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Abstract

Objectives

No consensus was reached on the efficacy of postoperative radiotherapy (PORT)

in locally invasive thymomas because of the rarity of the thymic epithelial and the varia-
tions of study results. Therefore, we aimed to explore the efficacy of PORT in locally inva-
sive thymomas using the Surveillance, Epidemiology, and End Results (SEER)
database.

Methods

Patients diagnosed with thymomas from 2004 to 2016 were identified using the SEER data-
base. Prognostic factors of cancer-specific survival (CSS) and overall survival (OS) were
identified using univariate and multivariate Cox regression analyses.Propensity score
matching (PSM) was performed to balance the baseline characteristics.

Results

A total of 700 eligible patients were identified. After PSM, 262 paired patients were selected
from the two groups, those who received or did not receive PORT. Receiving PORT
improved CSS and OS before and after PSM. In the matched population, the multivariate
analyses showed that tumour invasion into adjacent organs/structures and non-utilisation of
PORT were independent poor prognostic factors for CSS, whereas age >62 years,tumour
invasion into adjacent organs/structures, and non-utilisation of PORT were independently
associated with poorer OS. The subgroup analysis revealed that PORT improved CSS and
OS in Masaoka-Koga stage Il thymoma, but showed no OS benefit in Masaoka-Koga stage
[IB thymoma.
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Conclusion

Based on the SEER database, we found that PORT provides a significant survival benefit in
Masaoka-Koga stage 1l thymoma with complete or incomplete resection. The role of PORT
in thymoma requires further evaluation.

Introduction

Thymoma is the most common tumour of the anterior mediastinum [1]. Its prevalence rela-
tively low, with approximately 1.5 cases per million people in the United States [1]. The sur-
vival outcome of thymoma is largely dependent on the cancer stage, with 5-year overall
survival (OS) ranging between 25% and 100% [2-5]. The Masaoka staging system, which was
proposed in 1981, was considered to be a suitable predictor of prognosis in thymoma [6]; fur-
thermore, Koga et al. introduced a modified Masaoka staging system of thymoma, and accord-
ing to the Koga modifications stage II means invasion beyond the capsule [7].

Surgical resection is the mainstay treatment, and the extent of resection was proven to be
an independent prognostic factor [8, 9]. The involvement of surrounding vital structures
makes it difficult to have a complete resection, particularly for advanced-stage disease [10, 11].
Thus, postoperative radiotherapy (PORT) is often utilised in thymomas after incompletely
resection to enhance tumour control [12, 13].

To date, the efficacy of PORT in thymoma remains unclear, and the utilisation of PORT is
still left to the discretion of the attending surgeon or physician. Considering long-term sur-
vival, patients with stage I thymoma are not recommended to receive PORT [2, 14]. In stage II
or IIT thymomas, therapeutic indications for PORT are still difficult to ascertain, and adjuvant
radiation is frequently suggested in incompletely resected tumours [10, 13]. Some reports
found no survival benefits in undergoing PORT after complete resection in early-stage thymo-
mas [14-16], however, excellent tumour control has been observed with the use of PORT in
some studies [10, 17]. Considering the limitations of the small retrospective studies, the role of
PORT in stage I and III thymomas remains controversial.

Several studies have addressed the survival benefits of PORT using the Surveillance, Epide-
miology, and End Results (SEER) database [18-21]. These population-based studies observed
a significant difference in prognosis in favour of PORT, whereas it was not an independent
predictor for survival. A recent meta-analysis including 4,746 patients reccommended PORT
for patients with stage II/IIT thymoma [22]. Indeed, some large international databases had
been used to explore the efficacy of PORT. Analyses of the International Thymic Malignancies
Interest Group Database by Rimner et al. [23] and the National Cancer Database by Jackson
et al. [24] showed a significant survival benefit of PORT in stage II or III thymomas. In con-
trast, using the Japanese Association for Research on the Thymus database, Omasa et al found
no survival benefit for PORT in these patients [25].

Our study aimed to evaluate the clinical implications of PORT in stages IIB and III thymo-
mas using the SEER database. Patients with stage I disease were excluded for their excellent
outcome and the limited benefit of PORT. Patients with stage IV disease were also excluded
because many studies had showed a significant benefit of PORT in stage IV thymomas. Stage
ITA was indistinguishable from stage I because the data on microscopic capsular invasion is
not available in the SEER database. Therefore, in this study, we defined ‘locally invasive’ thy-
momas as the Masaoka stages IIB and III based on the SEER registry. We aimed to explore the
efficacy of PORT in locally invasive thymomas using propensity score matching (PSM) of the
SEER database.
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Materials and methods
Ethics statement

This study was based on the SEER 18-Registry databases (1973-2015 data set), tracking nearly
28% of people in the United States. The SEER data are publicly available and do not require
patient informed consent; therefore, institutional review approval was not required for our
study. We extracted the dataset with the reference number 13027-Nov2018.

Patients selection

Primary cancer site and histology were identified using the International Classification of Disease
for Oncology, third edition (ICD-O-3) of 8580, 8581, 8582, 8583, 8584, and 8585.A flowchart of
patient selection is shown in Fig 1. The eligibility criteria were as follows: 1) diagnosis from 2004
to 2016, 2) patient aged >18 years, 3) survival duration >3 months, and 4) patients who under-
went primary surgical resection with a postoperative status. The types of cancer-directed surgery
in SEER included simple or partial resection, total resection, surgery stated to be ‘debulking’, and
radical surgery. Simple or partial resection and total resection were identified according to the
degree of macroscopic surgical removal. The radical resection was coded as partial or total

Thymomas patients age =18 years
from SEER database
(2004 to 2016, n=3688)

No pathologically confirmation (n=75)
No ‘adjacent connective tissue’(IIBstage) or ‘adjacent
organs or structures in the mediastinum’ (IIIstage)

(n=1983)

n=1630
Not surgery (n=425)
Not postoperative radiotherapy (n=500)

n=705
Survival less than 3 months or unknown (n=5)

n=700

Fig 1.
https://doi.org/10.1371/journal.pone.0283192.9001
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removal of the primary site with an en bloc resection of other organs. Other information obtained
from the database included sex, race, marital status, WHO classification, lymph node status, sur-
vival duration, and vital status. Data regarding margin status and chemotherapy used were not
reported in the public-access SEER registry and therefore were not analysed in the study. The
Masaoka-Koga classification was not clearly described in the SEER program, and we obtained
patients’ Masaoka stage information from the variables of primary tumour extension, SEER his-
toric stage, and lymph node status. The code ‘localized or organ-confined” was in accordance with
stage I/IIA, ‘adjacent connective tissue’ with stage IIB, and ‘adjacent organs or structures in the
mediastinum’ with stage ITI. However, stage ITA could not be distinguished from stage I because
the SEER database does not provide information about microscopic capsular invasion.

Variable

The PSM model was based upon age, gender, race, marital status, adjacent connective tissue,
lymph node status, extent of surgery, survival months, vital status, and cancer-specific death.

Statistical analysis

All statistical analyses were performed using SPSS Statistics (version 22.0; IBM Corp). The
Kaplan-Meier method and the log-rank test were used to compare OS and cancer-specific sur-
vival (CSS) in patients with or without PORT. The chi-square test was used to analyse the dif-
ferences in covariates between the PORT and non-PORT groups. Using the Cox proportional
hazards model, multivariate analysis was performed to identify the risk factors for OS and CSS
in the matched population. To balance the baseline characteristics between the two groups,
PSM was performed. Considering the variables of age, sex, race, marital status, lymph node
status, primary tumour extent, and extent of surgery, the score was calculated using a logistic
regression model. A 1:1 ratio matching between the two groups was performed to maximise
the propensity score match based on the nearest neighbour method. For all tests, two-sided P-
values <0.05 were considered as statistically significant.

Results
Baseline patient characteristics

From 2004 to 2016, a total of 700 patients diagnosed with thymoma were identified. The
demographic and clinicopathological characteristicsare showed in Table 1. The median age
was 54 years (19-88 years), with 349 (49.9%) men and 351 (50.1%) women. There were 293
(41.9%) patients with primary tumour invasion into the adjacent connective tissue and 407
(58.1%) with adjacent organs or structures invasion. The WHO classification type B3 had been
proven to be a negative prognostic factor in the multivariate analysis [15] and there were 162
(23.2%) patients with type B3 in our study. A total of 189 (27.0%) patients were treated with
radical surgery, 316 (45.1%) with total resection, 174 (24.9%) with simple or partial resection,
and 21 (3.0%) with debulking surgery. A total of 420 patients received PORT.

Survival before PSM

In the entire cohort, the 5 and 10-year CSS rates were 92.3% and 84.6%, respectively, and the 5
and 10-year OS rates were 82.1% and 63.9%, respectively. Survival outcomes for those who
underwent PORT and those who did not are presented in Fig 2. There were statistically signifi-
cant differences in CSS (P < 0.001) and OS (P = 0.001) in favour of the PORT group. The
10-year CSS and OS of the PORT group were 90.4% and 69.5%, respectively, and the 10-year
CSS and OS of the non-PORT group were 74.9%% and 55.0%, respectively.
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Table 1. Patient characteristics (N = 700).

Variables N %
Age
Median (range) 54 (19-88)
<40 79 11.3
40-49 110 15.7
50-59 154 22.0
60-69 192 27.4
>70 165 23.6
gender
Men 349 49.9
Women 351 50.1
Race
White 470 67.1
Black 91 13.0
Others 126 18.0
Unknown 13 1.9
Marital status
Married 439 62.7
Not married 243 34.7
Unknown 18 2.56
Tumor extent
Adjacent connective tissue 293 41.9
Adjacent organs or structures 407 58.1
WHO classification
Not otherwise specified 143 20.4
Type A 59 8.4
Type AB 121 17.3
Type Bl 101 14.4
Type B2 114 16.3
Type B3 162 23.2
Lymph node status
Negative 633 90.4
Positive 31 4.4
Unknown 36 5.2
Extent of surgery
Radical surgery 189 27.0
Total resection 316 45.1
Simple or partial resection 174 24.9
Debulking surgery 21 3.0
PORT
Yes 420 60.0
No 280 40.0

Abbreviations: WHO, World Health Organization; PORT, postoperative radiotherapy.

https://doi.org/10.1371/journal.pone.0283192.t001

Prognostic analysis after PSM

A total of 262 patient-pairs were completely matched. Table 2 presents the patient characteris-
tics before and after PSM, with no significant difference between the matched groups. Fig 3A
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Fig 2. Comparison of cancer-specific survival (A) and overall survival (B) according to the receipt of postoperative radiotherapy before
propensity score matching.

https://doi.org/10.1371/journal.pone.0283192.9002

and 3B show the survival of CSS and OS in the propensity-matched cohort. There was a signif-
icant difference in the 10-year CSS and OS according to the receipt of PORT (CSS: 93.2% vs.
76.9%, P < 0.001; OS: 69.1% vs. 54.5%, P = 0.006).

In the univariate analyses (Table 3), tumour extension (P < 0.001) and utilisation of PORT
(P =0.001) were significant prognostic factors for CSS, whereas age (P < 0.001), tumour exten-
sion (P < 0.001), and utilisation of PORT (P < 0.001) were significant prognostic factors for
Os.

Multivariate analysis (Table 4) incorporating covariates that were significant in the univari-
ate analysis showed that tumour invasion into adjacent organs/structures (hazard ratio [HR],
3.957; 95% confidence interval [CI], 1.840-8.507; P <0.001) and non-utilisation of PORT
(HR, 3.077; 95% CI, 1.585-5.974; P = 0.001) were independent poor prognostic factors for
CSS, whereas age > 62 years (HR, 2.805; 95% CI, 1.957-4.019; P <0.001), tumour invasion
into adjacent organs/structures (HR, 2.326; 95% CI, 1.569—-3.446; P <0.001), and non-utilisa-
tion of PORT (HR, 1.692; 95% CI, 1.171-2.445; P = 0.005) were independently associated with
poorer OS (Table 4).

Subgroup analysis

To identify potential patients who might benefit from PORT, a subgroup analysis was per-
formed. Fig 4 shows the survival curve of CSS and OS in the subgroup analyses of patients
with stages IIB and IIT thymoma. In stage IIB thymomas (Fig 4A), PORT showed a significant
correlation with CSS (P = 0.012), but not with OS (P = 0.330). In stage III thymomas (Fig 4B),
PORT showed a significant correlation with better CSS (P = 0.007) and OS (P = 0.016).

Discussion

The decision on the optimal treatment for patients with thymomas is very important for physi-
cians. However, because of the rarity of thymic epithelialtumorsand the variations of study
results, the appropriate treatment for locally invasive thymomas remained unclear [26-28].
PORT is frequently performed for thymoma patients in clinical practice; however, no consen-
sus was reached on the efficacy of PORT in this disease. The prognostic influence of PORT in
stage I disease is considered to be limited because of its excellent outcome [14, 29]. The present
study assessed the efficacy of PORT in stages IIB and III thymomas using the population-
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Table 2. Patient, tumor, and treatment characteristics before and after propensity score matching.

Variables Before Propensity Score Matching After Propensity Score Matching
PORT (+) (N =420) PORT (-) (N = 280) P PORT (+) (N =262) PORT (-) (N =262) P
Age
<40 47(11.2) 32(11.4) 0.009** 25(9.5) 29(11.1) 0.19
40-49 69(16.4) 41(14.6) 33(12.6) 38(14.5)
50-59 106(25.2) 48(17.2) 64(24.4) 46(17.5)
60-69 117(27.9) 75(26.8) 80(30.6) 72(27.5)
>70 81(19.3) 84(30.0) 60(22.9) 77(29.4)
gender
Men 219(52.1) 130(46.4) 0.139 127(48.5) 123(46.9) 0.726
Women 201(47.9) 150(53.6) 135(51.5) 139(53.1)
Race
White 282(67.2) 188(67.1) 0.804 181(69.1) 182(69.5) 0.587
Black 51(12.1) 40(14.3) 30(11.4) 36(13.7)
Others 79(18.8) 47(16.8) 51(19.5) 44(16.8)
Unknown 8(1.9) 5(1.8)
Marital status
Married 262(62.4) 177(63.2) 0.974 150(57.3) 152(58.0) 0.860
Not married 147(35.0) 96(34.3) 112(42.7) 110(42.0)
Unknown 11(2.6) 7(2.5)
Tumor extent
Adjacent connective tissue 176(41.9) 117(41.8) 0.975 129(49.2) 111(42.4) 0.115
Adjacent organs or structures 244(58.1) 163(58.2) 133(50.8) 151(57.6)
Lymph node status
Negative 379(90.3) 254(90.7) 0.978 247(94.3) 252(96.2) 0.305
Positive 19(4.5) 12(4.3) 15(5.7) 10(3.8)
Unknown 22(5.2) 14(5.0)
Extent of surgery
Radical surgery 119(28.3) 70(25.0) 0.047 69(26.3) 64(24.5) 0.157
Total resection 186(44.3) 130(46.4) 116(44.3) 125(47.7)
Simple or partial resection 97(23.1) 77(27.5) 66(25.2) 70(26.7)
Debulking surgery 18(4.3) 3(1.1) 11(4.2) 3(1.1)

Abbreviations: PORT, postoperative radiotherapy.

https://doi.org/10.1371/journal.pone.0283192.t002

based SEER database. Adjuvant radiotherapy (RT) showed a significant correlation with OS

and CSS of localised thymomas before and after PSM in our study.

In this study, PORT improved CSS and OS in stage IIB/III thymomas before and after
PSM. Multivariate analysis showed that age, tumour extensions, and PORT were indepen-

dently associated with OS, whereas tumour extensions and PORT were independently associ-

ated with CSS. The subgroup analysis showed that PORT improved CSS and OS in Masaoka-

Koga stage III thymoma, but showed no OS benefit in Masaoka-Kogastage IIB thymoma.
The optimal utilisation of PORT in stage IT thymomas is unclear, and several studies have

indicated few survival benefits of PORT in these patients. Berman et al. showed no significant
benefit of PORT in decreasing local recurrence rates in stage II thymoma with complete resec-
tion. The recurrence rate in patients who did not undergo PORT was 8.3% (2/24), and no
recurrence (0/38) was found in those who underwent PORT (P = 0.15) [16]. The proportion of
recurrence (8.3%) was quite low, making it difficult to detect a statistically significant
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Fig 3. Comparison of cancer-specific survival (A) and overall survival (B) according to the receipt of postoperative radiotherapy after
propensity score matching.
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Table 3. Univariate Cox regression analysis of prognostic factors in matched population.

Variables CSS oS
HR 95%CI P HR 95%CI P
Age
<62
>62 1.502 0.825-2.734 0.183 2.843 1.989-4.063 <0.001***
gender
Men/Women 1.542 0.847-2.809 0.156 1.340 0.937-1.918 0.109
Race
White 1 1
Black 0.693 0.327-1.469 0.338 1.109 0.650-1.892 0.705
Others 0.980 0.365-2.633 0.968 1.163 0.720-1.879 0.537
Marital status
Married/Not married 1.314 0.658-2.147 0.208 1.142 0.613-1.793 0.614
Tumor extent
Adjacent connective tissue 1 1
Adjacent organs or structures 4.130 1.922-8.874 <0.001*** 2271 1.534-3.362 <0.001***
WHO classification
nontype B3/type B3 1.177 0.754-1.836 0.474 1.039 0.794-1.359 0.780
Lymph node status
Negative/Positive 0.392 0.054-2.847 0.355 0.731 0.298-1.789 0.492
Extent of surgery
Radical surgery 1 1
Total resection 0.966 0.438-2.130 0.932 0.787 0.513-1.209 0.275
Simple or partial resection 1.851 0.839-4.082 0.127 1.363 0.878-2.117 0.167
Debulking surgery 3.248 0.893-9.816 0.074 1.215 0.433-3.413 0.711
PORT
Yes/No 2.860 1.723-4.747 <0.001*** 1.602 1.188-2.159 0.002**

Abbreviations: HR, hazard ratio; CI, confidence interval; CSS, cancer-specific survival; OS, overall survival; WHO, World Health Organization; PORT, postoperative

radiotherapy.

https://doi.org/10.1371/journal.pone.0283192.t003
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Table 4. Multivariate Cox regression analysis of prognostic factors in matched population.

Variables

Age
<62
>62
Tumor extent
Adjacent connective tissue
Adjacent organs or structures
PORT
Yes/ No

HR

1
3.957

3.077

CSS
95%CI P
1
1.840-8.507 <0.001***
1.585-5.974 0.001***

HR

2.805

2.326

1.692

oS
95%CI P
1.957-4.019 <0.001***
1.569-3.446 <0.001***
1.171-2.445 0.005**

Abbreviations: HR, hazard ratio; CI, confidence interval; CSS, cancer-specific survival; OS, overall survival; PORT, postoperative radiotherapy.

https://doi.org/10.1371/journal.pone.0283192.t004
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difference in adjuvant RT. Using the British Columbia Cancer Agency Registry, another popu-
lation-based analysis showed no significant OS benefit or freedom from recurrence in stage II
thymoma after PORT [30]. Furthermore, Chang et al. reported that adjuvant RT described no
significant correlation with disease-free survival(DFS) in stage II thymoma (P = 0.11) [31].
Similarly, a propensity-matched analysis from the SEER registry, including 592 cases with
stages III-IV thymoma, showed statistically significant differences in disease-specific survival
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Fig 4. Cancer-specific and overall survival of the stage IIB (A and B) and stage III (C and D) with or without postoperative radiotherapy.
https://doi.org/10.1371/journal.pone.0283192.g004
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(DSS) and OS for PORT. However, no survival benefit of PORT was found in stage IIB thymo-
mas which was similar with our study [32]. In contrast, Jackson et al. reported a significant OS
benefit of PORT in stage IT thymoma [24]. It may be explained that in the study by Jackson

et al. more patients in the PORT group had positive surgical margin status than the non-
PORT group (40.1% vs. 17.6%); however, the SEERS data of the current study and the study by
Lim et al. are poor, given the lack of data on marginal status and preoperative chemotherapy.

Approximately30% of patients with stage III thymoma were at a risk of relapse [33]. The
majority of recurrences were observed at the pleura (54%) and tumour bed (23%), even after
complete resection [34]. This pattern of failure encourages clinicians to use PORT to control
the tumour bed. Although widely used, the efficacy of PORT in stage IIT thymomas was still
controversial. In a large population-based study, PORT improved the DSS and OS of stage IIT
thymoma patients (n = 499) on univariate analysis [21], however, patients who received PORT
were younger, and a larger proportion of them had undergone debulking surgery, which
might have led to a provider bias in making treatment decisions. A multi-institutional propen-
sity score-matched analysis from the European database concluded that adjuvant therapy was
beneficial for stage ITI thymomas, especially for stage pT3 thymomas with a tumor size smaller
than 5 cm [35]. Similarly, Liao et al. analysed 130 patients with completely resected stage III
disease, 57% of whom received PORT, and found a trend of superior DSS in the PORT group.
In multivariate analyses, PORT was proven to be an independent prognostic factor of OS [36].
A large-scale analysis from the multi-institutional national database in Japan concluded that
PORT did not improve relapse-free survival or OS in stage III thymoma, which contradicts
our findings [25]. This may be because the baseline covariates, especially the surgical modali-
ties, were different between the Japanese and our cohort. Nearly 100% of the population in the
Japanese cohort received complete resection, however only 72.1% in our study received com-
plete resection. On the other hand, the Japanese study disregard PSM that we performed to
balancethe baseline characteristics.

To date, there have been several SEER-based analyses of thymoma [18-20]. Patel et al. and
Forqueret al. showed an OS benefit of PORT in stages II-III thymoma using the SEER data-
base [18, 19]. Fernandes et al. showed a particular benefit of PORT for patients with stage III
or IV thymoma in a univariate analysis; however, the statistical significance was eliminated in
the multivariate analysis [20]. Additionally, the patients included in previous studies were
diagnosed as early as the 1970s [18-20] whereas our analysis included patients diagnosed with
thymoma from 2004 to 2016, which were mostly treated with modern RT techniques. In fact,
the high-quality modern RT techniques had been demonstrated to reduce relapse rates and
improve survival compared with conventional RT [37]. However, further research is needed to
evaluate the survival benefit of PORT in the modern RT era.

Meta-analyses are another important ways to explorethe efficacy of PORT in thymoma. A
meta-analysis by Zhou et al. showed that adjuvant RT had no survival benefit in the entire
cohort of completely resected thymoma, but resulted in a favourable prognosis for OS in stage
II/III thymoma [38]. Another meta-analysis byLim et al. analysis on 1724 patients and
observed the survival advantages of PORT in stages III-IV thymomas, but not in stage II dis-
ease [39]. In contrast, Ma et al. found no benefit of PORT on recurrent risk in completely
resected stage I or III thymomas [40]. These meta-analysesshow the difficulty in evaluating a
prognosticrole of PORT in thymoma.

This study had several limitations. First, information on surgical margin status was not
included in the registry, which may lead to inconsistent survival analysis. Second, there was no
central review to confirm stage and histotype, which might lead to the variability in diagnosis
among different pathologists. Third, the effect of chemotherapy was not analysed in our study
because the information was not available in the SEER database. In addition to the
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chemotherapy data, details of the RT treatment (such as total radiation dose, daily fraction,
and radiation techniques) were not included in the SEER database. Fourth, although we per-
formed the PSM to reduce the effects of selection bias in performing PORT, the possibility of
unpredictable confounders cannot be fully avoided for the limitations existing in any retro-
spective study. Finally, the SEER database contains little information to guide the analysis of
why PORT was performed in each patient. Despite these limitations, the SEER database is still
a useful tool to fill knowledge gaps and solve difficult questions, for example, in the manage-
ment of thymomas. As a relatively rare disease, it was quite difficult to recruit a sufficient sam-
ple within a short time to perform a prospective randomised controlled trial. The SEER
database provides a large number of patients treated in different institutions, improving the
pool’s heterogeneity and allowing a long-term follow-up.

Conclusion

According to the guidelinesof the European Society for Medical Oncology (EMSO) [41],
PORT is recommended following complete resection of stage IIT thymoma (grade of recom-
mendation IV, level of evidence B) because of the higher risk of disease recurrence and should
be considered in thymoma with extensive transcapsular invasion (stage IIB) and aggressive
histology, such as types B2 and B3 (grade of recommendation IV, level of evidence C). The
present study demonstrated that PORT improved CSS and OS in Masaoka-Koga stage III thy-
moma, and seem to show no OS benefit in stage IIB thymoma. However, due to the inherent
limitation of this study which was observational, the results can not imply rejection of PORT
for stage IIBthymoma. Further prospective trials are warranted to confirm these results.
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