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Background: Whether postoperative radiotherapy (PORT) is effective for reducing the 

recurrence risk in patients who received complete resection of the stage II or III thymic tumors 

has not been determined. A meta-analysis was performed by combining the results of all avail-

able controlled trials.

Methods: PubMed, Cochrane’s Library, and the Embase databases were searched for studies 

which compared the recurrence data for patients with complete resection of the stage II or III 

thymic tumors assigned to an observing group, or a PORT group. A random effect model was 

applied to combine the results.

Results: Nineteen studies, all designed as retrospective cohort studies were included. These 

studies included 663 patients of PORT group and 617 patients of observing group. The recurrence 

rate for the patients in PORT group and observing group were 12.4% and 11.5%, respectively. 

Results of our study indicated that PORT has no significant influence on recurrent risk in patients 

with stage II or III thymic tumor after complete resection (odds ratio 1.02, 95% confidence 

interval 0.55–1.90, P=0.96). When stratified by stages, our meta-analyses did not indicate any 

significant effects of PORT on recurrent outcomes in either the stage II or the stage III patients. 

Moreover, subsequent analysis limited to studies only including patients with thymoma or thymic 

carcinoma also did not support the benefits of PORT on recurrent outcomes.

Conclusion: Although derived from retrospective cohort studies, current evidence did not 

support any benefit of PORT on recurrent risk in patients with complete resection of the stage II 

or III thymic tumors.
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Background
Although the thymic tumors are rare clinically, they are the most common tumor of 

the anterior mediastinum.1–3 The treatment strategies to the thymic tumor are generally 

determined based on the stages of the tumor.2,4 The most accepted staging method 

for thymic tumor is the Masaoka stage system, which was proposed in 1981.5 This 

staging system takes account of the factors regarding both the local extension and the 

histologic characteristics of the tumors.4,6 Typically, stage I thymic tumor refers to 

the encapsulated lesions, and the complete resection to the patients with the stage I 

tumor is generally recommended, with rare postprocedure recurrence. A stage IV 

thymic tumor refers to the lymphogenous or hematogenous metastases of the tumor, 

and multimodality therapy including surgery, radiotherapy, and chemotherapy is 

recommended. If the tumor invades through the capsule and extend into the surrounding 

fat tissue within the mediastinum, either grossly or microscopically, it could be 
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classified as stage II tumors. If the tumor has invaded into 

the neighboring organs, for example, pericardium, great 

vessels, and lung tissues, a stage III thymic tumor should 

be defined. Although complete resection of the tumor is 

preferred for patients with stage II or III thymic tumor, the 

recurrent risk even for these patients who received complete 

resection of the tumors is higher than for those with stage I 

tumors.7 In view of the relatively higher recurrence of the 

stage II or III thymic tumor after complete resection, as 

well as the sensitivity of the tumors to the radiotherapy,8 

a postoperative radiotherapy (PORT) has been proposed 

as a preventative measure for the recurrence of the thymic 

tumors by early reports of case series and cohort studies.3,9 

However, evidence for the effect of PORT on the recurrent 

risk in patients who have received the complete resection of 

stage II or III thymic tumor is generally derived from small 

retrospective studies. Moreover, the results of these studies 

were inconsistent.10–28 Inadequate statistical power may be 

one of the potential reasons underlying the negative results of 

the previous studies. Therefore, the aim of the current study 

was to combine the previously published data by performing 

a meta-analysis, which may likely demonstrate a significant 

effect of PORT on the recurrent outcomes in patients with 

complete resection of stage II or III thymic tumors.

Methods
We followed the Meta-Analysis of Observational Studies 

in Epidemiology protocol29 and Cochrane Handbook 

guidelines30 throughout the design, implementation, analysis, 

and reporting of this study.

literature searching
PubMed, Embase, and Cochrane’s Library databases were 

searched for relevant studies, using the terms “thymic”, 

“thymus”, “thymoma”, in combination with “radiotherapy”, 

“radiation” and “adjuvant”, “postoperative”. Moreover, 

titles of abstracts from the websites of American Society of 

Clinical Oncology and the American Association of Thoracic 

Surgery were searched for the word “thymoma” to further 

include potential literature. We also analyzed the reference 

lists of original and review articles using a manual approach. 

The searching process was limited to studies in humans with-

out restriction to publication languages. The final literature 

search was performed on July 5, 2015.

study selection
Studies were included for analysis if they met the following 

criteria: 1) published as full-length article or abstract in any 

language; 2) reported as randomized or nonrandomized 

controlled studies (eg, cohort studies) in humans (regardless 

of sample size and follow-up duration); 3) included patients 

with stage II or III thymic tumors, in combination or sepa-

rately, who received complete resection of the tumor and were 

assigned to the surgical procedure only (observing group), or 

surgical procedure with adjuvant (postoperative) radiotherapy 

(PORT group); and 4) documented the recurrent outcomes of 

the tumor (local, regional, or distant or in combination) during 

the follow-up, as the incidence or the number of the recurrent 

events in both the observing and the PORT groups.

Studies were excluded from the current meta-analysis 

if they met either one of the following criteria, even after 

the further clarification with the correspondence from the 

authors: 1) the Masaoka stage was not explicitly stated from 

the original articles; 2) data regarding the recurrent outcome 

in patients with complete resection of the tumor were not 

available; 3) the postoperative interventions were confounded 

by other treatment strategies, for example, chemotherapy; 

or 4) case reports or case series only included patients with 

complete resection and PORT, without the inclusion of con-

trols (patients with complete resection and no PORT).

Data extraction and quality assessment
Two authors independently performed the literature search-

ing, data extraction, and quality assessment according to the 

inclusion criteria. Discrepancies were resolved by discussion 

and consensus. The extracted data include: 1) the first authors 

and the publication years of the studies; 2) the baseline char-

acteristics of the patients, including the mean ages and the 

sex distributions; 3) the number of patients with complete 

resection of stage II or III thymic tumors; 4) the total doses 

of the PORT therapy; 5) the ranges of the follow-up durations 

in each study; 6) the World Health Organization (WHO) his-

tologic type of the thymic tumors;31 and 7) the incidence or 

the number of the recurrent events in both the observing and 

the PORT groups. We also tried to collect the survival data 

during the data extraction process. If available, a quantitative 

evaluation of the influence of PORT on survival outcomes 

in patients with stage II or III thymic tumor after complete 

resection would be performed.

The quality of the nonrandomized controlled trials were 

evaluated using the Newcastle–Ottawa Scale.32 This scale 

ranges from 1 to 9 stars and judges each study on three broad 

categories: selection of the study groups, the comparability of 

the groups, and the ascertainment of the outcome of interest.

statistical analysis and data synthesis
Summary or individual data regarding the incidences or 

the numbers of patients with the recurrent events in both 
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the observing and the PORT groups were used for the 

meta-analysis. We followed the previously published meta-

analysis of the same topic33 to define and calculate the 

recurrence rate for the patients in the PORT group and in the 

observing group. Recurrence was defined as any recurrence 

according to the included studies, including local, regional, or 

distant. Recurrence rate was calculated as the ratio between 

the number of patients with recurrence and the total number 

of patients observed in each group. Odds ratio (OR) was 

then calculated using data from all eligible studies. The 

pooling of the data was performed for patients with either 

stage II or III thymic tumors, as well as for the patients with 

stage II and III separately. The Cochrane’s Q test30 and 

I2 test34 were used to assess heterogeneity among studies. 

We used a random effect model to obtain a pooled estimate 

of effect, since the considerable clinical heterogeneity has 

been noted during the data extraction process. Sensitivity 

analyses35 were conducted to evaluate the robustness of our 

results. We removed each study individually to evaluate that 

study’s effect on the summary estimates. Publication bias was 

evaluated by visually inspecting funnel plots for asymmetry.36 

RevMan (Version 5.1; Cochrane Collaboration, Oxford, UK) 

and STATA software (Version 12.0; StataCorp LP, College 

Station, TX, USA) were used for the meta-analysis.

Results
search results
The study selection process is shown in Figure 1. Overall, 

the database searching identified 566 citations, of which 

19 studies,10–28 all designed as retrospective cohort studies, 

with 1,280 patients with stage II or III thymic tumor who 

received total resection, were included in the current meta-

analysis. No randomized controlled trials were identified 

during the database searching process. The reasons for 

the exclusion of the 38 potentially relevant studies are 

listed in Figure 1.

Figure 1 search and selection of studies included in the meta-analysis.
Abbreviation: POrT, postoperative radiotherapy.
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study characteristics
The characteristics of the included studies are included in 

Table 1. Overall, 19 studies with 663 patients with stage II or III 

thymic tumor assigned to the PORT group, and 617 patients 

assigned to the observing group were included. These stud-

ies were performed in Americans, Europeans, and Asians.  

Since most of the studies were presented as the retrospective 

review of the cases of the thymic tumor in different institu-

tions, and the characteristics of the study population were 

summarized targeting the overall included cases (not limited 

to only stage II or III populations), most of the baseline 

characteristics (eg, age, sex) of the stage II or III patients for 

the included studies were unable to be extracted. Moreover, 

most of other general characteristics (eg, total dose of PORT, 

follow-up duration) were listed as ranges in the original 

literature, which prevented further quantitative analysis. Only 

two21,23 of the included studies provided data regarding the 

WHO histologic type of the thymic tumors. However, none of 

these studies evaluated the influence of histologic type on the 

effects of PORT in patients with complete resection of stage II 

or III thymic tumors. Briefly, we analyzed data regarding 

the histologic characteristics of the included studies accord-

ing to whether they included only patients with thymoma, 

thymic carcinoma, or mixed type since thymic carcinoma 

has been considered to be more malignant biologically.31 

It was shown that eight studies included patients with thy-

moma only,12,14,16,18,21–23,25 one included patients with thymic 

carcinoma only,28 eight with patients of both the histologic 

types,13,15,17,19,20,24,26,27 while the other two did not provide data 

regarding thymoma or thymic carcinoma.10,11

Quality assessment
The quality scores of studies included in the meta-analysis 

are listed in Table 1. The overall quality of the included 

studies varied, with only two studies scoring nine stars on 

the Newcastle–Ottawa scale.21,26 The other included studies 

did not provide information regarding whether they matched 

the baseline characteristics of the patients assigned to the 

PORT and the observing groups.

effects of POrT on recurrent risk in 
patients with stage ii and iii thymic tumor 
after complete resection of the tumors
Overall, this meta-analysis included 663 patients with 

stage II or III thymic tumor assigned to the PORT group, 

and 617 patients assigned to the observing group. The recur-

rence rate for the patients in the PORT group was 12.4%, 

while the rate for those in the observing group was 11.5%. 

By pooling the results of the 19 studies, results of our meta-

analysis with a random effect model indicated that PORT 

has no significant influence on recurrent risk in patients with 

stage II or III thymic tumor after complete resection of the 

tumors (OR 1.02, 95% confidence interval [CI] 0.55–1.90, 

P=0.96; Figure 2), and a moderate significant heterogeneity 

was detected (P=0.004, I2=53%). Subsequent analysis accord-

ing to the stages of the tumor revealed that the recurrence 

rates for stage II patients in the PORT and observing groups 

were 7.9% and 9.5%, respectively, while the recurrent rates 

for those with stage III patients were 22.5% and 20.4%, 

respectively. Similarly, when stratified by ages, results of 

the meta-analyses did not indicate any significant effects of 

PORT on recurrent outcomes in either the stage II (16 studies 

with 836 patients, OR 1.04, 95% CI 0.54–2.01, P=0.91; 

Figure 3) or the stage III patients (ten studies with 369 

patients, OR 1.04, 95% CI 0.41–2.65, P=0.93; Figure 4).

sensitivity analysis
Results of sensitivity analysis by omitting one study at a time 

did not substantially change the overall results (P all .0.05) 

for meta-analyses for patients with stage II or III in combina-

tion, or stage II and III separately.

effects of POrT on recurrent risk in 
patients with stage ii or iii thymic tumor 
according to the histologic characteristics
By pooling the data of studies which only included patients 

with thymoma, we found that PORT has no significant 

influence on recurrent risk in patients with stage II or III 

thymoma after complete resection of the tumors (OR 1.34, 

95% CI 0.71–2.53, P=0.37; Figure 5A). Specifically, PORT 

has no significant influence on recurrent risk in patients with 

stage II (OR 1.09, 95% CI 0.53–2.25, P=0.80; Figure 5B) 

or stage III thymoma (OR 1.40, 95% CI 0.42–4.68, P=0.58; 

Figure 5C). Only one study included patients with stage II 

thymic carcinoma, the PORT remains lack of benefit on 

recurrence risk in these patients (OR 0.70, 95% CI 0.08–

6.22, P=0.70).

Publication bias
The funnel plot for the pooled analysis in patients with 

stage II or III thymic tumor after complete resection is shown 

in Figure 6. The plot was symmetrical on visual inspection, 

indicating a low probability of significant publication bias. 

Consistently, the results of the Egger’s regression test also 

indicated that the publication bias is not significant in this 

case (Egger’s test, P=0.21).
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Figure 2 Forest plot for the meta-analysis of the effect of POrT on recurrent risk in patients with stage ii or iii thymic tumor after complete resection of the tumors.
Note: The size of each square is proportional to the study’s weight (inverse of variance [iV]).
Abbreviations: CI, confidence interval; PORT, postoperative radiotherapy.

τ χ

Figure 3 Forest plot for the meta-analysis of the effect of POrT on recurrent risk in patients with stage ii thymic tumor after complete resection of the tumors.
Note: The size of each square is proportional to the study’s weight (inverse of variance [iV]).
Abbreviations: CI, confidence interval; IV, inverse of variance; PORT, postoperative radiotherapy.

τ χ

effects of POrT on survival in patients 
with stage ii and iii thymic tumor after 
complete resection of the tumors
Although 16 studies10,12,15,17,19,21,23–28,37–40 performed a statistical 

analysis regarding the influence of PORT on survival outcomes 

in patients with stage II and III thymic tumor after complete 

resection, meta-analysis aiming to quantitatively evaluate the 

survival outcome by pooling the data from these 16 studies 

was impossible because individual survival data were infre-

quently listed, and the statistical strategies applied in these 

studies varied significantly. Most of these studies did not find 

significant effects of PORT on survival in these patients, while 

two found a beneficial effect of PORT on survival24,40 and one 

found a potential harmful effect on survival outcomes.15
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Figure 4 Forest plot for the meta-analysis of the effect of POrT on recurrent risk in patients with stage iii thymic tumor after complete resection of the tumors.
Note: The size of each square is proportional to the study’s weight (inverse of variance [iV]).
Abbreviations: CI, confidence interval; IV, inverse of variance; PORT, postoperative radiotherapy.

τ χ

Figure 5 Forest plot for the meta-analysis of the effect of POrT on recurrent risk in patients with thymoma.
Notes: (A) Patients with stage ii or iii thymoma, (B) patients with stage ii thymoma, and (C) patients with stage iii thymoma. The size of each square is proportional to the 
study’s weight (inverse of variance [iV]).
Abbreviations: CI, confidence interval; IV, inverse of variance; PORT, postoperative radiotherapy.

τ χ

τ χ

τ χ
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Discussion
The major findings of our meta-analysis include the follow-

ing: First, there is at present no high-quality prospective 

data regarding the impact of PORT in patients with stage II 

or III thymic tumors who received complete resection of 

the tumors. More importantly, by combing 19 available ret-

rospective cohort studies, current evidence did not support 

any beneficial effects of PORT on recurrent outcomes in 

these patients. The results were consistent for patients with 

stage II or III thymic tumors after complete resection. Second, 

subsequent analysis limited to studies only including patients 

with thymoma or thymic carcinoma also did not support 

the benefits of PORT on recurrent outcomes. Finally, the 

significant heterogeneity in statistical analytic methods and 

clinical settings prevented a possible quantitative evaluation 

of PORT on survival data in these patients.

Although a previously published meta-analysis33 regard-

ing the same topic has made effort to overcome the potential 

shortcomings in the lack of statistical power for the small-

scale studies, and the results of our current meta-analysis 

were consistent with the previous ones, our study was neces-

sary as 5 years have been passed since the last meta-analysis, 

and many cohort studies included in this meta-analysis were 

not included in the previous study. Indeed, our meta-analysis 

included 1,280 patients with stage II or III thymic tumor after 

complete resection, while the previous one only included less 

than half of ours (592 patients).33 However, results of our 

study also indicated that no significant influence of PORT 

on recurrent risk in patients with stage II or III thymic tumor 

after complete resection could be retrieved in this stage. 

The potential reasons for the lack of benefits of PORT on 

recurrent risk in these patients may include the following: 

First, studies regarding the recurrent pattern of patients with 

stage II or III thymic tumors after total resection showed 

that the most commonly detected recurrent sites were lungs, 

pleura, and diaphragm rather than the neighboring organs 

like pericardium or large vessels in the mediastinum.17,19,21,25 

Therefore, localized PORT targeting the tissues and organs 

in the diaphragm may be of little effect for the prevention 

of the recurrence of the tumor in the chest. Moreover, the 

PORT was not without any adverse effect. In fact, the risks 

for the development of secondary malignancies41 and car-

diovascular diseases42,43 have been well reported for patients 

receiving radiotherapy, which may adversely affect the clini-

cal outcomes for patients assigned to PORT after complete 

resection of the tumors. Finally, since determination of 

stage III patients was made by surgeons during the surgery 

process, it has been proposed that sometimes it was difficult 

to accurately distinguish whether a complete resection is 

really complete. The subjective nature of the determina-

tion of stage III patients,5 as well as the subjective decision 

of the determination of PORT therapy in the retrospective 

cohort study by the surgeons may lead to the assignment of 

high-risk patients to the PORT group, which may further 

attenuate the potential beneficial effects of PORT on the 

clinical outcomes.

It has to be mentioned that our meta-analysis was based 

on the results of small-scale retrospective studies, and 

the quality of the included studies varies. One important 

implication of our study to the future is that, a high-quality 

prospective study, preferably a randomized controlled trial 

is needed to confirm our findings. However, it seemed to be 

difficult to be achieved because the incidence of the thymic 

tumor is very low. Furthermore, for studies evaluating the 

recurrence outcome with different observational periods, the 

optimal measure of effect should be hazard ratios (HRs). 

However, for our meta-analysis, since the recurrent data 

from most of the studies were extracted based on a propor-

tion of the observed cohorts, which were seldom reported 

in HRs or analyzed based on the Kaplan–Meier curves, 

HRs could not be extracted directly or estimated based on 

methods by Tierney et al.44 Therefore, to avoid further loss 

of the information, we applied OR as the measure of effect 

in reference of a previously published meta-analysis of 

the same topic.33 Also, most of the included studies were 

designed as a retrospective review of the whole thymic 

tumor case series of their institution instead of a study 

exclusively on the patients with stage II or III thymic 

tumor after complete resection. Therefore, the baseline 

Figure 6 Funnel plots for the meta-analysis of the effect of POrT on recurrent risk 
in patients with stage ii or iii thymic tumor after complete resection of the tumors.
Abbreviations: Or, odds ratio; POrT, postoperative radiotherapy; se, standard 
error.
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characteristics, and the follow-up data for this subgroup of 

patients were difficult to be extracted, which further pre-

vented the quantitative evaluation of these characteristics 

on the clinical outcomes. Indeed, there has been report that 

the histologic feature of the tumor may influence the effects 

of PORT on clinical outcomes in patients with stage II or 

III thymic tumor.45 However, our study could not systemati-

cally evaluate the influence of the histologic characteristics 

of the tumor because only two21,23 of the included studies 

provided data regarding the WHO histologic type of the 

thymic tumors, and neither of these studies evaluated the 

influence of histologic type on the effects of PORT in these 

patients. In addition, we did not mention the type of PORT 

methods except for the fact that the total dose of PORT has 

been extracted. This is because protocols and regimens of 

PORT strategies were heterogeneous among the included 

studies, which made extraction and comparison difficult. We 

acknowledged that the differences of the protocols for PORT 

among the included studies may confer different influence 

on recurrent outcome. And the effect of new technique, 

such as intensity-modulated radiotherapy,9 on the recurrent 

outcome in patients with stage II/III thymic tumor after 

complete resection was not observed in the included studies. 

Moreover, studies are warranted to evaluate whether other 

postoperative treatment strategies, such as proton therapy, 

is effective to reduce the risk of recurrence in patients with 

stage II or III thymic tumor after complete resection, since 

this postoperative treatment has been considered safer than 

PORT.46 Finally, other potential limitations inherited to the 

meta-analysis of observational studies, such as consider-

able heterogeneity among the included studies, relative 

small numbers of patients included in each study, and lack 

of adjustment of potential confounding factors, should be 

considered when interpreting the results.

Conclusion
In conclusion, although derived from retrospective cohort 

studies, current evidence did not support any benefit of PORT 

on recurrent risk in patients with complete resection of the 

stage II or III thymic tumors. High-quality prospective studies 

are needed to further confirm our findings.
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