NSCLC 
patients [53]. RP can cause death directly and 
it may result in a decreased treatment intensifi-
cation, such as interruption of radiotherapy or 
low tolerance of chemotherapy, immunothera-

py and so on. Several studies demonstrated 
that RP was a clearly negative prognostic fa- 
ctor for survival [53-55]. Therefore, different 
radiotherapy techniques might produce differ-
ent efficacies and safety in patients with  
NSCLC and modern radiotherapy techniques 
might increase the efficacy and decrease ad- 
verse effects [14, 15, 52]. Here, data of meta-
analysis evaluating efficacies of different ra- 
diotherapy techniques support that hypoth- 
esis.
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Figure 9. RR forest plot of LR in patients treated with different PORT regimes, concurrent chemoradiotherapy or 
radiotherapy. Note: RR: Relative risk, LR: Locoregional recurrence, PORT: Postoperative radiotherapy.

Figure 10. HR forest plot of DFS. Note: HR: Hazard ratio, DFS: Disease-free survival, PORT: Postoperative radio-
therapy.



A meta-analysis comparing postoperative radiotherapy using different techniques

7029	 Am J Transl Res 2024;16(11):7016-7035

Figure 11. HR forest plot of DFS in patients treated with different radiotherapy techniques. Note: HR: Hazard ratio, 
DFS: Disease-free survival, 3D-CRT: 3-dimensional conformal radiotherapy, IMRT: Intensity-modulated radiotherapy, 
PORT: Postoperative radiotherapy.

Figure 12. HR forest plot of DMFS. Note: HR: Hazard ratio, DMFS: Distant metastases-free survival, PORT: Postop-
erative radiotherapy.
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Our results consolidate LR decrease in patients 
with N2 NSCLC by PORT employing convention-
al radiotherapy, but we did not find solid evi-
dence showing that PORT employing conven-
tional radiotherapy improved OS. The HR of OS 
is about 0.90, but p value is more than 0.05. 
That implies that it favors the PORT group, but 
without significance. One possible explanation 
is that though PORT using conventional radio-
therapy significantly decreases LR, radiation-
induced toxicity might shorten survival and nul-
lify the benefit in OS [53-55].

Our results showed that PORT using 3D-CRT  
or IMRT significantly decreased LR, increased 
DFS and improved OS in patients with N2 
NSCLC. All RRs and HRs are accordant. Those 
unanimously indicate that PORT using modern 
radiotherapy techniques benefits patients. The 
difference in OS between conventional radio-
therapy and modern radiotherapy techniques 
might not be due to the difference in doses 
delivered to CTV and planning target volume 
because conventional radiotherapy and mod-
ern radiotherapy techniques share similar RRs 
of LR. The difference in OS may be partly due to 
dose and volume of organs at risk spared by 
3D-CRT and IMRT that may decrease radiation-
induced toxicity. Radiation-induced toxicity was 
reported to shorten survival and nullify the ben-
efit in OS [53-55].

The efficacy and safety of 3D-CRT or IMRT was 
explored in several studies. Jairam reported 
that the use of IMRT in the setting of PORT for 
local advanced NSCLC was not associated with 
a difference in toxicity compared to 3D-CRT 
[56]. Hsia’s data supported that the survival 
outcome of patients with clinical stage III 
NSCLC treated with IMRT was not superior to 
those treated with 3D-CRT [57]. But Yu believed 
that use of IMRT for PORT among patients with 
incompletely resected NSCLC was associated 
with improved survival compared with 3D-CRT 
[15]. Here, pooled HRs of studies employing 
3D-CRT and IMRT are similar. That supports 
that the use of IMRT for PORT in patients with 
N2 NSCLC may not be superior to 3D-CRT, but 
both IMRT and 3D-CRT may be superior to con-
ventional radiotherapy.

In recent decades, the combination of PORT 
and chemotherapy, concurrent chemoradio-
therapy, tends to yield better results than ra- 
diotherapy in terms of the survival outcomes, 
with acceptable safety profiles of both [58, 59]. 
Among the included studies, a few employed 
concurrent chemoradiotherapy (PORT as che- 
moradiotherapy) and most employed sequen-
tial combination of chemotherapy and radio-
therapy or radiotherapy alone (PORT as radio-
therapy). Data of PORT as radiotherapy showed 
a significant decrease in LR (P<0.00001), but 
no significant increase in OS (P: 0.34). PORT as 

Figure 13. HR forest plot of DMFS in patients treated with different radiotherapy techniques. Note: HR: Hazard ratio, 
DMFS: Distant metastases-free survival, 3D-CRT: 3-dimensional conformal radiotherapy, IMRT: Intensity-modulated 
radiotherapy, PORT: Postoperative radiotherapy.
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chemoradiotherapy significantly improves both 
LR and OS in patients with N2 NSCLC. Those 
findings are concordant with that chemoradio-
therapy tends to yield better results than radio-
therapy in terms of the survival outcomes [58, 
59]. Patients with N2 NSCLC can be treated 
with neoadjuvant chemotherapy. Patients were 
treated without neoadjuvant chemotherapy in a 
majority of included studies. There are few data 
to analyze LR. Results of meta-analysis denotes 
that PORT significantly improves OS in patients 
without neoadjuvant chemotherapy (P: 0.0003), 
but does not improve OS in patients treated 
with neoadjuvant chemotherapy (P: 0.18). It is 
not rare that NSCLC patients were diagnosed 
as N1 or N0 stage before surgery while their 
surgical specimens proved that they were N2 or 
N3 stage. Those patients were usually treated 
without neoadjuvant chemotherapy. Our data 
indicate that those patients should be benefit-
ed by PORT.

Results of retrospective studies and prospec-
tive studies were not always concordant. Meta-
analysis of both retrospective studies and pro-
spective studies concordantly indicated that 
PORT significantly decreased LR and improved 
DFS. However, meta-analysis of retrospective 
studies indicated that PORT significantly im- 
proved OS while the HR for OS of prospective 
studies favored the PORT group, but without 
significance. Several factors might be involved. 
First, radiotherapy techniques. Two thirds (6/9, 
Figure 3) of prospective studies were published 
before 2010. At that time, conventional radio-
therapy technique was popular. More than 
three fourths (21/27, Figure 3) of retrospective 
studies were published after 2015. Modern 
precise radiotherapy techniques have begun  
to gradually spread worldwide in the past 2 
decades and are becoming the standard radio-
therapy technique for the treatment of NSCLC 
in the past decade. Accumulating evidences 
and data here demonstrate that modern radio-
therapy techniques are superior to the conven-
tional radiotherapy technique in terms of the 
survival outcomes [14, 15, 52]. Second, PORT 
regimes. More than three fourths (21/27, 
Figure 3) of retrospective studies were pub-
lished after 2015. Concurrent chemoradiother-
apy becomes the first-line radiotherapy regime 
for NSCLC patients in the past decade. So, 
many patients may be treated with concurrent 
chemoradiotherapy in retrospective studies. 

Accumulating evidences and data here support 
that concurrent chemoradiotherapy may be 
superior to sequential combination of chemo-
therapy and radiotherapy or radiotherapy alone 
[1, 38, 47]. Third, patients’ selection. The main 
purpose of PORT is to cure or decrease LR [5]. 
PORT may benefit patients at high risk of LR, 
but might not benefit patients at low risk or 
might benefit those patients a little. Lymph 
node status is a prognostic variable in LR and 
OS [60, 61]. Unfortunately, only a few studies 
intensively explored the role of node status in 
PORT [60, 61]. Wang et al. reported that PORT 
did not improve OS or lung cancer-specific sur-
vival in patients with metastasis in no more 
than 3 lymph nodes while significantly improved 
OS and lung cancer-specific survival in patients 
with metastasis in 4 or more lymph nodes [60]. 
Yuan et al. reported that PORT did not improve 
OS in patients with metastasis in no more than 
4 lymph nodes but had a trend to improve OS in 
patients with metastasis in 5 or more lymph 
nodes (P=0.074) [61]. Extranodal extension, 
T-stages and tumor histology are prognostic 
variables in LR and OS, too [2, 9, 12]. 
Unfortunately, to our knowledge, few clinic tri-
als intensively explored the impact of PORT in 
patients with or without extranodal extension, 
and fewer trials intensively explored in patients 
with different T-stages. Other factors should  
be involved in the difference in pooled HRs 
between retrospective studies and prospective 
studies but few clinic trials explored those 
factors.

Besides inherent limitations of individual trials, 
there are limitations to our analyses. First, 
treatment modalities vary considerably among 
different clinic trials, even in the same trial. 
Some patients received neoadjuvant chemo-
therapy, some did not. Some received chemo-
radiotherapy, some received radiotherapy al- 
one. Some received immunotherapy, some re- 
ceived targeted therapy. Different radiotherapy 
techniques were used, sometimes even in one 
clinic trial. Different types of surgical resection 
were performed in one clinic trial and that hap-
pened in most of included studies. These varia-
tions make a great risk of bias in the implemen-
tation of the meta-analysis. Second, patients 
with different histological types of lung cancer, 
different T-stages, and different lymph node 
status were included. Different patients had 
different risks of LR and PORT might benefit 
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patients at different risks differently. Those 
confounders affect the efficacy of PORT more 
or less. Third, the sample size in each trial was 
small. Most of them were about 100. Con- 
sequently, confidence levels were very wide 
and there was a great variability. Fourth, some 
database, such as Web of Science, were not 
included in the databases searched because 
we do not have access.

Conclusion

PORT using 3D-CRT or IMRT benefits patients 
with N2 NSCLC in terms of LR, DFS and OS. 
PORT using conventional radiotherapy signifi-
cantly decreases LR while it does not increase 
OS. PORT improves OS in patients without neo-
adjuvant chemotherapy, but does not improve 
OS in patients treated with neoadjuvant che-
motherapy. Because a number of confounders, 
such as radiotherapy techniques, treatment 
modalities, lymph node status, T-stages, et al., 
affect the efficacy of PORT, studies with homo-
geneous samples, large sample sizes, fixed pro-
tocol are warranted to identify the efficacy of 
PORT in patients with NSCLC.
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Supplementary Figure 1. Pooled HRs for OS, regardless of heterogeneity. A: Forest plot. B: Funnel plot. Note: HR: 
Hazard ratio, OS: Overall survival, PORT: Postoperative radiotherapy.

Supplementary Figure 2. HR forest plot of OS in patients treated with different radiotherapy techniques, regardless 
of heterogeneity. Note: HR: Hazard ratio, OS: Overall survival, 3D-CRT: 3-dimensional conformal radiotherapy, IMRT: 
Intensity-modulated radiotherapy, PORT: Postoperative radiotherapy.
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Supplementary Figure 3. HR forest plot of OS in patients treated with concurrent chemoradiotherapy or radio-
therapy, regardless of heterogeneity. Note: HR: Hazard ratio, OS: Overall survival, PORT: Postoperative radiotherapy.
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Supplementary Figure 4. RR forest plot of LR, regardless of heterogeneity. Note: RR: Relative risk, LR: Locoregional 
recurrence, PORT: Postoperative radiotherapy.



A meta-analysis comparing postoperative radiotherapy using different techniques

5	

Supplementary Figure 5. RR forest plot of LR in patients treated with concurrent chemoradiotherapy or radiotherapy, 
regardless of heterogeneity. Note: RR: Relative risk, LR: Locoregional recurrence, PORT: Postoperative radiotherapy.


