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Abstract
Background  For thymic epithelial tumors (TETs), the National Comprehensive Cancer Network guideline has suggested that 
complete excision of the tumor should be performed without a preoperative biopsy when resectable. However, little evidence 
has been provided to support this strategy. The purpose of this study was to review our diagnostic process and to evaluate 
the validity of radical resection of anterior mediastinal masses (AMMs) without pathological confirmation.
Methods  A total of 254 patients underwent surgical resection for AMMs between 2004 and 2015. This study included 181 
patients with likely TETs according to clinical features, serum levels of tumor markers and autoimmune-antibodies, and radio-
logical findings. In addition, AMMs likely TETs were classified into resectable or unresectable tumors. We retrospectively 
reviewed the diagnostic process of those patients and validated surgical resection of AMMs without a definitive diagnosis.
Results  Among 254 patients, 181 were suspected of having a TET based on the serum levels of tumor markers and auto-
immune-antibodies and the radiological findings. Of them, 157 patients were deemed resectable and underwent surgical 
resection without histological confirmation, and 144 (92%) were diagnosed with TETs in the final pathological examinations. 
In 13 patients with non-TETs, the tumors were difficult to differentiate from TETs by imaging and clinical findings alone.
Conclusions  A total of 92% of patients suspected of having a TET and who underwent complete resection without patho-
logical confirmation were accurately diagnosed and properly treated. Surgical resection without a definitive diagnosis was 
feasible in patients suspected of having a TET when they were considered resectable.
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Introduction

Anterior mediastinal masses (AMMs) are the most com-
mon group of mediastinal tumors, with 54% of mediasti-
nal masses in the anterior compartment in a large series 
of patients [1], and 25–50% of AMMs are malignant, such 
as thymic epithelial tumors (TETs), malignant germ cell 
tumors (GCTs), and Hodgkin or non-Hodgkin lymphomas 
[2, 3]. Such malignant lesions require an early diagnosis and 
treatment. AMMs comprise a diverse group of tumors, and 

their appearances often vary. Although several articles have 
described the radiological findings [4–8], detailed studies 
reviewing the process for the differential diagnosis of AMMs 
have not yet been reported.

Treatment strategies of AMMs should be selected prop-
erly for each kind of tumor. For TETs, including thymoma 
and thymic carcinoma, excision of the tumor with total 
thymectomy is considered the mainstay treatment, and 
complete resection is the most important factor influenc-
ing a favorable outcome [9–11]. For benign AMMs such 
as mature teratoma or cystic diseases, surgical resection of 
the entire tumor mass is usually recommended, and vital 
structures such as great vessels should be preserved [12, 
13]. In contrast, the treatment approach for patients with 
malignant GCTs, such as seminoma and nonseminoma-
tous GCT (NSGCT), is different, and multimodal treatment 
including cisplatin-based chemotherapy followed by surgi-
cal resection of residual masses is employed as the standard 
treatment strategy [14]. Therefore, a pretreatment biopsy 
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for histological confirmation is essential for therapeutic 
decision-making. However, when patients are strongly sus-
pected of having TET according to the clinical features and/
or radiological findings, they often undergo surgical resec-
tion without histological confirmation [12, 13, 15]. This is 
because pneumothorax, bleeding, and tumor dissemination 
associated with a preoperative biopsy should be avoided [16, 
17]. The National Comprehensive Cancer Network (NCCN) 
guideline has also suggested this treatment strategy without 
a preoperative biopsy [18]. Nevertheless, little evidence con-
cerning this recommendation has been provided.

The purpose of this retrospective study was to assess 
our diagnostic process for AMMs and to evaluate the valid-
ity of radical resection of AMMs without pathological 
confirmation.

Patients and methods

Patients

This study was a retrospective review of patients with 
AMMs and was approved by the Institutional Review 
Board in Nagoya University Hospital (2014-0100). A total 
of 254 patients underwent surgical resection for AMMs at 
Nagoya University Hospital between 2004 and 2015. In 
these patients, 254 AMMs were diagnosed according to the 
clinical features and radiological findings by board-certified 
thoracic surgeons and radiologists. Patients suspected of 
having a mediastinal Hodgkin and non-Hodgkin lymphoma 
before resection were excluded from this cohort. These 
clinical features were age; the presence of paraneoplastic 
syndrome such as myasthenia gravis (MG), pure red cell 
aplasia (PRCA), and hypogammaglobulinemia; elevation of 
the serum level of tumor markers such as alpha-fetoprotein 
(AFP), beta human chorionic gonadotropin (β-hCG), and 
carcinoembryonic antigen (CEA); and the serum level of 
antiacetylcholine receptor antibody (ARAb). Concerning 
paraneoplastic syndrome, the presence of MG was diag-
nosed by neurologists based on an elevation in the serum 
level of ARAb (≥ 0.3 nmol/L), results of electromyogram, 
and associated symptoms, such as ptosis, double vision, limb 
muscle weakness, and dysphagia. Titers of serum tumor 
markers of β-hCG, AFP, and CEA were defined as positive 
at values over 5 IU/l, 10 ng/ml, and 5 ng/ml, respectively.

Radiological assessment

As radiological examinations, almost all patients underwent 
contrast-enhanced computed tomography (CT), and mag-
netic resonance imaging (MRI) was sometimes performed in 
patients with AMMs that consisted of mainly cystic lesions 
or who were suspected of having tumor invasion to the 

adjacent organs. In addition, when contrast-enhanced CT 
could not be performed because of patients’ allergy to con-
trast agents, MRI was performed alternatively. Fluorine-18 
fluorodeoxyglucose positron emission tomography/CT 
(FDG-PET/CT) was performed in most of the patients who 
had solid lesions and cystic lesions with thick walls on CT 
to differentiate not only benign tumors from malignant ones 
but also thymoma from thymic carcinoma [19, 20]. Supple-
mental Table 1 shows the clinical features and radiological 
findings referenced to distinguish AMMs [4–8, 20–27].

Diagnostic strategy

AMMs likely to be TETs were also classified into resect-
able or unresectable tumors by experienced thoracic sur-
geons. We defined resectable TETs as early-stage (stages I 
and II) tumors or stage III tumors with invasion to the lung 
and/or pericardium that were technically able to achieve 
complete resection easily [15, 28, 29]. Patients with resect-
able TETs underwent upfront resection without a histologi-
cal diagnosis. In contrast, those with unresectable TETs 
received a histological diagnosis via a CT-guided needle 
biopsy or video-assisted thoracic surgical (VATS) biopsy, 
and they underwent surgical resection following induction 
chemotherapy or chemo-radiotherapy [29]. Histologic clas-
sification was assessed according to the WHO classifica-
tion system [30]. The extent of disease was defined by the 
Masaoka-Koga surgico-pathological staging [31]. Patients 
suspected of having a thymoma without MG, thymic carci-
noma or neuroendocrine tumor usually underwent thymec-
tomy, while those suspected of having a thymoma with MG 
underwent extended thymectomy. When patients were sus-
pected of having a benign AMM such as mature teratoma 
or cystic diseases, they underwent surgical resection of the 
entire tumor mass.

Statistical analyses

Clinicopathological variables were tested using Pearson’s 
chi-squared and Fisher’s exact tests. Values of p < 0.05 were 
considered to be statistically significant. All analyses were 
performed using the StatMate-IV software package (ATMS; 
Tokyo, Japan).

Results

Figure 1 shows the diagnostic tree of the AMMs. At the 
first process, 254 patients with AMMs were classified into 
three groups according to the elevation of serum levels of 
tumor markers and ARAb and/or the presence of MG. Group 
GCT consisted of 8 patients suspected of having malignant 
GCTs who had elevated levels of serum tumor markers, 
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such as β-hCG and/or AFP. Group Thymoma consisted of 
51 patients suspected of having thymomas. They were diag-
nosed with MG preoperatively and/or had elevated serum 
levels of ARAb. Group Nonspecific AMM included the 
remaining 195 patients.

Most of the patients in the Group GCT were young men 
with a median age of 28 (range 18–69 years). A histological 
examination of the biopsied specimen of the eight patients 
showed four seminomas and four NSGCTs. The 51 patients 
in the Group Thymoma were suspected of having thymoma 
according to the presence of MG and/or elevation of the 
serum levels of ARAb at the first process.

At the second process, the remaining 195 AMMs (Group 
Nonspecific AMM) were classified into 130 suspected TETs 
(52%, Group Nonspecific TET) and 65 suspected non-TETs 
(26%, Group Nonspecific non-TET) based on the clinical 
features and/or radiological findings (Tables 1, 2 and Sup-
plemental Table 1). All 65 AMMs likely to be non-TETs 
in the Group Nonspecific non-TET underwent surgical 
resection without histological confirmation, and they were 
ultimately diagnosed as non-TET tumors, including 19 
mature teratomas, 16 thymic cysts, 9 bronchogenic cysts, 

6 pericardial cysts, 6 MALT (mucosa-associated lymphoid 
tissue) lymphomas, 3 thyroid tumors, and 6 others. Among 
19 patients suspected of having a mature teratoma, 12 (63%) 
were younger than 40 years of age. The 13 teratomas (53%) 
contained calcification on CT, and 18 (95%) consisted of 
multi-loculated cystic masses with thickened walls. Con-
cerning cystic diseases, such as thymic cyst, bronchogenic 
cyst and pericardial cyst, all patients were asymptomatic, 
and most of the cystic tumors consisted of monolobular 
nodules with thickened walls (94%) and non-enhancement 
(97%) on CT. MRI showed water intensity measurement 
in most cases (84%). Six patients were suspected of hav-
ing MALT lymphoma, and half of them had Sjögren’s syn-
drome. CT showed that all of them had a solid nodule with 
multilocular cysts. Eight patients were suspected of having 
malignant GCTs based on their age and/or the elevation of 
the serum levels of tumor markers.

At the third process, 51 AMMs suspected of being thy-
moma in the Group Thymoma and 130 AMMs suspected 
of being TET in the Group Nonspecific TET were clas-
sified into resectable or unresectable tumors. Forty-five 
AMMs in the Group Thymoma were evaluated as resectable 

Fig. 1   A schematic illustration of the diagnosis and treatment strategy 
for AMMs. AMM anterior mediastinal mass, MG myasthenia gravis, 
ARAb antiacetylcholine receptor antibody, AFP alpha-fetoprotein, 

β-hCG beta human chorionic gonadotropin, GCT​ germ cell tumor, 
TET thymic epithelial tumor
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thymomas (Group Resectable Thymoma), and 112 AMMs in 
the Group Nonspecific TET were also judged as resectable 
TETs (Group Nonspecific Resectable TET). They underwent 
complete resection without histological confirmation. Con-
sequently, 43 AMMs in the Group Resectable Thymoma and 
101 in the Group Nonspecific Resectable TET were diag-
nosed as TETs; the remaining 2 AMMs in the Group Resect-
able Thymoma and 11 in the Group Nonspecific Resectable 

TET were diagnosed as non-TETs. The TETs in the Group 
Resectable Thymoma consisted of 42 thymomas and 1 neu-
roendocrine tumor. The subtype of this thymic neuroendo-
crine tumor was atypical carcinoid, and the patient had slight 
elevation of serum ARAb but did not have any symptoms of 
MG. The TETs in the Group Nonspecific Resectable TET 
consisted of 76 thymomas, 18 thymic carcinomas, and 7 
neuroendocrine tumors, which were 6 atypical carcinoids 

Table 1   Clinical features and radiological findings of the patients suspected of having non-TETs

n n (%) 

Mature teratoma 19 Young age (<40 years old) 12 (63) 

CT findings

Internal foci of fat 10 (53) 

Calcification 13 (68) 

Multiloculated cystic mass with thickness walls 18 (95) 

Cystic disease 31 Asymptomatic 31 (100) 

Thymic cyst 16 CT findings

Bronchogenic cyst 9 Non-enhancement 30 (97) 

Pericardial cyst 6 Monolobular nodule with thin walls 29 (94) 

MRI findings

Water intensity measurements 26 (84) 

MALT lymphoma 6 Sjögren’s syndrome 3 (50) 

CT findings

Solid nodule with multilocular cysts 6 (100) 

Slight enhancement within solid lesion 3 (50) 

Malignant germ cell tumor 9 Young man (<40 years old) 7 (78) 

Seminoma 5 Elevation of serum level of AFP, β-hCG 8 (89) 

NSGCT 4 Giant mass 6 (67) 

CT findings

Heterogeneous enhancement 7 (78) 

FDG-PET findings

High accumulation in solid lesion 6 (67) 

Thyroid tumor 3 Hypercalcemia 1 (33) 

Thyroid goiter 1 CT findings

Thyroid cyst 1 Connected with thyroid gland 1 (33) 

Parathyroid tumor 1 99mTc-MIBI scintigram findings 

High accumulation in solid lesion 1 (33) 

Hemangioma 2 CT findings

Smooth or lobulated with sharp margins 2 (100) 

Heterogeneous enhancement 2 (100) 

Lymphangioma 1 CT findings

Smooth or lobulated with sharp margins 1 (100) 

Variable-sized cyst, not enhanced 1 (100) 

TETs thymic epithelial tumors, MALT mucosa-associated lymphoid tissue, AFP alpha-fetoprotein, hCG human chorionic gonadotropin, NSGCT​ 
nonseminomatous germ cell tumor, FDG-PET fluorine-18 fluorodeoxyglucose positron emission tomography, 99mTc-MIBI 99  m-technetium 
methoxy-isobutyl-isonitrile
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and 1 typical carcinoid. Of the 101 patients who belonged to 
Group Nonspecific Resectable TET and had been diagnosed 
with TETs pathologically, 78 were suspected of having a 
thymoma and 67 (86%) actually had a thymoma, 23 were 
suspected of having thymic carcinoma, and 13 (57%) had 
thymic carcinoma. No patients were suspected of having 
thymic carcinoid; however, seven patients were diagnosed 

with thymic carcinoid. The accuracy rates of the diagno-
ses of thymoma and thymic cancer were 90% and 85%, 
respectively.

The remaining 6 AMMs in the Group Thymoma were 
judged as unresectable thymomas (Group Unresectable 
Thymoma), and they underwent a CT-guided needle biopsy. 
All of them were ultimately diagnosed as thymomas and 

Table 2   Clinical features and 
radiological findings of the 
patients with TETs

TETs thymic epithelial tumors, MG myasthenia gravis, PRCA​ pure red cell aplasia, ARAb antiacetylcholine 
receptor antibody

n n (%)

Thymoma 132 Paraneoplastic syndromes 36 (27)
MG 32 (24)
PRCA​ 4 (3)
Hypogammaglobulinemia 0 (0)
Elevation of serum level of ARAb 48 (36)
Symptoms of compression and/or invasion 19 (14)
Chest pain 8 (6)
Cough 5 (3.7)
Fever up 4 (3)
SVC syndrome 2 (1.5)
CT findings 132 (100)
Oval and lobulated solid mass 132 (100)
Homogeneous enhancement 131 (99)
Cyst formation 32 (24)
Calcification 29 (22)
Invasion into great vessels and mediastinal structures 13 (9.8)
Association with pleural dissemination 7 (5.3)
FDG-PET findings 113 (86)
FDG accumulation (SUVmax) < 2/2–5/> 5 8/87/18 (7/78/16)

Thymic carcinoma 27 Symptoms of compression and/or invasion 9 (33)
Chest pain 5 (19)
Cough 3 (11)
SVC syndrome 1 (3.7)
CT findings 27 (100)
Irregular marginated mass 12 (44)
Invasion into great vessels and mediastinal structures 16 (59)
Calcification 6 (22)
Heterogeneous enhancement suspected of necrosis 10 (37)
Pleural or pericardial effusion 1 (3.7)
FDG-PET findings 25 (93)
FDG accumulation (SUVmax) < 2/2–5/> 5 0/6/19 (0/24/76)

Neuroendocrine tumor 9 Symptoms of compression and/or invasion 4 (44)
Chest pain 3 (33)
Hemosputum 1 (11)
CT findings 9 (100)
Large (> 5 cm) and lobulated mass 5 (56)
Heterogeneous enhancement suspected of necrosis 5 (56)
Invasion into great vessels and mediastinal structures 3 (33)
FDG-PET findings 7 (78)
FDG accumulation (SUVmax) < 2/2–5/> 5 0/3/4 (0/43/57)
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underwent induction chemotherapy. Among the 130 tumors 
in the Group Nonspecific TET, 18 were evaluated as unre-
sectable TETs (Group Nonspecific Unresectable TET) and 
underwent a CT-guided biopsy or VATS biopsy. The histo-
logical examinations of the 18 AMMs showed 8 thymomas, 
9 thymic carcinomas, and 1 neuroendocrine tumor, which 
was an atypical carcinoid. All of them underwent induc-
tion chemotherapies after histological confirmations. Eleven 
AMMs suspected of being resectable TETs in the Group 
Nonspecific TET were proven to be non-TETs, consisting 
of three MALT lymphomas, two thymic cysts, two mature 
teratomas, two bronchogenic cysts, and two thyroid tumors 
(Fig. 2).

Table 2 shows the clinical features and radiological 
findings of the 168 patients who were ultimately diag-
nosed with TETs. They consisted of 132 patients with 
thymoma in the Groups Thymoma and Nonspecific TET 

and 27 patients with thymic carcinoma and 9 patients with 
neuroendocrine tumor in the Groups Thymoma and Non-
specific TET. Among the 132 patients with thymoma, 32 
(24%) had MG, 4 (3%) had PRCA, and none had hypogam-
maglobulinemia. Forty-eight patients (36%) with thymoma 
had elevated serum levels of ARAb. In contrast, 94% of 
patients with MG and/or elevated serum levels of ARAb in 
the Group Thymoma were diagnosed with thymomas in the 
final histological examinations. Two tumors in the Group 
Resectable Thymoma were found to be thymic cysts. These 
two patients had slightly elevated serum ARAb titers (0.3 
and 3.7 nmol/L), but they had no MG symptoms. Among 
the patients with thymoma, 14% had symptoms associated 
with tumor compression and/or invasion to neighboring 
organs, while 33% patients with thymic carcinoma had 
any symptoms. Almost all of the thymomas were oval and 
lobular solid masses that were enhanced homogeneously 
on CT, while 44% of thymic carcinomas showed an irregu-
lar delineated mass, 59% showed invasion into the great 
vessels and mediastinal structures, and 37% had hetero-
geneous enhancement with areas of necrosis. Thirty-two 
thymomas (24%) were accompanied by cystic lesions, and 
29 (22%) had calcification. The frequency of thymomas 
with calcification was same as thymic carcinomas (22%). 
PET/CT revealed that 87 thymomas (78%) had an interme-
diate accumulation [maximum standardized uptake value 
(SUVmax): 2–5], while 76% of the thymic carcinomas had 
a high accumulation of FDG (SUVmax: > 5). The clinical 
features and radiological findings of the neuroendocrine 
tumors were similar to those of the thymic carcinomas. 
The patients with neuroendocrine tumors had chest pain 
and masses associated with necrosis and/or invasion into 
neighboring structures. On PET/CT, the tumors showed 
an intermediate accumulation.

Table 3 shows histological features and pathological stage 
of the patients with TETs, and compared the oncological 
outcomes between two groups with/without preoperative 
biopsy. Concerning thymoma, the patients with biopsy 
were significantly associated with type B2 or B3 tumor 
(p = 0.014) and with pathological stage III or IV (< 0.001). 
About thymic carcinoma, the patients with biopsy were cor-
related with pathological stage III or IV (p = 0.03). There-
fore, we confirmed that the patients with more advanced 
stage and more malignant histological subtype were selected 
properly and underwent preoperative biopsy.

These results showed that 222 AMMs suspected of being 
resectable TETs in the Groups Resectable Thymoma and 
Nonspecific Resectable TET and non-TETs in Group Non-
specific non-TET underwent complete resection without his-
tological confirmation. Among them, the 209 (94%) shown 
in the yellow box in Fig. 1 were diagnosed correctly before 
surgical resection according to our diagnostic process. For 
the TETs alone, 144 (92%) of the 157 patients suspected of 

Fig. 2   Non-TETs. a Contrast-enhanced CT showed that an oval nod-
ule was an enhanced solid lesion monotonously (A-1), and PET-CT 
revealed the intermediate accumulation of FDG in the nodule (A-2). 
Thymoma was suspected based on these radiographic findings. How-
ever, a pathological examination showed that it was a MALT lym-
phoma. b CT showed an oval cystic nodule that had a partially thick-
ened wall (B-1), and PET-CT revealed the slight accumulation of 
FDG in the wall (B-2). Cystic thymoma was suspected based on these 
radiographic findings. However, a pathological examination showed 
that it was a thymic cyst
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having TETs were accurately diagnosed, and they underwent 
complete resection without histological confirmation.

Discussion

The NCCN guidelines recommend that a surgical biopsy be 
avoided if resectable thymoma is strongly suspected based 
on clinical and radiological features [18]. However, the 
outcomes of surgical resection of AMMs likely to be TETs 
without a preoperative defined diagnosis have seldom been 
reported. To our knowledge, this is the first study reviewing 
patients suspected of having TETs who underwent resection 
without a preoperative diagnosis. The 222 patients suspected 
of having TETs or non-TETs underwent upfront resection 
without a preoperative diagnosis, and 209 (94%) were accu-
rately diagnosed according to our diagnostic process and 
achieved complete resection. In addition, there have been 
no reports regarding the accuracy of the diagnosis of AMM 
with a statistical analysis, it is, therefore, difficult to assess 
the acceptability of this diagnostic approach. However, Mor-
rissey et al. reported that the accuracy of a fine-needle aspi-
ration biopsy for AMM was 88% [32]. Therefore, we con-
sider that 94% of AMMs without pathological confirmation 
were accurately diagnosed, suggesting that surgical resection 
without a definitive diagnosis may be feasible.

Concerning the diagnostic process, we classified AMMs 
into three groups at the first process based on previous 
reports that 90% of NSGCTs were associated with elevated 
serum level of AFP and/or β-hCG [33–36] and that AMMs 
with MG and/or elevation of serum ARAb titer were almost 
always thymomas (about 98%) [21]. Most of the patients, 
whose serum AFP and/or β-hCG were marked elevated, 

were suspected of having GCT and they underwent CT-
guided biopsy because all cases were not considered urgent 
cases based on their physical conditions and radiological 
findings. Concerning the elevation of serum ARAb titer, pre-
vious reports were consistent with the results of this study 
[21]. In addition, we classified the AMMs in Group Nonspe-
cific AMM into suspected TETs and non-TETs at the second 
process. All cases of suspected non-TET were confirmed to 
not be TETs; however, 11 (8.5%) cases of suspected TETs 
in Group Nonspecific TET were found to be non-TETs. MRI 
is considered to be the most useful imaging modality for 
distinguishing cystic from solid lesions [8]. However, in the 
present study, we found it difficult to distinguish cystic non-
TETs from cystic thymoma based on the radiological find-
ings alone. The distinction of cystic AMMs with thick walls 
remains an issue to be resolved.

Resection of AMMs deemed likely to be TETs without 
a preoperative biopsy is thought to be reasonable for four 
reasons. First, the accuracy of the radiological diagnosis of 
AMMs containing TETs has been improved by the wide-
spread use of detection tools such as multi-slice spiral CT, 
MRI, and PET-CT in recent years. Travani et al. reported 
that PET-CT and helical multidetector CT (MDCT) were 
useful for the differential diagnosis between TETs and 
benign lesions [37]. They found that PET-CT showed a 
positive predictive value (PPV) and negative predictive 
value (NPV) relative to the malignant or benign nature 
of the lesion of 92.3% and 100%, respectively. MDCT 
showed a PPV and NPV of 100% and 80%, respectively. 
Second, not undergoing a preoperative routine biopsy can 
avoid complications such as pneumothorax, bleeding, and 
tumor dissemination. Pneumothorax after a CT-guided 
percutaneous biopsy has a reported incidence of 10–60% 

Table 3   Histological type 
and pathological stage of the 
patients with TETs

Sq squamous cell carcinoma

n With biopsy (%) Without biopsy (%) p value

Thymoma Total 132 14 (11) 118 (89)
Histological type A/AB/B1 72 3 (21) 69 (58) 0.014

B2/B3 54 11 (79) 43 (36)
Others 6 0 (0) 6 (5.1)

p-Masaoka-Koga stage I/II 110 5 (36) 105 (89) < 0.001
III/IV 22 9 (64) 13 (11)

Thymic carcinoma Total 27 9 (33) 18 (67)
Histological type Sq 27 9 (100) 18 (100)
p-Masaoka-Koga stage I/II 9 0 (0) 9 (50) 0.03

III/IV 18 9 (100) 9 (50)
Neuroendocrine tumor Total 9 1 (11) 8 (89)
Histological type Typical carcinoid 1 0 (0) 1 (13) 0.71

Atypical cartinoid 8 1 (100) 7 (88)
p-Masaoka-Koga stage I/II 4 0 (0) 4 (50) 0.34

III/IV 5 1 (100) 4 (50)
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[16]. Some cases of tumor dissemination after a biopsy 
have also been reported [17]. Therefore, a biopsy of a pos-
sible TET should avoid a transpleural approach. Third, the 
adult thymus shows involution with fat replacement and is 
thought to be non-functional for human activity of daily 
life [38]. In addition, the surgical approach via thymec-
tomy has become less invasive with the recent introduction 
of VATS and robotic-assisted thoracoscopic surgery [39]. 
Finally, according to a survey of current practice among 
members of the European Society of Thoracic Surgeons 
(ESTS) in 44 centers, 91% of institutions did not routinely 
confirm the histological diagnosis when thymoma was 
suspected [15]. This report indicates that many thoracic 
surgeons with experience agree with resection thymoma 
without histological confirmation.

In the present study, the 11 patients (8.5%) suspected of 
having TETs in Group Nonspecific TET underwent resec-
tion and were found to have non-TETs. These nodules, 
which include cystic lesions and MALT lymphomas, are 
sometimes difficult to distinguish from TETs based solely 
on radiological findings because of the thick wall around 
the nodule or the heterogeneous accumulation of FDG in 
the nodule (Fig. 2). For the six patients with thymic cyst 
or bronchogenic cyst, in particular, surgical resection was 
likely unnecessary and resulted in overtreatment. How-
ever, Morrissey et al. reported that the diagnostic accu-
racy of a percutaneous biopsy for a mediastinal mass was 
77–94% [32]. If those six patients with cystic non-TETs 
had undergone a preoperative biopsy, it seemed difficult 
that they were diagnosed correctly and avoided unneces-
sary surgical treatment.

There are some limitations associated with our retro-
spective study. First, the number of study cohorts was not 
very large, and this study was performed at a single insti-
tution. Second, this study did not include patients with 
mediastinal lymphoma. Those patients underwent only a 
percutaneous biopsy of the tumor to plan chemotherapy, 
no surgical resection. Therefore, the clinical features and/
or radiological findings of lymphoma in the anterior medi-
astinum were not examined in this study.

In conclusion, our analysis suggests that 94% of the 
patients with AMMs suspected of being TETs or non-TETs 
who underwent complete resection without a biopsy were 
accurately evaluated according to our diagnostic process. 
We, therefore, consider the recommendation of the NCCN 
guideline feasible provided the preoperative information 
is evaluated properly.
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