
20

Articles

www.onk.ns.ac.rs/Archive Vol 23, No. 2, 2017

Arch Oncol 2017;23(2):20-24.

DOI: https://doi.org/10.2298/AOO1702020L  

UDC: 616.24-002.7-

073.7(497.113)"2005/2014"  

1 University of Novi Sad, Faculty of 
Medicine, Institute for Pulmonary 

Diseases of Vojvodina, Department of 
Pathology, Sremska Kamenica, Serbia

2 General Hospital, Department of 
Pathology, Vrbas, Serbia

3 University of Novi Sad, Faculty of 
Medicine, Institute for Pulmonary 

Diseases of Vojvodina, Department of 
Thoracic Surgery, Sremska Kamenica, 

Serbia

Correspondence to: 
Aleksandra Lovrenski, MD, PhD, 

Assistant Professor 
aleksandra.lovrenski@mf.uns.ac.rs 

Received 11. 21. 2017. 
Accepted 01. 29. 2018.

INTRODUCTION
Thymomas are rare neoplasms arising from tissue elements of the thy-
mus and developing in the anterior mediastinum with an annual incidence 
of only 0.15 cases per 100.000 person-years (1,2). They can be associ-
ated with a variety of systemic and autoimmune disorders, such as pure 
red cell aplasia, pancytopenia, hypogammaglobulinemia, collagen-vascu-
lar disease, and most commonly with myasthenia gravis (3-6). Although 
they appear in all age groups, the highest frequency of occurrence is in 
people over the age of 40 years. They occur in both genders equally (1).
Grossly, most thymomas are sharply demarcated, pale gray, oval, lobular 
masses that may be a different size and weight. On cross section, one can 
often observe secondary changes in the form of cysts, dystrophic calci-
fications and hemorrhage. Mostly, they show a slow, expansive growth, 
but some of them invade surrounding tissues and give metastases when 
they have the characteristics of malignant tumors (7).
According to the current histological classification, thymomas are classi-
fied into three types: type A, type B and type AB (1,8).
Type A thymomas are constructed from the spindle-shaped epithelial cells 
with pale nuclei and invisible nucleoli, arranged in swirling formations and 
bundles. Often, at the periphery of lobule one can find microcystic and 
glandular formations, and sometimes pseudorosets (Figure 1). The lym-
phocytes are present in very small numbers.
Type B thymomas are divided into three subtypes. Subtype B1 is 
characterized by predominance of lymphocytes and inconspicuous 
epithelial component made of oval cells with small pale nuclei and 
prominent nucleoli (Figure 2). Subtype B2 is made of conspicuous 
epithelial component of oval cells with vesicular nuclei and centrally

Figure 1. Thymoma type A (HE stain, magnification 20)

Figure 2. Thymoma subtype B1 (HE stain, magnification 20)
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placed nucleoli (Figure 3). Lymphocytic component is still abundant, but 
less than in the case of B1 subtype. Subtype B3 ("well-differentiated thy-
mic carcinoma") is built of polygonal epithelial cells with mild to moderate 
atypia, as well as mitotic figures.
Type AB thymomas are transitional histological types of thymoma which 
contain the main features of thymoma type A and type B (Figure 4).

Figure 3. Thymoma subtype B2 (HE stain, magnification 20)

Figure 4. Thymoma type AB (HE stain, magnification 40)

Histologically, thymomas show morphological variations and they were 
described as: cystic thymomas (tumors with multiple cystic cavities filled 
with clear or hemorrhagic fluid), thymomas with a predominance of plas-
ma cells, clear cell thymomas (tumors made   of cells rich in glycogen), 
thymomas with pseudosarcomatous stroma (metaplastic thymomas), 
microscopic thymomas (size less than a 1 millimeter), sclerosing thy-
momas (tumor foci lined with sclerotic connective tissue) and so on (1). 
It is important to emphasize that each histological type of thymoma can 
be associated with the invasion of the capsule, pleural and pericardial 
implants, as well as distant metastases, therefore the term malignant 
thymoma is appropriate (1,8).
The setting of diagnosis is based on patient’s history, clinical symptoms, 
objective examination, appropriate radiological diagnostic procedures 
and, finally, pathohistological analysis. The use of cytological, as well as 
immunohistochemical analysis is rarely necessary (7).

The aim of our study was to analyze the clinical characteristics of patients 
with pathohistologically diagnosed thymoma, as well as morphological 
characteristics and histological types of this neoplasm.

MATERIAL AND METHODS
A retrospective review of The Institute for pulmonary diseases of 
Vojvodina database was performed from January 2005 to December 
2014. Data were collected from the hospital records. 
The study included 41 patients with pathohistologically diagnosed thy-
moma. Biopsy materials were obtained by sternotomy, video assisted 
thoracoscopic surgery (VATS) and video-assisted mini thoracotomy. All 
tissue samples, obtained with one of the above methods, were fixed in 
10% neutral formalin and then embedded in paraffin, cut on microtome 
in 4 mm tissue slices, and then stained with routine hematoxylin-eosin 
(HE) method. In our study, diagnosis of the most cases of thymomas 
was based on pathohistological analysis of routine HE stained sections. 
Since cytological and immunohistochemical analyses were applied in the 
minority of cases they were not considered relevant for this study.
All tumors were classified according to WHO's International Histological 
Classification of thymic tumors as type A, AB and B (with subtypes B1, 
B2 and B3), based on the predominant cell type (8). Surgical and histo-
logical data were used to stage patients according to the clinical staging 
system devised by Masaoka and colleagues: stage I (fully encapsulated 
tumors), stage IIA (tumors with microscopic invasion of the capsule), 
stage IIB (tumors with macroscopic invasion of the capsule), stage III 
(tumors with macroscopic invasion of adjacent organs), stage IVA (pleu-
ral or pericardial implants) and stage IVB (tumors with hematogenous 
or lymphatic dissemination) (9). Collected clinical data included demo-
graphic information, such as age and sex, and presenting symptoms. 
Surgical data included surgical approach, procedure performed and the 
presence or absence of tumor invasion.

RESULTS
Patient age ranged from 19 to 77 years (Mean = 45.6 years). A slight 
female preponderance was detected, with 24 (58.5%) females and 17 
(41.5%) males being affected.
In one third of patients thymomas were asymptomatic (33.2%). In all 
asymptomatic patients the diagnosis was made as the result of an inci-
dentally discovered mass on a chest radiograph. Among symptomatic 
patients, dyspnea was the most common presenting complaint (33.2% 
patients). Symptoms consistent with myasthenia gravis accounted for 
the second most frequent presentation affecting 25.9% patients. Patients 
also complained on cough (22.2%), had chest pain (18.6%), dysphagia 
(11.1%) and fatigue (7.4%). Fever was noted in 3.7% patients.
Forty patients underwent preoperative investigations. One patient died 
before investigations could be performed, but malignant thymoma was 
diagnosed on autopsy. Of the 40 patients that underwent investigations, 
two did not undergo surgery. In those patients surgical intervention was 
not attempted because of pleural and pericardial metastases diagnosed 
by VATS. VATS and extirpation of tumor mass were performed at 10 
patients. Sternotomy with thymectomy was performed at 19 patients, 
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while video- assited mini thoracotomy with extirpation of tumor was per-
formed at 9 patients. All of the 41 chest radiographs obtained were posi-
tive for tumor mass. Computed tomography was performed in all cases; 
all the scans demonstrated tumor mass, and in 7 scans invasion was 
clearly identified (Figure 5).

Figure 5. Contrast-enhanced chest CT: Sagittal-plane multiplanar reconstruction 
showing thymoma (T) and its pericardial infiltration (arrow)

Three tumors were microscopic with multifocal involvement. In the 
remaining patients, tumors ranged in size from 1–16 cm in maximum 
dimension (Mean = 8.2 cm). In seven patients tumor diameter was from 
1 - 5 cm, in 23 patients tumor diameter was from 5 - 10 cm, in 5 patients 
tumor diameter was from 10 - 15 cm, and one patient had a tumor with 
diameter over 15 cm. At two patients with Masaoka stage IVA, the size 
of the tumor could not be measured because   only exploration and biopsy 
of the tumor mass without removing the tumor was performed. Disease 
staging by Masaoka's system was as follows: stage I, 31 (75.6%) 
patients; stage IIA, 2 (4.9%) patients; stage IIB, 4 (9.7%) patients; stage 
III, 2 (4.9%) patients; stage IVA, 2 (4.9%) patients.
Different histologic types and morphologic variation of tumors were 
detected. Histological type A thymoma was detected in 10 patients 
(24.5%), subtype B1 in 14 patients (34.1%), subtype B2 in 4 patients 
(9.7%), and intermediate histologic type AB in 7 patients (17.1%). 
Microscopic thymoma was detected in 3 patients (7.3%), and metaplastic 

variation of tumor in 2 patients (4.9%). Cystic thymoma was diagnosed 
in only one patient (2.4%). 
In relation to the histological type, all types except subtype B1 thymoma 
occurred more frequently in men. Patients with type A thymoma were 
the oldest (Mean = 59 years), whereas patients with subtype B2 were 
youngest, and their average age was 31 years. Patients with type A and 
subtype B1 thymoma were most often asymptomatic, whereas patients 
with subtype B2 and type AB commonly presented with dyspnea, dys-
phagia, chest pain and cough. Myasthenia gravis was mostly associated 
with thymoma in patients with thymoma type A (40%) and in patients 
with thymoma type AB (20%), while at the remaining types of thymomas 
myasthenia was not present. The most common types of thymomas that 
showed signs of capsular invasion or pleural and pericardial implants 
were type AB (60%) and subtype B2 (50%) (Table 1).

DISCUSSION
Thymoma, a rare neoplasm arising from the epithelial cells of the thymus 
gland is variable in its presentation ranging from an asymptomatic inci-
dental finding on chest radiography to signs and symptoms consistent 
with a local mediastinal disorder, and an unusual paraneoplastic syn-
drome (3-6). The majority of patients in our study (66.8%), as well as in 
other studies hadsymptomatic disease (10). Symptoms consistent with 
myasthenia gravis accounted for the second most frequent presentation 
affecting 25.9% of our patients. Previous studies have found a higher inci-
dence of myasthenia gravis in thymoma patients, ranging from 30%–60% 
(11-13). Alexiev et al. highlighted the fact that myasthenia gravis is the 
most common symptom in patients with subtype B2 thymoma, but our 
data showed that the most common type of thymoma associated with 
myasthenia gravis was type A (14). According to literature, in about 
30-50% of patients thymomas are discovered accidentally, because 
patients have no symptoms. On the other hand, if symptoms occur, they 
are usually result of the pressure on the surrounding structures and mani-
fest in the form of cough, pain in the mediastinum, dysphagia, hoarse-
ness or recurrent respiratory infection (7). Also, one third of patients had 
symptoms of paraneoplastic syndrome: myasthenia gravis, aplasia of the 
red bloodline, hypogammaglobulinemia, thyroiditis, and systemic lupus 
erythematosus (8).

Table 1. Clinical and morphological characteristics of patients and tumors in relation to histological type

Histological
type/subtype of the 

tumor
Patient's Gender

The average patient's 
age Clinical symptoms

Association with 
myasthenia gravis

The average size of 
the tumor Malignancy

A M 60% 
F 40%

57.0  60% asymptomatic 40% 4.7 cm 20%

AB
M 80% 
F 20%

39.6
80% dyspnea, chest 

pain, dysphagia
20% 7.8 cm 60%

B1 F 67% 
M 33%

47.6 60% asymptomatic / 7.9 cm /

B2 M 100% 30.0
100% dyspnea, 

chest pain, cough
/ 7.5 cm 50%
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The average age of our patients was 45.6 years. Of the 41 patients, 30 
were older than 40 years, which confirm the fact that the tumor predomi-
nantly occurs in people older than 40 years. This is consistent with results 
of Alexiev et al. in whose study the average age of patients was 46.5 
years, while in research of Safieddine et al. average age ranged from 32 
to 77 years (mean 55 yr) (14,15). In our study in the majority of cases 
(58.5%) the tumor has occurred in females compared to males (41.5%). 
This is consistent with study of Safieddine et al. who reported a slight 
female preponderance, with 38 (58%) females and 27 (42%) males being 
affected (15). In regard to histological type of the tumor, all types except 
type B1 occurred more frequently in men.
Chest radiography and CT scan of the thorax were the most commonly 
performed radiological methods. Computed tomography and chest radi-
ography were performed in all cases. All scans demonstrated tumor 
mass, and 7 of 8 scans in patients with invasive thymomas correctly 
identified tumor invasion. The most common and the most preferred 
operative method was sternotomy, used in 50% of cases. 
According to previous clinical and pathological studies, the clinical stage 
of the tumor (determined by the degree of encapsulation and presence 
of invasion or metastases), has been a more reliable prognostic indica-
tor then pathohistological finding, with the staging system of Masaoka 
being the most commonly applied (9). In our study, three tumors were 
microscopic with multifocal involvement. In the remaining patients, 
tumors ranged in size from 1–16 cm in maximum dimension (Mean 
= 8.2 cm), and disease staging by Masaoka's system was as follows: 
stage I, 31 (75.6%) patients; stage IIA, 2 (4.9%) patients; stage IIB, 4 
(9.7%) patients; stage III, 2 (4.9%) patients; stage IVA, 2 (4.9%) patients. 
According to literature data, tumors ranged in size from 1.5–16 cm in 
maximum dimension (Mean = 8.8 cm), and in patients having myasthe-
nia gravis, tumor size averaged 7.8 cm. Disease staging by Masaoka's 
system was as follows: stage I, 23 (35%) patients; stage II, 13 (20%) 
patients; stage III, 19 (29%) patients; stage IV, 10 (15%) patients (14).
In our study, the most common histologic type of thymoma was subtype 
B1, which was diagnosed in 14 patients (34.1%), followed by types A in 
10 patients (24.5%) and AB in 7 patients (17.1%). Three patients (7.3%) 
had microscopic thymoma, while the subtype B2 was found in 4 patients 
(9.7%). One patient (2.4%) had cystic thymoma, and metaplastic histo-
logic variation of the tumor was found in 2 patients (4.9%). According to 
WHO, the most common histological types were subtype B2 thymoma 
and type AB, which are represented by the average of 20-35% each, 
while subtype B1 and type A were less common and represented by an 
average of 5-10% each (8). As noted above, each histological type of 
thymoma can be associated with the invasion of the capsule, pleural and 
pericardial implants, as well as distant metastases, and for these tumors 
the term malignant thymoma is appropriate (1,8). According to WHO, 
behavior of type A and type AB is usually benign, subtype B1 has a low 
malignant potential (ten-year survival is 90%), subtype B2 is a medium 
in malignancy, while subtype B3 is one of the well-differentiated thymic 
carcinomas and has the worst prognosis (8).
Of all patients included in the study, 8 (19.5%) had malignant thymoma, 
while the remaining 33 (80.5%) patients had benign thymoma. Three 
malignant tumors measured between 5 and 10 cm each, two were 

between 10 and 15 cm, while one measured over 15 cm. In two patients 
with Masaoka stage IVA disease, tumor diameter was not available since 
extirpation of the tumor has not been done, (only biopsy in order to estab-
lish diagnosis). In relation to the histological type two malignant thymoma 
were type AB, two were type B2, two were type B1, one was type A, while 
one malignant tumor presented as metaplastic histologic variation.
According to the literature, there is a correlation between the incidence of 
infiltrative thymoma and patient`s age. It was observed that the malignant 
thymomas more commonly affected elderly patients, which was not the 
case in our study (14). Eight of our patients with malignant thymoma were 
of different ages: the youngest patient was 30 years old, other were 35, 
42, 47, 53, 56 and 59 and the oldest one was 77 years old.
The diagnosis of thymoma is not simple. Diagnostic dilemmas are 
diverse: hyperplasic thymus tissue, cancers (usually in relation to the 
subtypes B2 and B3), lymphomas (usually based on the subtype B1), 
solitary fibrous tumors and synovial sarcomas (compared to type A), 
carcinosarcomas (compared to metaplastic thymoma) and virtually all 
tumors of the mediastinum must be included in differential diagnosis. 
Also, differentiation and classification of certain histological type of thy-
moma is a common problem (8).
Computed tomography is the first choice technique to characterize 
mediastinal mass with regard to its anatomic dissemination and invasion, 
as well as distant metastases (16). In our hospital in tumors suspicious 
of thymoma, a fine-needle aspiration (FNA) has not been routinely 
performed, due to problematic histological differentiation between thy-
momas, lymphomas, and thymic hyperplasia, small volumes of obtained 
tissue samples, as well as possibility of seeding malignant cell during 
procedure (17). 
Median sternotomy is the surgical approach of choice for complete surgi-
cal resection, and it is especially effective for stage I thymomas without 
any further treatment. Video-assisted thoracoscopic surgery with extirpa-
tion of tumor mass is effective alternative procedures for noninvasive thy-
momas. A complete thymectomy should always be performed if possible, 
because simple extirpation may result in recurrence (18,19). According to 
a multicenter study by Kondo and Monden (1320 patients), total resection 
is the most important prognostic factor for survival: the 5-year survival 
rate of Masaoka stages III and IV thymomas is 92.9% after total resec-
tion versus 64.4% (p < 0.001) after subtotal resection versus 35.6% if 
inoperable (20). Wright and associates showed that recurrence rates after 
complete resection vary between 11% and 19% and correlated with stage: 
WHO tumor type A and AB 0%, B1 and B2 8%, B3 27% and C 50% (21). 
Stage of disease, histologic type, size and extent of the tumor are con-
sidered significant, independent prognostic factors on long-term disease-
free survival in the majority of studies reviewed (22,23). According to 
the Masaoka system, fully encapsulated tumors (stage I), tumors with 
microscopic (stage IIA) and macroscopic invasion of the capsule (stage 
IIB) have a good prognosis and five-year survival rate of 100%. Tumors 
with macroscopic invasion of adjacent organs (stage III) have a poor 
prognosis although they may be resectionable, while tumors with pleural 
and pericardial implants (stage IVA) and tumors with hematogenous 
or lymphatic dissemination (stage IVB) are not resectionable and have 
extremely bad prognosis (9). Tumor size is an independent prognostic 
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factor for outcome in thymoma patients. This statement is supported by 
a single-center study of 179 patients by Wright and colleagues, finding a 
critical tumor size (≥ 8 cm) to be an independent predictor for recurrence 
(24). The prognostic value of myasthenia gravis (MG) in thymomas is 
controversial in the literature. In a multicenter study, Kondo and Monden 
found that thymomas associated with MG seem to behave less aggres-
sively, as thymomas associated with MG are diagnosed at an earlier stage 
and have lower recurrence rates, so myasthenia gravis can serve as a 
positive prognostic factor for the outcome of thymomas (20). 
In conclusion, the diagnosis of thymoma is not simple. Computed tomog-
raphy is the first choice method to characterize mediastinal mass, as well 
as distant metastases. Median sternotomy is the surgical approach of 
choice for complete surgical resection. Diagnosis of the most cases of 
thymomas by pathologist can be done usually by analysis of routine HE 
stained sections, while cytological and immunohistochemical analysis 
can be applied in cases when pathologist has a diagnostic dilemma. 
Stage of disease, histologic type, size and extent of the tumor are consid-
ered significant, independent prognostic factors.

Conflict of Interest 
Authors declare no conflicts of interest

REFERENCES
 1 Cheuk W, Chan JKC. Tumors of the thymus. In: Fletcher C (Ed): Diagnostic 

Histopathology of Tumors (4th Edn). Churchill Livingstone, Inc. 2013, pp 1315-63.

 2 Scorsetti M, Leo F, Trama A, D’Angelillo R, Serpico D, Macerelli M, Garassino 

MC. Thymoma and thymic carcinomas. Critical Reviews in Oncology/Hematology 

2016;99:332-350. doi:10.1016/j.critrevonc.2016.01.012.

 3 Hon C, Chui W, Cheng L, Shek TW, Jones BM, Au WY. Thymoma associated with 

keratoconjunctivitis, lichen planus, hypogammaglobinemia, and absent circulat-

ing B cells. Journal of Clinical Oncology 2006;24(18):2960-2961. doi:10.1200/

jco.2005.04.3133.

 4 Miyakis S, Pefanis A, Passam FH, Christodulakis GR, Roussou PA, Mountokalakis 

TD. Thymoma with immunodeficiency (Good's syndrome): Review of the literature 

apropos three cases. Scandinavian Journal of Infectious Diseases 2006;38(4):314-

320. doi:10.1080/00365540500372663.

 5 Moran CA, Weissferdt A. Staging of thymic epithelial neoplasms: Thymoma 

and thymic carcinoma. Pathology - Research and Practice 2015;211(1):2-11. 

doi:10.1016/j.prp.2014.06.007.

 6 Skeie GO, Apostolski S, Evoli A, Gilhus NE, Hart IK, Harms L, Horge HW. 

Guidelines for the treatment of autoimmune neuromuscular transmission disor-

ders. European Journal of Neurology 2006;13(7):691-699. doi:10.1111/j.1468-

1331.2006.01476.x.

 7 Hamaji M, Burt BM. Long-Term Outcomes of Surgical and Nonsurgical 

Management of Stage IV Thymoma: A Population-Based Analysis of 282 Patients. 

Seminars in Thoracic and Cardiovascular Surgery 2015;27(1):1-3. doi:10.1053/j.

semtcvs.2015.02.005.

 8 Muller-Hermelink HK, Engel P, Kuo TT, Ströbel P, Marx A, Harriset (, et al. . Tumours 

of the thymus. In: Travis WD, Brambilla E, Muller-Hermelink HK, Harris CC. , edi-

tors. Tumours of the lung, pleura, thymus, and heart: World Health Organization 

Classification of Tumours. Lyon, France: IARC Press. 2015. pp 146-71.

 9 Masaoka A, Monden Y, Nakahara K, Tanioka T. Follow-up study of thymomas with 

special reference to their clinical stages. Cancer 1981;48(11):2485-2492. doi: 

10.1002/1097-0142(19811201)48:11<2485::aid-cncr2820481123>3.0.co;2-r.

10 Hazzard C, Kaufman A, Flores R. Mediastinal Tumors. In: IASLC Thoracic Oncology. 

2018. pp 550-4.e1. (Second Edition).

11 Gilhus NE, Verschuuren JJ. Myasthenia gravis: subgroup classification and thera-

peutic strategies. The Lancet Neurology 2015;14(10):1023-1036.  doi:10.1016/

s1474-4422(15)00145-3.

12 Meriggioli MN, Sanders DB. Autoimmune myasthenia gravis: emerging clinical and 

biological heterogeneity. The Lancet Neurology 2009;8(5):475-490. doi:10.1016/

s1474-4422(09)70063-8.

13 Yu L, Zhang X, Ma S, Li F, Zhang Y. Thoracoscopic Thymectomy for Myasthenia 

Gravis With and Without Thymoma: A Single-Center Experience. Annals of Thoracic 

Surgery 2012;93(1):240-244. doi:10.1016/j.athoracsur.2011.04.043.

14 Alexiev BA, Drachenberg CB, Burke AP. Thymomas: a cytological and immuno-

histochemical study, with emphasis on lymphoid and neuroendocrine markers. 

Diagnostic Pathology 2007;2(1):13. doi:10.1186/1746-1596-2-13.

15 Safieddine N, Liu G, Cuningham K, Ming T, Hwang D, Brade A, Waddell T. 

Prognostic Factors for Cure, Recurrence and Long-Term Survival After Surgical 

Resection of Thymoma. Journal of Thoracic Oncology 2014;9(7):1018-1022. 

doi:10.1097/jto.0000000000000215.

16 Qu Y, Liu G, Shi H, Liao M, Yang G, Tian Z. Preoperative CT Findings of Thymoma 

are Correlated with Postoperative Masaoka Clinical Stage. Academic Radiology 

2013;20(1):66-72. doi:10.1016/j.acra.2012.08.002.

17 Zakowski MF, Huang J, Bramlage MP. The Role of Fine Needle Aspiration Cytology in 

the Diagnosis and Management of Thymic Neoplasia. Journal of Thoracic Oncology 

2010;5(10):281-285. doi:10.1097/jto.0b013e3181f23e19.

18 Cheng Y, Kao E, Chou S. Videothoracoscopic resection of stage II thymoma: 

prospective comparison of the results between thoracoscopy and open methods. 

Chest 2005;128(4):3010-3012. doi:10.1378/chest.128.4.3010.

19 Iablonski PK, Pishchik (, Nuraliev SM. Comparative assessment of the effective-

ness of traditional and videothoracoscopic thymectomies in complex treatment of 

myasthenic thymomas. Vestn Khir Im II Grek 2005 164:38–42.

20 Kondo K, Monden Y. Therapy for thymic epithelial tumors: a clinical study of 

1,320 patients from Japan. Annals of Thoracic Surgery 2003;76(3):878-884. 

doi:10.1016/s0003-4975(03)00555-1.

21 Wright CD, Choi NC, Wain JC, Mathisen DJ, Lynch TJ, Fidias P. Induction 

Chemoradiotherapy Followed by Resection for Locally Advanced Masaoka Stage 

III and IVA Thymic Tumors. Annals of Thoracic Surgery 2008;85(2):385-389. 

doi:10.1016/j.athoracsur.2007.08.051.

22 Zhou D, Deng X, Liu Q, Zheng H, Min J, Dai J. The Effectiveness of Postoperative 

Radiotherapy in Patients With Completely Resected Thymoma: A Meta-Analysis. 

The Annals of Thoracic Surgery 2016;101(1):305-310. doi:10.1016/j.athorac-

sur.2015.06.034.

23 Suster S, Moran CA. Mini-Symposium: Pathology of the mediastinum. Problems 

in the classification of thymoma. Diagnostic Histopathology 2010;16(5):221-227. 

doi:10.1016/j.mpdhp.2010.03.004.

24 Wright CD, Wain JC, Wong DR, Donahue DM, Gaissert HA, Grillo HC, Mathisen DJ. 

Predictors of recurrence in thymic tumors: Importance of invasion, World Health 

Organization histology, and size. Journal of Thoracic and Cardiovascular Surgery 

2005;130(5):1413-1421. doi:10.1016/j.jtcvs.2005.07.026.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2930778/#R29

