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Introduction

Surgery is the cornerstone of treatment for primary 
thymoma (1). The diagnostic age of patients, Masaoka stage, 
WHO pathologic classification, thymoma size, surgical 
treatment, and postoperative radiotherapy (PORT) are 

prognostic factors for thymoma (2-4). Besides, diagnostic 
age, thymoma size, clinical stage are predictive factors 
for tumor recurrence (5,6). Apart from these, appropriate 
adjuvant therapies could significantly prolong overall 
survival (OS) and progressive free survival (PFS) (2-4).  
These factors are identified regarding primary thymoma, 
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however, rare researches focus on recurrent thymoma (RT).
Efficient therapies for RT include secondary surgery, 

adjuvant PORT, adjuvant chemotherapy, molecular targeted 
therapy, and immunotherapy. However, there is no effective 
therapeutic guideline for RT applied to clinical work (2,5). 
Some scholars suggested RT received secondary surgery 
had better survival than those who received conservative 
therapies (7-9). Whereas, others suggested secondary 
surgery could cause high morbidity and mortality (10). 
The efficacy of secondary surgery for RT after primary 
surgery remains controversial. Besides, complete studies of 
recurrent thymic tumors focused on thymoma and thymic 
carcinoma. Compared with thymoma, thymic carcinoma 
is an utterly different disease which has more aggressive 
oncologic appearance and higher possibility of distant 
metastasis, which probably leads confusions about the 
definition of resectable thymoma and selected criteria of 
secondary surgery (6).

In this work, data was reviewed from the Surveillance, 
Epidemiology, and End Results database (SEER). We 
discussed the indication of operation for RT, evaluated 
the efficacy of secondary surgery for RT, and provided 
evidences to prevent thymoma progression.

Methods

From January 1973 to December 2014, surgical treated 
patients diagnosed as thymoma, from type A to B3 by 
WHO pathologic classification, in SEER were reviewed. 
The detail selected process was listed in Figure 1. The 
exclusive criteria were: (I) the diagnostic year before 2004; 
(II) patients with oncologic history; (III) diagnostic methods 
without cytologic and pathologic confirmation; (IV) patients 
without detail clinical data or follow-up information; (V) 
patients with preoperative or intraoperative radiotherapy; 
(VI) primary thymoma with metastasis (Masaoka stage IV).

Patients’  parameters were abstracted including 
demographics, tumor size, pathological category, clinical 
classification (SEER summary clinical stage could be 
converted into Masaoka stage (11), therapeutic details, 
disease recurrence status (recurrence was confirmed 
by exfoliative cytology and/or pathology of secondary 
operative specimen), therapeutic regimens for recurrences, 
and outcomes. Patients were separated into without RT, 
second surgery for RT, and conservative treatments for RT 
3 subgroups.

Statistical analysis was performed by SPSS software, 

1693 Thymoma defined as  WHO grade A to B3 in SEER database

Patients were diagnosed as thymoma after 2004

Patients were diagnosed by exfoliative cytologic and pathologic confirmation

Patients have detail information of clinical classification

Patients did not received preoperative radiotherapy or intraoperative radiation

Patients were diagnosed in Masaoka Stage I-III primarily

Patients without surgery for primary thymoma

Recurrence thymoma without surgical treatment

1351 –342

1345 –6

1306 –39

1273 –33

1061 –212

1000 –61

985 –15

Figure 1 Flowchart of study selection process.
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version 23.0 (SPSS Inc., Chicago, USA). Continuous and 
categorical variables were compared by Student t-test and 
χ2 test respectively. OS was calculated by Kaplan-Meier 
method and Log-rank test. Independent predictors were 
identified by Cox proportional-hazards regression model. 
Survival time was calculated from the time of primary 
surgery to death or censored. A two-tailed P value <0.05 was 
considered statistically significant. Hazard ratio (HR) was 
presented with their 95% confidence interval (CI). Between 
without recurrence and surgical treated RT subgroups, 
1:1 propensity score matching (PSM) was performed by 
using the caliper match algorithm with a width of 0.1 of the 
standard deviation of the logit for the propensity score to 
evaluate the efficacy of secondary surgery for resectable RT.

Results

Baseline of patients

A total of 1,000 patients were enrolled in this work (Figure 1). 
The median follow-up time was 61 months (range from 
0–156 months) for all patients. As Table 1 showed that 185 
(18.5%) patients were RT, the median diagnostic age of 
thymoma without recurrence after primary surgery was 
significantly younger than RT (57.2±14.1 vs. 67.3±12.1 years, 
P=0.006). The proportion of patients with PORT in RT 
was significantly lower than thymoma without recurrence 
after primary surgery (35.1% vs. 47.0%, P=0.003). The 
distribution of other factors between RT and thymoma 
without recurrence after primary surgery had no significant 
difference.

OS for different therapies

According to the different therapeutic strategies, group 
without RT and RT had 815, 185 patients, respectively. 
In RT subgroup, 170 patients received secondary surgical 

treatment, and 15 patients received conservative treatments. 
As Table 2 showed that OS of conservative treated RT (5-year  
rate: 26.7%, time: 38.1 months) was significantly worse 
than patients without recurrence after primary surgery 
(5-year rate: 83.9%, time: 108.2 months) and secondary 
surgery treated RT patients (5-year rate: 78.2%, time: 

Table 1 Characteristics of patients

Variables NRT (%) RT (%) P value

Age (years) 57.2±14.1 67.3±12.1 0.006*

Gender 0.471#

Male 399 (49.0) 96 (51.9)

Female 416 (51.0) 89 (48.1)

Tumor size (mm) 70.0 61.5 0.159*

Masaoka stage 0.380#

I–IIa 350 (42.9) 86 (46.5)

IIb–III 465 (57.1) 99 (53.5)

WHO grade 0.308#

A–B1 451 (55.3) 110 (59.5)

B2–B3 364 (44.7) 75 (40.5)

PORT 0.003#

Without 432 (53.0) 120 (64.9)

With 383 (47.0) 65 (35.1)

CHT 0.315#

Without 690 (84.7) 162 (87.6)

With 125 (15.3) 23 (12.4)

Sum 815 185

*, P value was calculated by Student t-test; #, P value was 
calculated by χ2 test. RT, recurrence thymoma; NRT, thymoma 
without recurrence; PORT, postoperative radiotherapy; CHT, 
chemotherapy.

Table 2 Survival of thymoma based on different therapeutic approaches

Therapy No.
OS P value

5-year rate (%) Time (Mo.) 95% CI NRT R-S R-C

NRT 815 83.9 108.2 105.0–111.5 0.066 <0.001

R-S 170 78.2 101.3 93.3–109.4 0.066 <0.001

R-C 15 26.7 38.1 15.9–60.3 <0.001 <0.001

*, P value was calculated by Log-rank test. RT, recurrence thymoma; NRT, thymoma without recurrence; R-S, surgical treated RT; R-C, 
conservative treatments treated RT; Mo., months; CI, confidence interval.
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101.3 months) (P<0.001, respectively). OS between patients 
without recurrence and secondary surgery treated RT had 
no significant difference (P=0.066). Secondary surgery for 
RT could significantly prevent disease progression.

Prognostic factors for thymoma patients

PSM was performed to match baseline factors to balance 
without RT patients and secondary surgical treated RT 
patients simultaneously: diagnostic age, gender, Masaoka 
stage, pathologic grade, adjuvant therapies. After PSM, the 
number of patients in each subgroup was 168 respectively. 
The distributed differences based on these factors were 
eliminated (Table 3). OS between without RT patients and 
secondary surgical treated RT patients had no significant 
difference (Figure 2). Besides, secondary surgery for RT 

Table 3 Characteristics of N-R and R-S patients 

Variables
Before PSM After PSM

NRT (%) R-S (%) P value N-R (%) R-S (%) P value

Age (years) 57.2±14.1 66.4±12.0 0.000* 65.8±12.8 66.2±11.9 0.339*

Gender 0.699# 0.662#

Male 399 (49.0) 86 (50.6) 88 (52.4) 84 (50.0)

Female 416 (51.0) 84 (49.4) 80 (47.6) 84 (50.0)

Masaoka stage 0.399# 0.827#

I–IIa 350 (42.9) 79 (46.5) 76 (45.2) 78 (46.4)

IIb–III 465 (57.1) 91 (53.5) 92 (54.8) 90 (53.6)

WHO grade 0.163# 0.911#

A–B1 451 (55.3) 104 (61.2) 101 (60.1) 102 (60.7)

B2–B3 364 (44.7) 66 (38.8) 67 (39.9) 66 (39.3)

PORT 0.037# 0.578#

Without 432 (53.0) 105 (61.8) 98 (58.3) 103 (61.3)

With 383 (47.0) 65 (38.2) 70 (41.7) 65 (38.7)

CHT 0.162# 0.469#

Without 690 (84.7) 151 (88.8) 153 (91.1) 149 (88.7)

With 125 (15.3) 19 (11.2) 15 (8.9) 19 (11.3)

Sum 815 170 168 168

*, P value was calculated by Student t-test; #, P value was calculated by χ2 test. RT, recurrence thymoma; NRT, thymoma without 
recurrence; R-S, surgical treated RT; PORT, postoperative radiotherapy; CHT, chemotherapy; PSM, propensity score matching.

Figure 2 Overall survival curves between N-R and R-S. N-R, non-
recurrence thymoma; R-S, recurrence with secondary surgery. 
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could not shorten OS in multivariate analysis (Table 4).  
Thus, secondary surgical treated RT patients had 
comparable outcomes as patients without RT after primary 
surgery.

Besides, patients younger than 65 years had significantly 
better OS (5-year rate, 91.3% vs. 68.8%; time, 118.9 vs. 
88.6 months; P<0.001). With the advancement of Masaoka 
stage (I–IIa vs. IIb–III: 5-year rate, 86.4% vs. 72.5%; time, 
109.9 vs. 95.7 months; P=0.012) and pathologic grade (A–
B1 vs. B2–B3: 5-year rate, 83.7% vs. 71.4%; time, 107.6 vs.  
92.2 months; P=0.004), OS of patients decreased significantly. 
All these variables were adjusted by multivariate analysis. HR 
of diagnostic age (elder 65 vs. younger 65 years: HR, 4.399, 

95% CI: 2.396–8.077, P<0.001), Masaoka stage (IIb–III vs. I–
IIa: HR, 1.928, 95% CI: 1.118–3.326, P=0.018), pathologic 
grade (B2–B3 vs. A–B1: HR, 2.046, 95% CI: 1.269–3.298, 
P=0.003), and PORT (with vs. without: HR, 0.604, 95% CI: 
0.378–0.987, P=0.044) for OS showed significant differences.

Discussion

The present work reviewed surgical treated thymoma 
patients from SEER to evaluate the safety and efficacy of 
secondary surgery for RT patients, and identify independent 
predictive factors for RT. The principle observation is 
secondary surgery provides comparable outcomes for RT to 

Table 4 Survival analysis of NRT and R-S patients after PSM

Variables

Overall survival

Univariate Multivariate 

5-year time (Mo.) Rate (%) P value HR 95% CI P value

Age (year) <0.001 <0.001

≤65 118.9 91.3 1.000

>65 88.6 68.8 4.399 2.396–8.077

Gender 0.146 0.210

Male 106.4 81.4 1.000

Female 97.0 76.2 1.356 0.843–2.183

Masaoka stage 0.012 0.018

I–IIa 109.9 86.4 1.000

IIb–III 95.7 72.5 1.928 1.118–3.326

WHO grade 0.004 0.003

A–B1 107.6 83.7 1.000

B2–B3 92.2 71.4 2.046 1.269–3.298

Treatment 0.782 0.565

NRT 100.7 78.6 1.000

R-S 102.5 79.2 0.871 0.544–1.394

PORT 0.395 0.044

Without 100.7 79.6 1.000

With 104.3 77.8 0.604 0.378–0.987

CHT 0.230 0.719

Without 103.0 79.8 1.000

With 93.0 70.6 1.136 0.567–2.274

RT, recurrence thymoma; NRT, thymoma without recurrence; R-S, surgical treated RT; PSM, propensity score matching; Mo., months; 
PORT, postoperative radiotherapy; CHT, chemotherapy; HR, hazard ratio; CI, confidence interval.
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patients without recurrence after primary surgery.
Thymoma and thymic carcinoma are components of 

thymic tumors, but distinctly different diseases. Compared 
with thymic carcinoma, thymoma has indolent oncologic 
appearance, lower propensity of distant metastasis, and 
better outcome (11,12). The majority of previous studies did 
not separate these 2 kinds of thymic tumor probably causes 
confusions concerning secondary surgical selected criteria (6). 
Meanwhile, since the low incidence and recurrent rate of 
thymoma, studies focused on therapeutic regimens for RT 
are rare.

Previous studies investigated independent predictive 
factors of thymoma including age, Masaoka stage, WHO 
pathologic grade, resected marginal status, and adjuvant 
therapies (2,4,13-16). Besides, patients with myasthenia 
gravis could influence survival (17). Finally, RT with 
appropriate adjuvant therapies would have comparable 
outcomes as N-R (2,5,18).

Previous study confirmed distant metastasis accounts 
for extremely small proportion in RT, which needs better 
systemic therapies (19). The majority of RT occurs as 
intrathoracic disease which has opportunity to receive 
secondary surgery (5). Whereas, survival is a critical 
parameter to evaluate the therapeutic safety and efficacy. 
Some scholars suggested that OS, 3-, 5-, and 10-year survival 
rate of R-S were significantly better than R-C (6-8,20).  
On the other hand, others suggest that secondary surgery 
should be considered in strictly selected patients because 
secondary surgery could not provide benefits for RT with 
invasiveness of the lesion and lead high mortality (9,20). 
In the clinic, the rate of secondary surgery treated RT 
is relatively high (5,6). Herein, the selected criteria of 
resectable RT should be estimated, the efficacy of secondary 
surgery should be discussed.

In this work, R-S has significantly better outcomes than 
R-C. Besides, OS has no significant discrepancy between 
R-S and N-R. According to observations, secondary surgery 
for RT could be advocated if patients could tolerate surgery 
and tumor could be removed completely. However, disease 
free survival (DFS) of re-surgery patients could not be 
reviewed in database, which is a limitation to evaluate the 
efficacy of secondary surgery for RT.

The definit ion of resectable thymoma remains 
controversial, therefore, the efficacy of re-surgery and 
appropriate re-surgical type should be discussed. In present 
work, in order to avoid the bias caused by parameters such 
as oncologic malignancy and progression between RT and 

N-R, PSM was performed. After PSM, the demographics, 
oncologic parameters, and adjuvant therapies between RT 
and N-R have no significant difference. We believe that 
the only difference between the 2 groups is postoperative 
therapies. Interestingly, OS of patients between N-R 
and R-S has no significant difference. It is suggested 
that appropriate re-surgery provides significant benefits 
for Masaoka stage I-III RT. It is easy to understand that 
patient with an easily resectable intrathoracic recurrence 
would be performed secondary surgery (6). Besides, some 
scholars suggested that surgical treated thymoma with 
visceral, parietal pleura, pericardial, or epicardial surfaces 
recurrence determines the type of re-surgery, including 
pleuropneumonectomy, radical pleurectomy/decortication, 
and local excision of pleural, pericardial, and diaphragmatic 
implants. Appropriate surgical regimens could provide long-
term survival of Masaoka stage IVa RT (20,21). Therefore, 
Masaoka stage I–IVa RT would have an opportunity to 
undergo secondary surgery.

Secondary surgery could prolong survival provides 
powerfully therapeutic evidences for resectable RT. 
However, selected criteria and the appropriate regimens 
of secondary surgery for RT in different types should be 
investigated in the further study.

Limitation

As a large population retrospective database, SEER has 
its limitations inevitably. It does not include the details 
of recurrence (16). Fortunately, as an indolent tumor, the 
distant recurrence rate of thymoma is extremely low. On 
the other hand, the overwhelming majority of RT occurs in 
mediastinum or thoracic cavity, which provides opportunity 
to perform secondary surgery. Secondly, the information 
concerning adjuvant chemotherapeutic regimen, dosage, 
toxicity, side-effects is not enrolled in SEER (16). Although, 
these factors are not focuses in the present work, based 
on strict statistical calculation, the efficacy of the adjuvant 
therapies and the discrapancy of survival based on different 
therapies are clear, reasonable, and reliable. Thirdly, the 
relationship between secondary surgical approaches and 
survival could not be discussed because of the incomplete 
information. Fourthly, the information of resected scope 
and margins of primary and secondary surgeries is missing, 
which may hinder the discussion of surgical indications. The 
issues were caused by limitations which would be solved by 
using the database from our own single-center in the future.
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Conclusions

Elder patients, advanced Masaoka stage, upgraded pathologic 
grade, and without PORT indicate significantly worse OS in 
thymoma. In addition, Masaoka stage I–III RT with secondary 
surgery could provide acceptable outcomes compared to 
thymoma patients without recurrence after primary surgery. 
Finally, selected criteria of secondary surgery for RT patients 
should be investigated in the further study.
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