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Original Article
Mediastinal lymph node involvement predicts worse 
prognosis and lymph node dissection less than 3 during 
surgery benefits prognosis of Masaoka stage I thymoma
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Abstract: Background: Thymoma size, stage, and postoperative therapies affect patient survival. First, the cur-
rent study attempted to reveal the relationship between mediastinal lymph node involvement (LNI) and thymoma 
patient survival. Second, this study aimed to evaluate the efficacy of lymph node dissection (LND) during surgery. 
Methods: Thymoma patients with LND during surgery were enrolled in the Surveillance, Epidemiology, and End Re-
sults program database (SEER). Survival, based on age, tumor size, Masaoka stage, and LNI status, was analyzed 
via univariate and multivariate analysis. The efficacy of adjuvant therapies and LND was analyzed by stratification 
analysis in each WHO pathologic grade. Results: In all 399 patients, old age, advanced clinical stage, and positive 
LNI predicted significantly worse overall survival (OS) (P = 0.044, 0.012, 0.032). Postoperative radiotherapy and 
chemotherapy showed significant benefits for positive LNI patients (P = 0.003, 0.020), but adjuvant treatments did 
not affect the OS of negative LNI patients. Moreover, Masaoka Stage I patients receiving less than 2 lymph nodes 
removed with LND had significantly better OS than those with more than 3 (P = 0.038). However, in advanced stage, 
different numbers of LND did not affect patient OS. Conclusion: Diagnostic age, clinical stage, and LNI status were 
shown to be independent risk factors for OS. Compared with old age, advanced stage, and positive LNI patients, 
younger, local stage and negative LNI patients showed significantly better prognoses. Radiotherapy or chemothera-
py significantly improved positive LNI patient OS. Stage I patients dissecting 1 or 2 lymph nodes manifested signifi-
cantly better OS than those dissecting lymph nodes more than 3.
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Introduction

Thymoma is a rare disease, with an incidence 
of 0.15 cases per 100,000 people, worldwide. 
However, in anterior mediastinal tumors, thy-
momas are most common and have a crucial 
status [1].

Guidelines of diagnosis and treatment have not 
been standardized. At least 14 classification 
systems have been used during the last four 
decades [2]. Recently, the Masaoka-Koga 
Staging system has been accepted, worldwide, 
as the standard clinical staging system for thy-
momas [3-5]. Histological diagnosis has been 
performed by the WHO classification system 
[6]. In 2014, the Tumor, Node, and Metastases 

(TNM) Staging System (8th edition) was upda-
ted for thymomas [7-11]. Radical surgery is a 
unique approach in treating thymomas com-
pletely [12-18]. However, in this indolent malig-
nant disease, no systems have been able to 
clarify the relationship between mediastinal 
lymph node involvement (LNI) and patient prog-
noses [8, 19, 20]. Few studies have discussed 
the efficacy of lymph node dissection (LND) 
clearly. Moreover, the efficacy of adjuvant ther-
apies used in treating patients in different LNI 
statuses has been controversial, especially in 
patients with lymph node metastasis [18, 21].

In this study, the Surveillance, Epidemiology, 
and End Results program database (SEER) was 
utilized to explore the relationship between LNI 

http://www.ijcem.com


Efficacy of LND in thymomas

4362	 Int J Clin Exp Med 2019;12(4):4361-4367

and prognoses. In addition, this study com-
pared the efficacy of different numbers of LND 
during surgical treatment. Based on different 
statuses of LNI, appropriate postoperative ther-
apeutic regimens were discussed to prolong 
patient prognoses.

Patients and methods

Data from SEER was acquired in this study [1]. 
Inclusion criteria were applied to identify eligi-
ble patients: (1) Thymoma patients that 
received surgical treatment from 1988 to 
2014; (2) Based on WHO histological grade sys-
tem, thymomas were defined as type A to B3; 
(3) LND performed during surgery; and (4) Data 
was recorded completely, including baselines, 
tumor characters, therapeutic regimens, LND 
information, and follow-up information. Exclu- 
sion criteria were as follows: (1) Patients had 
tumor history; (2) Patients had preoperative 
adjuvant treatments; and (3) Patients had 
incomplete follow-up information. Parameters 
of the patients included diagnostic age, gender, 

clinical stage, tumor size, postoperative thera-
peutic regimens, number of LND, status of LNI, 
and time from diagnosis to last contact. 
According to SEER summary clinical stages, the 
patients were classified into stage L, R, and D. 
This classification was defined the same as the 
Masaoka-Koga Staging system. Stages L, R, 
and D were equivalent to Masaoka-Koga 
Stages I, II-III, and IV, respectively [22]. 
Performance conditions of patients, margin of 
surgical resection, dose, toxicity, and side-
effects of adjuvant therapies were not included 
in SEER. These factors were not analyzed in the 
current study.

Statistical analysis was performed using SPSS 
software, version 23.0 (SPSS Inc., Chicago, 
USA). Student’s t-test, Chi-squared test, or 
Fisher’s exact test were performed to analyze 
continuous and nominal data variables. Kaplan-
Meier method and Log-rank test were used to 
analyze patient overall survival (OS). Cox’s pro-
portional hazards regression model was 
employed to identify independent risk factors 
of OS. Time of OS is measured from diagnostic 
date to death. Patients living at last contact 
were censored at the date. Two-tailed P value < 
0.05 indicates statistical significance. Hazard 
ratios (HR) are presented with 95% confidence 
intervals (CI). 

Results

Patient characteristics (Table 1)

A total of 399 patients were enrolled. Median 
age of diagnosis was 55.9 years (range, 12-90 
years). The number of males and females was 
193 and 206, respectively. There were  
227 patients with postoperative radiothe- 
rapy (PORT) and 100 patients with chemother-
apy (POCT). All patients were divided into 2  
LNI-groups (positive and negative), having 34 
and 365 patients, respectively. Diagnostic  
age, ratio of gender, and distribution of tumor 
size between LNI-groups showed no differenc-
es. Moreover, 77% and 56% of positive LNI 
patients received PORT and POCT. However, a 
mere 55% and 22% of negative LNI patients 
received PORT and POCT. The proportion of 
patients with positive LNI receiving PORT and 
POCT was significantly higher than patients 
with negative LNI (P = 0.018, 0.000, res- 
pectively). 

Table 1. Patient characteristics divided by LNI
LNI With Without Total P value
Number 34 365 399
Age (years) 0.482*

    Median 54.2 56.1 55.9
    Range 12-85 15-90 12-90
Gender 0.860#

    Male 17 176 193
    Female 17 189 206
Stage < 0.001#

    I 0 120 120
    II-III 25 195 220
    IV 9 50 59
Size 0.934#

    0-50 8 93 101
    51-90 16 160 176
    > 90 10 112 122
PORT 0.018#

    Without 8 164 172
    With 26 201 227
POCT < 0.001#

    Without 15 284 299
    With 19 81 100
LNI, lymph node involvement; PORT, postoperative radio-
therapy; POCT, postoperative chemotherapy. *: P values 
calculated by Student’s t-test. #: P values calculated by 
Chi-squared or Fisher’s exact test.
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Survival analysis of OS (Table 2)

OS was analyzed to illustrate the predictive fac-
tors of OS. According to median diagnostic  
age, patients were divided into 2 age-groups (≤ 
55 and > 55-year). Based on univariate analy-
sis, gender, tumor size, and postoperative  
treatments showed no correlation with OS. 
Patient diagnostic ages younger than 55 had 
better OS than patients older than 55. 
Differences were significant (81.4% vs 79.5%, 
155.0 months vs 135.2 months, P = 0.044). 
Compared with clinical local stage and nega- 
tive LNI, advanced Masaoka-Koga stage and 
positive LNI could predict significantly worse 
OS (P = 0.012 and 0.032, respectively).

Variables in univariate analysis were enrolled 
into multivariate analysis. Based on Cox’s pro-

than in patients with PORT (OS rate: 25.0% vs 
73.1%, OS time: 48.5 vs 141.9 months, P = 
0.003). The same trend was observed in 
patients with POCT. In the LNI negative-group, 
OS showed no significant difference between 
patients with and without POCT. However, in 
positive LNI patients, the OS of patients with-
out POCT was significantly worse than patients 
with POCT (OS rate: 40.0% vs 78.9%, OS time: 
86.9 vs 136.5 months, P = 0.020). Results sug-
gest that LNI status could guide postoperative 
therapeutic regimens reasonably. Evaluating 
LNI status during surgery showed significantly 
crucial effects in improving patient survival.

Efficacy of LND in different dissected numbers 
(Table 4)

The median dissected number of LND was 2. 
Patients were divided into 2 subgroups, accord-

Table 2. Survival analysis for OS of patients

No.

Univariate* Multivariate#

Survival
P value HR 95% CI P valueRate 

(%)
Time 

(Month)
Age 0.044
    ≤ 55 177 81.4 155.0 1.000
    > 55 222 79.3 135.2 1.605 1.014-2.539 0.043
Gender 0.289
    Male 193 81.9 148.3
    Female 206 78.6 138.1
Stage 0.012
    I 120 90.0 174.8 1.000
    II-III 220 76.8 133.3 2.264 1.207-4.249 0.011
    IV 59 72.9 130.8 3.045 1.430-6.483 0.004
Size (mm) 0.064
    0-50 101 78.2 144.0
    51-90 176 85.8 157.0
    > 90 122 73.8 146.5
LNI 0.032
    Negative 365 81.9 148.9 1.000
    Positive 34 61.8 122.2 1.753 1.065-3.183 0.035
PORT 0.848
    Without 172 82.0 154.8
    With 227 78.9 140.7
POCT 0.990
    Without 299 80.3 146.6
    With 100 80.0 140.0
OS, overall survival; HR, Hazard Ratio; CI, Confidence interval; LNI, lymph nodes involve-
ment; No, number; PORT, postoperative radiotherapy; POCT, postoperative chemother-
apy. *: Analysis was performed by Kaplan-Meier method and log-rank Test. #: Analysis 
was performed by Cox’s proportional hazards regression model.

portional hazards regres-
sion model, diagnostic age 
(older vs younger, HR: 
1.605, 95% CI: 1.014-
2.539, P = 0.043), Ma- 
saoka stage (Stage II-III  
vs Stage I, HR: 2.264,  
95% CI: 1.207-4.249, P = 
0.011; Stage IV vs Stage  
I, HR: 3.045, 95% CI: 
1.430-6.483, P = 0.004), 
and LNI (positive vs nega-
tive, HR: 1.753, 95% CI: 
1.065-3.183, P = 0.035) 
were independent risk fac-
tors of OS. Variables that 
did not influence OS signif-
icantly are not listed. Pati- 
ents older than 55-years, 
advanced clinical stage, 
and positive LNI status 
showed significantly worse 
OS.

Efficacy of postoperative 
adjuvant therapy (Table 3)

In the LNI negative-group, 
patients without PORT  
had better OS than pa- 
tients with PORT. Diffe- 
rences showed no signifi-
cance. However, for pa- 
tients with positive LNI, OS 
of patients without PORT 
was significantly worse 
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ing to the dissected number of lymph nodes  
(1 or 2 LND vs more than 3 LND). OS was  
compared between the 2 subgroups, evalua- 
ting the effectiveness of LND in each clini- 
cal stage. In the local stage, compared with 
less than 2 LND patients, more than 3  
LND patients showed significantly worse  
OS (94.6% vs 85.9%, 190.2 vs 144.8 mon- 
ths, P = 0.038). However, differences in OS 
were not observed in advanced stages (P > 
0.05).

Discussion

Prognostic factors of thymomas, such as 
patient baselines, tumor characteristics, and 
therapeutic regimens, have not been resear- 
ched clearly because of rarity [18].

Survival of thymomas has a wide range. Surgery 
is the most important treatment of thymomas. 
Radical surgical treatment, especially, can sig-
nificantly prolong patient survival [12-21, 23, 
24]. If patients receive appropriate treatment, 
postoperatively, they have considerable surviv-
al, even with metastasis or recurrence [23, 25]. 
Therefore, LND during surgery has a crucial role 
in diagnosis of thymomas with real definition of 
N status [26]. Optimizing therapeutic regimens, 
postoperatively, based on N status is a reason-
able approach in improving survival rates and 
prolonging survival times of patients [24]. 

Whether LND was received or not, previous 
studies have demonstrated that diagnostic age 
and gender of patients are predictive factors of 
patient OS [27, 28]. In this study, in LND 
patients, diagnostic age was a predictive factor 
of patient OS, according to univariate (P = 
0.044) and multivariate analysis (HR: 1.605, 
95% CI: 1.014-2.539, P = 0.043). Moreover, 
Masaoka-Koga stage and LNI status were 
shown to be independent risk factors of OS. 
With clinical stage upgrades, patient OS signifi-
cantly decreased. Positive LNI patients mani-
fested significantly poorer OS than negative LNI 
patients.

PORT showed an intensive correlation with 
prognosis, especially in advanced stage pati- 
ents [25, 29]. PORT is an important postopera-
tive therapeutic regimen. In this study, 76.5% of 
positive LNI patients received PORT. However, 
55.1% of negative LNI patients received PORT. 
The proportion of patients receiving PORT in 
positive LNI was significantly higher than in 
negative LNI (P = 0.018). Some researchers 
believe that radical surgery is a good treatment 
for early stage thymomas, while advanced 
stage thymoma patients should receive PORT 
regardless of the status of resected margins 
and status of LNI. It could decrease the rate of 
relapse or metastasis [29-32]. On the other 
hand, some researchers have suggested that 
thymoma patients do not need to get further 
treatment, including PORT [13, 24, 32-34]. The 
current study found that patients with advanced 

Table 3. Stratification analysis for adjuvant 
therapeutic efficacy

Stratification Adjuvant 
Therapy No.

OS 
P 

valueRate 
(%)

Time 
(month)

LNI PORT
Negative 0.640

Without 164 84.8 160.5
With 201 79.6 140.9

Positive 0.003
Without 8 25.0 48.5
With 26 73.1 141.9
POCT

Negative 0.591
Without 284 82.4 149.4
With 81 80.2 138.2

Positive 0.020
Without 15 40.0 86.9
With 19 78.9 136.5

OS, overall survival; LNI, lymph node involvement; No, num-
ber; PORT, postoperative radiotherapy; POCT, postoperative 
chemotherapy.

Table 4. Stratification analysis for efficacy of 
dissected number of LND

Stratification 
(Stage)

No. OS
P 

valueLN Patient Rate 
(%)

Time 
(month)

I 56 1-2 94.6 190.2 0.038
64 3~ 85.9 144.8

II-III 114 1-2 77.2 132.8 0.485
106 3~ 76.4 137.5

IV 29 1-2 69.0 129.4 0.962
30 3~ 72.9 141.2

Total 199 1-2 80.9 149.0 0.158
200 3~ 79.5 140.7

OS, overall survival; No, number; LND, lymph node dissec-
tion.
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stage and positive LNI should receive PORT. 
Positive LNI patients receiving PORT signifi-
cantly increased OS (P = 0.003). Differences in 
OS were not observed in negative LNI patients. 
LND during surgery is an important procedure, 
clarifying the real stage of thymomas and mod-
erate postoperative therapies aimed at improv-
ing patient OS.

One previous study showed that chemotherapy 
had no association with survival and relapse of 
thymomas [28, 29]. The current study found 
that POCT could not promote OS for all patients. 
However, positive LNI patients receiving POCT 
significantly increased survival rates and pro-
longed survival times (P = 0.020). According to 
different LNI status, adjuvant therapies could 
be moderated to affiliate OS. Based on present 
analysis, it is recommended that positive LND 
patients receive PORT and POCT. These meth-
ods benefit survival rates and times, signi- 
ficantly.

Few studies have focused on the correlation 
between the number of LND and postoperative 
survival times of patients [35]. Park and his col-
leagues recommended that dissection of more 
than 10 lymph nodes could accurately predict 
OS of thymoma patients. OS and postoperative 
therapies have significant discrepancies 
between advanced stage and localized stage 
thymoma [36]. Extensive LND may decrease 
the rate of mistaken diagnosis of thymoma 
stage, but also assist in performing moderate 
adjuvant treatments. It could improve survival 
rates and prolong survival times [18]. This 
study, based on the median number of LND, 
divided patients into less than 2 (including 2) 
LND and more than 3 LND subgroups. Intere- 
stingly, it was found that the OS of patients with 
advanced Masaoka-Koga stage thymomas 
showed no differences between the two sub-
groups. However, patients in Masaoka-Koga 
Stage I and dissected more than 2 mediastinal 
lymph nodes predicted worse OS. Results sug-
gest that thymomas with complete capsules 
should be performed LND to confirm pathologi-
cal and clinical classification during surgery. 
Moreover, the number of LND should be less 
than 2 (including 2). Otherwise, it may decrease 
survival significantly (P = 0.038).

Limitations

OS has a significant relationship with posto- 
perative treatment. However, SEER does not 

enroll data of doses and regimens of chemo- 
therapy. 

There was no data of the dose of postoperative 
radiotherapy in SEER. Thus, a limitation of this 
analysis is that it did not discuss these 2  
factors in detail in the prognostic system. 
Fortunately, previous studies have shown that 
routine doses of chemotherapy and radiothera-
py do not affect the efficacy of treatment, sig-
nificantly [29].

Surgery is the most crucial treatment, but infor-
mation about surgical resection margins was 
missed. This factor prevented this study from 
deeply discussing the efficacy of adjuvant ther-
apy. Fortunately, previous studies have shown 
that, as an indolent disease, there are no sig-
nificant differences in OS between patients 
undergoing radical and lesser resections for 
advanced thymomas [23].

Conclusion

According to different diagnostic ages, Masa- 
oka-Koga stages, and LNI statuses, thymoma 
patients manifest broad ranges of survival 
rates and times. Positive LNI patients showed 
significantly worse postoperative prognosis 
than negative LNI patients. PORT and POCT 
have significant benefits for positive LNI 
patients. In addition, the number of LND signifi-
cantly correlated with OS in Stage I patients. 
LND with less than 2 mediastinal lymph nodes 
manifests significantly better OS than patients 
dissecting more than 3 lymph nodes.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Ke Fei, Department 
of Thoracic Surgery, Tongji University Affiliated 
Shanghai Pulmonary Hospital, Shanghai 200433, P. 
R. China. E-mail: fkyyfk@126.com; Huibiao Zhang, 
Department of Thoracic Surgery, Fudan University 
Affiliated Huadong Hospital, Shanghai 200040, P. R. 
China. E-mail: zhanghb815@126.com

References

[1]	 National Comprehensive Cancer Network 
(NCCN) Clinical Practice Guidelines in Oncolo-
gy (NCCN Guidelines) Thymomas and Thymic 
Carcinomas. Version 2.2012, 11/09/11.

[2]	 Filosso PL, Ruffini E, Lausi PO, Lucchi M, Oliaro 
A, Detterbeck F. Historical perspectives: the 

mailto:fkyyfk@126.com
mailto:zhanghb815@126.com


Efficacy of LND in thymomas

4366	 Int J Clin Exp Med 2019;12(4):4361-4367

evolution of the thymic epithelial tumors stag-
ing system. Lung Cancer 2014; 83: 126-32.

[3]	 Masaoka A, Monden Y, Nakahara K, Tanioka T. 
Follow-up study of thymomas with special ref-
erence to their clinical stages. Cancer 1981; 
48: 2485-92.

[4]	 Koga K, Matsuno Y, Noguchi M, Mukai K, 
Asamura H, Goya T, Shimosato Y. A review of 
79 thymomas: modification of staging system 
and reappraisal of conventional division into 
invasive and non-invasive thymoma. Pathol Int 
1994; 44: 359-67.

[5]	 Ströbel P, Bauer A, Puppe B, Kraushaar T, 
Krein A, Toyka K, Gold R, Semik M, Kiefer R, 
Nix W, Schalke B, Müller-Hermelink HK, Marx 
A. Tumor recurrence and survival in patients 
treated for thymomas and thymic squamous 
cell carcinomas: a retrospective analysis. J Clin 
Oncol 2004; 22: 1501-9.

[6]	 Rosai J, Sobin L. Histological typing of tumours 
of the thymus. In: Rosai J, Sobin L, editors. 
World Health Organization, International Histo-
logical Classification of Tumours. Berlin: 
Springer; 1999. pp. 9-14.

[7]	 Detterbeck FC, Stratton K, Giroux D, Asamura 
H, Crowley J, Falkson C, Filosso PL, Frazier AA, 
Giaccone G, Huang J, Kim J, Kondo K, Lucchi 
M, Marino M, Marom EM, Nicholson AG, Oku-
mura M, Ruffini E, Van Schil P; Staging and 
Prognostic Factors Committee; Members of 
the Advisory Boards; Participating Institutions 
of the Thymic Domain. The IASLC/ITMIG Thy-
mic Epithelial Tumors Staging Project: propos-
al for an evidence-based stage classification 
system for the forthcoming (8th) edition of the 
TNM classification of malignant tumors. J Tho-
rac Oncol 2014; 9 Suppl 2: S65-72. 

[8]	 Kondo K, Schil PV, Detterbeck FC, Okumura M, 
Stratton K, Giroux D, Asamura H, Crowley J, 
Falkson C, Filosso PL, Giaccone G, Huang J, 
Kim J, Lucchi M, Marino M, Marom EM, Nichol-
son AG, Ruffini E; Staging and Prognostic Fac-
tors Committee; Members of the Advisory 
Boards; Participating Institutions of the Thymic 
Domain. The IASLC/ITMIG Thymic epithelial tu-
mors staging project: proposals for the N and 
M components for the forthcoming (8th) edi-
tion of the tnm classification of malignant tu-
mors. J Thorac Oncol 2014; 9 Suppl 2: S81-7.

[9]	 Detterbeck FC, Asamura H, Crowley J, Falkson 
C, Giaccone G, Giroux D, Huang J, Kim J, Kondo 
K, Lucchi M, Marino M, Marom EM, Nicholson 
A, Okumura M, Ruffini E, van Schil P, Stratton 
K; Staging and Prognostic Factors Committee; 
Members of the Advisory Boards; Participating 
Institutions of the Thymic Domain. The IASLC/
ITMIG thymic malignancies staging project: de-
velopment of a stage classification for thymic 
malignancies. J Thorac Oncol 2013; 8: 1467-
73.

[10]	 Huang J, Ahmad U, Antonicelli A, Catlin AC, 
Fang W, Gomez D, Loehrer P, Lucchi M, Marom 
E, Nicholson A, Ruffini E, Travis W, Van Schil P, 
Wakelee H, Yao X, Detterbeck F; International 
Thymic Malignancy Interest Group Internation-
al Database Committee and Contributors. De-
velopment of the international thymic malig-
nancy interest group international database: 
an unprecedented resource for the study of a 
rare group of tumors. J Thorac Oncol 2014; 9: 
1573-8. 

[11]	 Nicholson AG, Detterbeck FC, Marino M, Kim J, 
Stratton K, Giroux D. Staging and prognostic 
factors committee; members of the advisory 
boards; participating institutions of the thymic 
domain. The IASLC/ITMIG thymic epithelial tu-
mors staging project: proposals for the T com-
ponent for the forthcoming (8th) edition of the 
TNM classification of malignant tumors. J Tho-
rac Oncol 2014; 9 Suppl 2: S73-80.

[12]	 Marulli G, Margaritora S, Lucchi M, Cardillo G, 
Granone P, Mussi A, Carleo F, Perissinotto E, 
Rea F. Surgical treatment of recurrent thymo-
ma: is it worthwhile? Eur J Cardiothorac Surg 
2016; 49: 327-32. 

[13]	 Sandri A, Cusumano G, Lococo F, Alifano M, 
Granone P, Margaritora S, Cesario A, Oliaro A, 
Filosso P, Regnard JF, Ruffini E. Long-term re-
sults after treatment for recurrent thymoma: a 
multicenter analysis. J Thorac Oncol 2014; 9: 
1796-804.

[14]	 Guerrera F, Rendina EA, Venuta F, Margaritora 
S, Ciccone AM, Novellis P, Novero D, Anile M, 
Bora G, Rena O, Casadio C, Mussi A, Evange-
lista A, Ruffini E, Lucchi M, Filosso PL. Does the 
World Health Organization histological classifi-
cation predict outcomes after thymomectomy? 
Results of a multicenter study on 750 patients. 
Eur J Cardiothorac Surg 2015; 48: 48-54. 

[15]	 Ried M, Potzger T, Sziklavari Z, Diez C, Neu R, 
Schalke B, Hofmann HS. Extended surgical re-
sections of advanced thymoma Masaoka stag-
es III and IVa facilitate outcome. Thorac Cardio-
vasc Surg 2014; 62: 161-8.

[16]	 Margaritora S, Cesario A, Cusumano G, Lococo 
F, Porziella V, Meacci E, Evoli A, Granone P. 
Single-centre 40-year results of redo operation 
for recurrent thymomas. Eur J Cardiothorac 
Surg 2011; 40: 894-900.

[17]	 Marulli G, Lucchi M, Margaritora S, Cardillo G, 
Mussi A, Cusumano G, Carleo F, Rea F. Surgical 
treatment of stage III thymic tumors: a multi-
institutional review from four Italian centers. 
Eur J Cardiothorac Surg 2011; 39: e1-7.

[18]	 Weksler B, Pennathur A, Sullivan JL, Nason KS. 
Resection of thymoma should include nodal 
sampling. J Thorac Cardiovasc Surg 2015; 
149: 737-42.

[19]	 Bhora FY, Chen DJ, Detterbeck FC, Asamura H, 
Falkson C, Filosso PL; Staging and Prognostic 



Efficacy of LND in thymomas

4367	 Int J Clin Exp Med 2019;12(4):4361-4367

Factors Committee; Advisory Boards. The IT-
MIG/ IASLC Thymic Epithelial Tumors Staging 
Project: a proposed lymph node map for thymic 
epithelial tumors in the forthcoming 8th edi-
tion of the TNM classification of malignant tu-
mors. J Thorac Oncol 2014; 9 Suppl 2: S88-96.

[20]	 Huang J. A new staging system for thymoma-
-will it improve outcomes? J Thorac Cardiovasc 
Surg 2016; 151: 20-2.

[21]	 Okuda K, Yano M, Yoshino I, Okumura M, Hi-
gashiyama M, Suzuki K, Tsuchida M, Usuda J, 
Tateyama H. Thymoma patients with pleural 
dissemination: nationwide retrospective study 
of 136 cases in Japan. Ann Thorac Surg 2014; 
97: 1743-8.

[22]	 Patel S, Macdonald OK, Nagda S, Bittner N, 
Suntharalingam M. Evaluation of the role of 
radiation therapy in the management of malig-
nant thymoma. Int J Radiat Oncol Biol Phys 
2012; 82: 1797-801.

[23]	 Hamaji M, Burt BM. Long-term outcomes of 
surgical and nonsurgical management of 
stage IV thymoma: a population-based analy-
sis of 282 patients. Semin Thorac Cardiovasc 
Surg 2015; 27: 1-3.

[24]	 Omasa M, Date H, Sozu T, Sato T, Nagai K, Yo-
koi K, Okamoto T, Ikeda N, Tanaka F, Maniwa Y; 
Japanese Association for Research on the Thy-
mus. Postoperative radiotherapy is effective 
for thymic carcinoma but not for thymoma in 
stage II and III thymic epithelial tumors: the 
Japanese Association for Research on the Thy-
mus Database Study. Cancer 2015; 121: 
1008-16.

[25]	 Kayata H, Isaka M, Ohde Y, Takahashi T, Hara-
da H. Complete resection of masaoka stage 
IVb thymic carcinoma after chemoradiothera-
py. Ann Thorac Surg 2017; 103: e5-e7.

[26]	 Viti A, Bertolaccini L, Terzi A. What is the role of 
lymph nodal metastases and lymphadenecto-
my in the surgical treatment and prognosis of 
thymic carcinomas and carcinoids? Interact 
Cardiovasc Thorac Surg 2014; 19: 1054-8.

[27]	 Yamada Y, Yoshino I, Nakajima J, Miyoshi S, 
Ohnuki T, Suzuki M, Nagayasu T, Iwasaki A, 
Okumura M. Japanese association for re-
search of the thymus. Surgical outcomes of 
patients with stage III thymoma in the Japa-
nese nationwide database. Ann Thorac Surg 
2015; 100: 961-7.

[28]	 Ahmad U, Yao X, Detterbeck F, Huang J, Antoni-
celli A, Filosso PL, Ruffini E, Travis W, Jones DR, 
Zhan Y, Lucchi M, Rimner A. Thymic carcinoma 
outcomes and prognosis: results of an interna-
tional analysis. J Thorac Cardiovasc Surg 
2015; 149: 95-100.

[29]	 Rimner A, Gomez DR, Wu AJ, Shi W, Yorke ED, 
Moreira AL, Rice D, Komaki R, Rosenzweig KE, 
Riely GJ, Huang J. Failure patterns relative to 
radiation treatment fields for stage II-IV thymo-
ma. J Thorac Oncol 2014; 9: 403-9.

[30]	 Safieddine N, Liu G, Cuningham K, Ming T, 
Hwang D, Brade A, Bezjak A, Fischer S, Xu W, 
Azad S, Cypel M, Darling G, Yasufuku K, Pierre 
A, de Perrot M, Waddell T, Keshavjee S. Prog-
nostic factors for cure, recurrence and long-
term survival after surgical resection of thy-
moma. J Thorac Oncol 2014; 9: 1018-22.

[31]	 Fernandes AT, Shinohara ET, Guo M, Mitra N, 
Wilson LD, Rengan R, Metz JM. The role of ra-
diation therapy in malignant thymoma A sur-
veillance, epidemiology, and end results data-
base analysis. J Thorac Oncol 2010; 5: 
1454-60.

[32]	 Chang JH, Kim HJ, Wu HG, Kim JH, Kim YT. 
Postoperative radiotherapy for completely re-
sected stage II or III thymoma. J Thorac Oncol 
2011; 6: 1282-6.

[33]	 Lim YJ, Kim HJ, Wu HG. Role of postoperative 
radiotherapy in nonlocalized thymoma: pro-
pensity-matched analysis of surveillance, epi-
demiology, and end results database. J Thorac 
Oncol 2015; 10: 1357-1363. 

[34]	 Zhou D, Deng XF, Liu QX, Zheng H, Min JX, Dai 
JG. The effectiveness of postoperative radio-
therapy in patients with completely resected 
thymoma: a meta-analysis. Ann Thorac Surg 
2016; 101: 305-10.

[35]	 Park IK, Kim YT, Jeon JH, Kim HS, Hwang Y, 
Seong YW, Kang CH, Kim JH. Importance of 
lymph node dissection in thymic carcinoma. 
Ann Thorac Surg 2013; 96: 1025-32; discus-
sion 1032.

[36]	 Weksler B, Shende M, Nason KS, Gallagher A, 
Ferson PF, Pennathur A. The role of adjuvant 
radiation therapy for resected stage III thymo-
ma: a population-based study. Ann Thorac 
Surg 2012; 93: 1822-8; discussion 8-9.


