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Background: Thymic epithelial tumors (TETs) are a relatively rare type of thoracic tumors with higher 
incidence in Asians. The diagnosis and treatment pattern has long been based mainly on clinical experience 
and expert consensus. In recent years, with an increasing number of TETs detected in physical examinations, 
there is an urgent need to develop the guidelines that apply to the Chinese population. Thus, we intend to 
develop a holistic integrative guideline for TETs.
Methods: Under the leadership of the Chinese Anti-Cancer Association (CACA) Mediastinal Tumor 
Committee, a multidisciplinary guideline development group was established. Systemic literature review and 
two rounds of questionnaires regarding key clinical issues were carried out. The grading of recommendations 
assessment, development and evaluation (GRADE) approach was used to rate the quality of evidence and the 
strength of recommendations. 
Results: The CACA guideline provides recommendations for the clinical differential diagnosis of 
anterior mediastinal lesions, management of asymptomatic small anterior mediastinal nodules, pathological 
classification and staging systems of TETs, as well as principles of surgery, neoadjuvant and adjuvant 
therapies, systemic therapies for advanced TETs, and follow-up strategies after surgical resection.
Conclusions: This guideline provides holistic integrative management strategies for TETs and would be a 
useful tool for clinicians on decision-making.
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Epidemiology

Common types of mediastinal lesions

Mediastinal lesions may be tumors [e.g., thymoma (TM), 
thymic carcinoma (TC), neuroendocrine thymic tumor 
(NETT), malignant lymphomas, germ cell tumors, thymic 
lipoma, extra-thoracic metastatic tumor] or non-neoplastic 
diseases (e.g., intrathoracic goiter, thymic cyst, and aortic 
aneurysm). Many mediastinal lesions are benign, especially 
those found in asymptomatic patients. On the other hand, 
patients with symptoms usually have malignant mediastinal 
lesions. All patients with mediastinal lesions should be 
evaluated to determine the possible histological type and 
extent of invasion prior to treatment. Before treatment, it is 
important to differentiate thymic epithelial tumors (TETs) 
from other diseases (e.g., lung metastases, lymphomas, 
goiter, and germ cell tumors) because these diseases are 
treated differently. Most metastatic mediastinal masses are 
from primary lung cancer (e.g., non-small cell lung cancer). 
However, approximately 50% of primary tumors in the 
anterior mediastinum are TETs in adults.

TET, especially TM, usually develops slowly, while the 
symptoms of lymphoma or malignant germ cell tumor 
develop rapidly. Lymphomas typically present as a systemic 
disease but may also present as primary anterior mediastinal 
lesions [e.g., nodular sclerosis Hodgkin’s lymphoma and 
non-Hodgkin’s lymphoma (e.g., primary mediastinal 
large B-cell lymphoma and T lymphoblastic lymphoma)]. 
Patients usually have lymphadenopathy accompanied by 
elevated serum lactate dehydrogenase (LDH). However, 
thymic extranodal marginal zone lymphoma of mucosal-
associated lymphoid tissue (MALT lymphoma) is a type 
of clinically indolent non-Hodgkin lymphoma. Systemic 
“B symptoms” (i.e., fevers, night sweats, weight loss) are 
uncommon (1). Many patients with MALT lymphoma have 
a history of autoimmune disease (e.g., Sjögren’s syndrome, 
systemic lupus erythematosus, or relapsing polychondritis, 
Hashimoto’s thyroiditis) (2). Extragonadal germ cell tumors 
are rare and may also occur in the mediastinum. 

Epidemiological characteristics of TETs

TETs originate from the thymus, including TMs, TCs and 
NETTs.

TETs were previously considered a rare type of tumors, with 
an incidence of 0.30/100,000 depending on the Surveillance, 
Epidemiology, and End Results (SEER) database (3).  
However, in recent years, with the popularization of chest 

computed tomography (CT) screening for lung cancer, an 
increasing number of TETs have been detected in physical 
examinations, and the incidence may exceed 100 times higher 
than previously thought (4-6).

TMs usually occur in patients between 40 and 70 years 
old and rarely in children or teenagers. The etiology of TMs 
is unknown. Alcohol, smoking and ionizing radiation do not 
seem to be risk factors for TMs. The higher incidence of 
TMs among African Americans and Asia-Pacific islanders 
suggests a possible genetic factor. Some patients have no 
symptoms, but others may have chest pain, cough, dyspnea 
or superior vena cava syndrome. Approximately 30–50% 
of patients with TMs are complicated with myasthenia 
gravis, followed by pure red blood cell aplastic anemia, 
hypogammaglobulinemia, dermatomyositis, etc. The 
symptoms suggestive of myasthenia gravis include ptosis, 
diplopia, salivation, difficulty climbing upstairs, hoarseness 
and/or dyspnea. For all patients suspected of myasthenia 
gravis, it is recommended to measure the level of serum 
anti-acetylcholine receptor antibodies to determine the 
occurrence of myasthenia gravis to avoid respiratory failure 
during the perioperative period. If myasthenia gravis is 
combined, preoperative evaluation and treatment by a 
neurologist are recommended.

TCs are rare, aggressive tumors that have higher risk 
of metastasis to regional lymph nodes and extra-thoracic 
locations than TMs; thus, the prognosis of TCs is worse than 
that of TMs. The survival rate of TCs varies by the stage 
(stage I–II: 91%; stage III–IV: 31%) and resectability (7).  
TCs can be differentiated from TMs due to different 
histological morphology, immunohistochemical and genetic 
characteristics. However, TCs should be differentiated 
from metastases of extrathymic tumors. They have similar 
histological features, but some immunohistochemical 
markers can be used for differential diagnosis. 

Notably, the clinical course of TCs is different from that 
of TMs. Paraneoplastic syndromes (including myasthenia 
gravis) are very rare in patients with TCs. If the diagnosis of 
myasthenia gravis is established, the pathological diagnosis of 
TC should be reassessed. The patient may actually have a TM.

NETT, with an incidence of 0.18/1,000,000 (8), is a subtype 
of TET that is rarer than TM and TC, accounting for 2–5% 
of all TETs. According to the SEER database, the average 
age of patients with NETTs is 55 years old, which is more 
common in men (8). It was reported that approximately 
25% of patients with thymic carcinoid tumors have a family 
history of type I multiple neuroendocrine tumors (MEN1), 
and 17% to 30% of adults have paraneoplastic syndromes 
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(e.g., Cushing syndrome). NETTs have a higher degree of 
malignancy and are more likely to have lymph node and 
distant metastasis than TCs.

Prevention and screening of mediastinal lesions

Recommendation (1B): CT screening for TETs is not 
recommended at present. Recommendation (1B): For 
small anterior mediastinal nodules detected on physical 
examination or by accident, magnetic resonance imaging 
(MRI) is recommended for differential diagnosis (Figure 1).  
If benign lesions (thymic cyst, thymic hyperplasia, small 
lymph node) are considered, follow-up by CT or MRI is 
recommended in 3–6 months and then every 1–2 years.  
Nontherapeutic surgery should be avoided for asymptomatic 
benign lesions. In patients with small anterior mediastinal 
lesions ≤3 cm, upfront surgery is recommended when high-
grade TETs (type B2/B3 TM, TC, NETT) are suspected, 
but when low-grade TMs (type A/AB/B1) are suspected, 
either upfront surgery or close follow-up can be applied 
(Figure 2).

At present, there is no data available for the prevention 
of mediastinal lesions.

There is no evidence suggesting that low-dose CT 
screening can improve the prognosis of patients with TMs 
and TCs. Considering the low incidence of TETs, low-dose 
CT screening for TETs is not recommended at present. 
However, for patients diagnosed with autoimmune diseases 
(e.g., myasthenia gravis) and MEN1 diseases (9), targeted 
screening for TETs should be performed with chest CT.

The current Guidelines from National Comprehensive 
Cancer Network (NCCN) or European Society for Medical 
Oncology (ESMO) do not have relative recommendations 
for managing accidentally detected asymptomatic anterior 
mediastinal nodules (usually considered to be ≤3 cm 
in diameter). According to a study of 419 patients with 
asymptomatic small anterior mediastinal nodules (10), the 
majority of these lesions (65.6%) were benign cysts that 
remained stable during follow-up. Incorporating MRI with 
CT scans is helpful for differential diagnosis. Follow-up is 
suitable and safe for benign lesions, such as thymic cysts, 
thymic hyperplasia, and small lymph nodes. High-grade 
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Positive AFP/β-HCG usually indicates malignant germ cell tumors. Positive T-SPOT test indicates the possibility of mediastinal tuberculosis. 
Elevated LDH/CRP/ESR might indicate a lymphoma. Elevated CRP/ESR indicates the possibility of mediastinal infection. 

MRI can help differentiate between benign cysts and cystic thymomas, as well as among different types of solid tumors. It is also helpful in 
tumor staging. 

PET/CT can be used to evaluate clinical staging of aggressive or locally advanced tumors. Octreotide scan can be used in patients with 
highly-suspected NETT.

Tumor marker (Cyfra/SCC/CA125/NSE/CEA/AFP/β-HCG)

Blood biochemical test (T-SPOT/LDH/CRP/ESR)

Enhanced chest MRI

PET/CT

Octreotide scan

Enhanced chest CT

Figure 1 Differential diagnosis of mediastinal lesions. SCC, squamous cell carcinoma antigen; NSE, neuron-specific enolase; CEA, 
carcino-embryonic antigen; AFP, alpha-fetoprotein; β-HCG, β-human chorionic gonadotropin; T-SPOT, T-cell spot test; LDH, lactate 
dehydrogenase; CRP, C-reaction protein; ESR, erythrocyte sedimentation rate; CT, computed tomography; MRI, magnetic resonance 
imaging; PET, positron emission tomography; NETT, neuroendocrine thymic tumor.
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TETs (type B2/B3 TM, TC, NETT) need upfront surgery. 
In low-grade TMs (type A/AB/B1), these small nodules are 
usually well-demarcated, and the median tumor doubling 
time can be longer than one year. Thus, repeating CT/MRI 
6 months after the first detection seems safe in patients with 
low-grade lesions.

Diagnosis and staging

Clinical differential diagnosis of mediastinal lesions

Recommendation (1B): The examinations for the clinical 
differential diagnosis of mediastinal lesions include blood 
biochemical tests, enhanced chest CT and MRI (Figure 1).  
Enhanced chest MRI is recommended to differentiate 
between mediastinal cystic and solid lesions, cystic and 
necrotic areas in solid lesions, septa and soft-tissue areas in 
cystic lesions, and TM and thymic hyperplasia/insufficient 
degeneration. Positron emission tomography/computed 
tomography (PET/CT) is used to detect the existence 
of recurrence or metastasis for invasive or aggressive 
tumors, as well as to assist in clinical staging and assess the 
therapeutic effect. Octreotide scan is preferable for highly 
suspected NETTs and screen for the potential treatment of 
somatostatin analogs (SSAs) for patients with NETTs.

Blood biochemical test
It has been reported that there is a low rate of elevated 
tumor markers in TETs. However, elevated serum 
cytokeratin 19 fragment (Cyfra 21-1) before surgery may 
suggest tumors in an advanced stage or with more aggressive 
behavior (11), thus indicating a higher risk of recurrence 
after resection. In addition, elevation of serum CA125 
may be related to pleural effusion (11). Negative alpha-

fetoprotein (AFP) and β-human chorionic gonadotropin 
(β-HCG) can generally exclude malignant germ cell tumors. 
Significant elevation of LDH indicates the possibility of 
lymphoma (12). A positive T-SPOT test indicates the 
possibility of mediastinal tuberculosis. Significant elevation 
of C-reaction protein (CRP) and erythrocyte sedimentation 
rate (ESR) indicates the possibility of mediastinal infection. 
Significant elevation of angiotensin-converting enzyme 
(ACE) indicates the possibility of sarcoidosis. For patients 
with suspected autoimmune diseases, specific antibodies 
should be tested. For patients with suspected paraneoplastic 
syndrome, hormonal workup should be done and guided by 
the presence of symptoms of the excess hormone (9).

Chest X-ray
In adults, the thymus is usually invisible on chest radiographs. 
Only when the size of a TET is large can it be detected 
on anteroposterior chest radiography, which generally 
shows a mass projecting to one side of the mediastinum. 
The tumor may also obscure the left or right heart border, 
and calcification in the tumor can also be seen on chest 
radiographs. On lateral radiographs, the tumor can present as 
an opacity posterior to the sternum and anterior to the aortic 
arch, main pulmonary artery, and heart. Other signs can 
also indicate the extent of tumor invasion, e.g., diaphragm 
elevation, pleural effusion, and pleural thickening. In general, 
chest radiographs are of limited value in the differential 
diagnosis and clinical staging of mediastinal lesions, and more 
effective imaging studies should be recommended.

Enhanced chest CT
The following features of mediastinal lesions should be 
considered on enhanced chest CT: localization; size; 
contours; texture (cystic, solid, or part-solid); density 

Tumor ≤3 cm, no invasion, no enlarged lymph node

CT/MRI in 3−6 months after first detection

Close follow-up allowed (CT/MRI  
in 3−6 months after first detection) 

Stable/Smaller CT/MRI every 1−2 years

Surgery

Enlarged

Flow chart 3

Reassessment

Tumor >3 cm, invasive/enlarged lymph node Flow chart 3

Thymic epithelial tumor likely

Benign lesion likely (cyst/hyperplasia/lymph node)

CT/MRI features 

Size, contour, texture, intensity/signal...

Figure 2 Follow-up strategy of incidentally detected asymptomatic mediastinal lesions. CT, computed tomography; MRI, magnetic 
resonance imaging.
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(with or without cystic change, necrosis, calcification, 
fatty tissue, and bleeding); the degree of enhancement (if 
any); the relationship between the mass and neighboring 
structures (invasion or not); with or without enlargement of 
mediastinal lymph nodes; with or without the occurrence of 
metastasis to the pleura, lung, bones, etc.

On CT scans, a TM usually presents as a round or 
oval mass with a clear boundary in the thymus, without 
lymphadenopathy. Aggressive TETs, such as TCs or 
NETTs, should be suspected when heterogeneous anterior 
mediastinal tumors are accompanied by local invasion, 
lymphadenopathy, and pleural effusion.

A lymphoma usually appears as a slightly enhanced soft 
tissue mass on CT, which usually surrounds and may even 
invade vessels. There might be enlargement of internal 
mammary lymph nodes that fuse with the tumor and 
enlargement of lymph nodes in the mediastinum, neck, 
axilla or other areas. In addition, when the combination of 
the above imaging features and typical “B” symptoms takes 
place in a young patient, a biopsy can usually confirm the 
diagnosis of lymphoma.

Retrosternal goiters and teratomas can be easily diagnosed 
using CT.

Among malignant germ cell tumors, seminomas are more 
common in young men. They present as homogeneously 
enhanced soft tissue masses on CT, although areas of cystic 
change or necrosis can be seen. Mixed germ cell tumors 
are heterogeneously enhanced masses with ill-defined areas 
of low attenuation secondary to necrosis, hemorrhage, or 
cystic change. Hematogenous metastasis is more likely to 
occur in these tumors.

Shen et al. studied the usefulness of CT features in 
accurate tumor staging before surgery (13). The results 
showed that the clinical staging of TET could be accurately 
evaluated with CT features, including tumor shape, contour, 
enhancement pattern, with or without invasion of adjacent 
structures, and presence of pleural or pericardial effusion or 
intrapulmonary metastasis.

However, there are limitations in the differential 
diagnosis of anterior mediastinal lesions by CT scan. This 
is mainly due to the difficulty in discriminating between 
benign cysts and tumors with cystic areas (e.g., cystic TM 
and MALT lymphoma). On CT scans, benign cysts are 
usually homogeneous, round or oval lesions with clear and 
smooth borders and water attenuation. In circumstances 
where cysts have high attenuation or appear as multilocular 
cystic lesions or with inflamed and thickened cystic walls, 
diagnosis by CT alone is difficult, and chest MRI is needed 

for further differentiation.

Enhanced chest MRI
For masses with high attenuation on CT scan, MRI is 
superior to CT in differentiating between mediastinal cystic 
and solid lesions, cystic and necrotic areas in solid lesions, 
and septa and soft tissue areas in cystic lesions (14). Dynamic 
contrast-enhanced images and curves can well detect cysts 
with high attenuation on CT as well as cysts with high 
signal intensity on T1-weighted images. An irregularly 
thickened and enhanced cyst wall is useful for differentiating 
cystic TETs from benign cysts. In addition, it is helpful 
for choosing a biopsy area when solid areas and cystic or 
necrotic areas inside the tumors can be demonstrated clearly.

The change in the signal intensity on dynamic contrast-
enhanced images and curves can accurately evaluate the 
change in tumor cell viability after adjuvant/neoadjuvant 
therapy, which is superior to CT scan.

Chemical shift imaging of MRI can detect microscopic 
fatty tissue inside lesions through the phenomenon of 
reduced signal intensity in the opposed phase, which will 
not occur in TMs. Thus, it can be used to differentiate TMs 
from thymic hyperplasia or insufficient degeneration. In 
addition, this phenomenon does not occur in lymphomas.

On T2-weighted images, great vessels present low signal 
intensity due to the flow void effect, while mediastinal fat 
presents high signal intensity. Combined with enhanced 
MRI and CT, it is helpful to evaluate whether the tumor has 
invaded the vascular wall.

PET/CT
PET/CT is helpful in detecting the occurrence of metastasis 
to lymph nodes, lungs, pleura, or distant areas, but it is not 
recommended as a routine examination for thymic tumors. 
It can be used to evaluate the clinical staging of aggressive 
or advanced tumors and identify suspected recurrence and 
metastasis. PET/CT can also be used to evaluate tumor 
response to radiotherapy, chemotherapy, or other treatments.

Octreotide scan
Octreotide scans may help in the differential diagnosis of 
patients with highly suspected NETTs. In addition, for 
patients diagnosed with NETT, it can be used to evaluate 
whether they are suitable for the treatment of SSAs.

Pathological diagnosis of TET

The present guidelines follow the recommendations of 
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the World Health Organization (WHO) Classification for 
tumors of the thymus (15). The main points of diagnosis are 
as follows.

TM
TMs are mainly classified into type A (including an atypical 
variant), AB, and B (separated into B1, B2 and B3) TMs 
by histology and immunohistochemistry (the morphology 
and atypia of neoplastic epithelial cells, the percentage of 
immature T cells, and so on).

Type A TMs usually contain mild spindle or oval tumor 
cells with few or no immature lymphocytes. In recent years, 
the concept of atypical type A TM has been proposed, 
characterized by a certain degree of atypical features, 
including hypercellularity, increased mitosis, and focal 
necrosis. Clinically they sometimes present with pulmonary 
metastases, which is extremely rare in typical type A TMs. 
However, due to the rarity of atypical type A TMs, their 
prognosis remains to be explored.

Type AB TMs usually consist of a component dominated 
by spindle cells (type A-like) with few lymphocytes and a 
lymphocyte-rich (type B-like) component. The ratio of the 
two components varies greatly among different patients.

Type B1 TMs are histologically similar to the normal 
thymus, where epithelial cells are scattered on the background 
of massive immature lymphocytes. The neoplastic epithelial 
cells are similar to the cortical epithelial cells. Medullary 
differentiation areas always exist.

Type B2 TMs consist of polygonal neoplastic epithelial 
cells intermingled with abundant immature T cells. 
Neoplastic epithelial cells are usually clustered, and the 
density of these cells is higher than that in type B1 TMs or 
normal thymus. Medullary differentiation areas could exist 
or not.

Type B3 TMs are mainly composed of mild to moderate 
atypical polygonal neoplastic epithelial cells arranged in 
sheets, with scarcity or absence of immature T cells.

Immunohistochemistry showed that immature lymphocytes 
express TDT, CD1a, and CD99, while neoplastic epithelial 
cells could express epithelial markers such as CK, CK19, 
and P63 but not CK20.

In addition, there are three rare types of TMs. 
Micronodular TM with lymphoid stroma is composed of 
multifocal, mild, spindle or oval cells surrounded by lymphoid 
stroma. A metaplastic TM is a biphasic tumor composed of 
solid areas of epithelial cells in a background of mild spindle 
cells. Lipofibroadenomas are similar to fibroadenomas of the 
breast.

TC and NETT
The diagnostic criteria of TC and NETT are similar to those 
of the corresponding tumors in other parts of the human body.

The most common type of TC is thymic squamous cell 
carcinoma. Positive CD5 and/or CD117 by immunohistochemistry 
usually indicate that squamous cell carcinoma originates 
from the thymus.

Micronodular TC with lymphoid hyperplasia is a new 
subtype of thymic squamous cell carcinoma with ‘non-
organotypic’ lymphoid stroma that otherwise mimics 
micronodular TM with lymphoid stroma.

Lymphoepithelioma-like carcinomas, which resemble 
nasopharyngeal carcinomas in histology, are considered to 
be undifferentiated or poorly differentiated, with significant 
infiltration of lymphocytes and plasmocytes. Tumor cells are 
positive for Epstein-Barr virus in a significant number of cases.

Primary thymic adenocarcinomas are rare. Invasion 
or metastasis from adenocarcinomas elsewhere should be 
excluded before diagnosis.

A nuclear protein of the testis (NUT) carcinoma is a 
poorly differentiated tumor characterized by rearrangement 
of the NUT gene.

Undifferentiated carcinoma is an exclusionary diagnosis. 
Its histology and immunohistochemistry do not show the 
specific characteristics of TCs.

Basaloid carcinoma, mucoepidermoid carcinoma, clear 
cell carcinoma, sarcomatoid carcinoma, adenosquamous 
carcinoma, and TC NOS (not otherwise specific) occasionally 
occur.

The diagnostic criteria of subtypes of NETTs are similar 
to those of the lung. Differential diagnosis is generally not 
difficult.

Biopsy
Recommendation (1A): Biopsy is not recommended for 
a possible TET that can be resected upfront. Core-
needle biopsy is recommended for tumors that cannot be 
resected upfront or might need non-surgical treatment. 
In circumstances where a core-needle biopsy cannot be 
performed (e.g., blocked by the sternum or lung tissue), 
biopsy via surgery, endobronchial ultrasonography (E-BUS), 
or mediastinoscope is suitable. However, in order to avoid 
tumor seeding into the pleural cavity which would impact the 
prognosis, biopsy via a trans-pleural approach is not routinely 
recommended for tumors without pleural metastasis.

For the pathological diagnosis of TETs using biopsy 
acquired samples, it is recommended to rule out the 
possibility of germ cell tumors and lymphomas first because 
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they are also common in the mediastinum. The next step 
is to differentiate between NETTs and TMs or TCs. Last, 
it is best to differentiate between TMs and TCs. However, 
this may not always be feasible due to the limited volume 
of samples and the complicated histologic features. Further 
subtyping of a TM is also encouraged. For the purpose of 
accurate diagnosis, patients’ clinical information, including 
but not limited to gender, age, imaging features, tumor 
markers, and other relative test results, is also important.

Pathological report
Key points that should be demonstrated in a pathological 
report of surgical specimens are as follows. Further details can 
be found in the Thymic Epithelial Tumors Histopathology 
Reporting Guide (3rd edition) developed by International 
Collaboration on Cancer Reporting (ICCR) (16).
 Specimens submitted, including but not limited to 

the partial or total thymus, the primary tumor, co-
resected tissues, lymph nodes, and/or metastatic 
lesions;

 Macroscopic findings of the specimens including 
the size, color, texture, with or without a capsule; 

 Microscopic findings including the pathological 
subtype, invaded structures, status of resection 
margins, lymph node involvement, and pathological 
reaction to previous treatment; 

 Results of immunohistochemical markers used for 
differential diagnosis.

Clinicopathologic staging of TETs

For decades, the Masaoka-Koga staging system (17) has 
been the most widely accepted staging system for thymic 
malignancies. In recent years, a new stage classification 
was proposed by the International Thymic Malignancies 
Interest Group (ITMIG) and the International Association 
for the Study of Lung Cancer (IASLC), which then formed 
the Union for International Cancer Control (UICC) TNM 
staging system (8th edition) for thymic malignancies (18). The 
current Chinese Anti-Cancer Association (CACA) guidelines 
recommend using the TNM staging system. Combined 
usage of the Masaoka-Koga staging system is allowed.

Treatment

Surgical treatment

The optimal treatment strategy for a TET patient should 

be proposed by a multidisciplinary team consisting of at 
least a thoracic surgeon, a radiologist, a pathologist, a 
medical oncologist, and a radiation oncologist. Whether 
a tumor can be resected completely is critical and should 
be evaluated by thoracic surgeons with experience in this 
field. The main principles of surgery are demonstrated in 
Table 1.

Surgical indication
Recommendation (Figure 3):

(I) Upfront surgery is recommended for resectable 
TETs (1A).

(II) For locally advanced tumors (staged in T3–4),  
re-evaluation for surgery after neoadjuvant therapy 
is recommended (1B).

(III) For patients with pleural dissemination or limited 
intrapulmonary metastases, upfront resection 
of the primary tumor and metastatic lesions or 
surgery after neoadjuvant therapy is recommended, 
depending on the resectability of the primary 
tumors (2C).

(IV) For patients with mediastinal or pleural recurrence, 
surgical resection is an option and should be 
determined by a multidisciplinary team (1C).

Completeness of resection is one of the most important 
prognostic factors for TETs (19,20). For patients who 
can tolerate it, surgery is recommended for all resectable 
TETs. Therefore, it is very important to accurately assess 
the extent of tumor invasion before surgery. Shen et al. 
retrospectively analyzed the correlation between CT 
features and clinical staging or resectability among 138 
TET patients receiving surgery (13). The results showed 
that the clinical staging of TETs could be evaluated via CT 
features, including tumor shape, contour, enhancement 
pattern, with or without invasion of adjacent structures, 
pleural or pericardial effusion, and intrapulmonary 
metastases. The absence of invasion of the great arteries on 
CT suggests the possibility of complete resection of a TET. 
Furthermore, chest MRI is more helpful in determining 
whether a tumor has invaded the vascular wall.

Common sites of recurrence for TETs, especially TMs, 
are the pleural cavity and primary tumor bed. A retrospective 
study based on the Japanese Association of the Research 
on the Thymus (JART) database analyzed the clinical 
characteristics of 405 patients with recurrent TETs (21).  
The results showed that 56.3% were in Masaoka stage I–III, 
and 25.9% were in stage IVa, suggesting that most recurrent 
tumors could still be resected. Of the 405 patients, 162 
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Table 1 Principles of surgery and radiotherapy and commonly used chemotherapy regimens for thymic epithelial tumors

Principles of surgery

(I) Surgical resection should be performed after evaluation of the possibility of complete resection by thoracic surgeons and 
radiologists. Locally advanced tumors require cooperative treatment by a multidisciplinary team

(II) When a resectable thymic tumor is highly suspected based on clinical and radiological characteristics, surgical biopsy should be 
avoided considering the chance of iatrogenic pleural dissemination

(III) Before surgery, the signs and symptoms of myasthenia gravis should be evaluated and medically controlled

(IV) Goal of surgery is complete excision of the lesion with total thymectomy and complete resection of invaded tissues. Complete 
resection may require the removal of neighboring tissues, including the pericardium, phrenic nerve, pleura, lung, and even great 
vessels. Bilateral phrenic nerve resection should be avoided due to severe respiratory complications

(V) Surgical clips can be placed in areas with suspicious margins or residual lesions to help guide accurate postoperative radiotherapy

(VI) During surgery, exploration for the existence of pleural metastases should be performed. If feasible, resection of pleural 
metastases is recommended to achieve gross complete resection

(VII) Minimally invasive surgery is recommended for early-stage (UICC stage I or Masaoka-Koga stage I–II) tumors. In large clinical 
centers with mature techniques, minimally invasive surgery could be applied to UICC stage II–IIIa tumors

(VIII) Dissection of anterior mediastinal (N1) lymph nodes is recommended as a routine procedure, as N1 nodes are within the scope of 
total thymectomy. For tumors staged in T3 and above or those with high-grade histology (highly suspected or biopsy confirmed 
type B3 TM, TC, and NETT), further sampling of at least ipsilateral N2 lymph nodes is recommended. Bilateral N2 lymph node 
dissection is unnecessary, except for highly suspected NETTs with notable bilateral N2 nodes enlargement

Principles of radiotherapy

(I) A CT-based treatment plan prior to radiotherapy is highly recommended. Timely communication with the surgeon is helpful to 
determine the target volume

(II) For postoperative radiotherapy, the recommended radiation dose is 45–50 Gy for clean or close margins and 54 Gy for 
microscopically positive margins. For patients with unresectable tumors or with gross residual lesions, the recommended  
dose is 60–70 Gy (1.8–2 Gy/fx)

(III) The clinical target volume for postoperative radiotherapy should include the entire thymus, surgical clips, and potential residual 
lesions. The planning target volume should consider target motion and daily setup errors

(IV) At least a three-dimensional conformal technique should be adopted in radiotherapy to minimize the damage to surrounding 
normal tissues (e.g., heart, lung, esophagus, spinal cord). IMRT can further improve the dose distribution and reduce the  
irradiation dose of normal tissues. Proton therapy has better dosimetry thus favorable local control and toxicity than IMRT,  
and can be used in appropriate situations

(V) Given that patients with thymic tumors are relatively young and have long-term survival, it is recommended to minimize the  
dose volumes to normal tissues

Commonly used chemotherapy regimens

(I) CAP regimen: cisplatin 50 mg/m2 IV d1; doxorubicin 50 mg/m2 IV d1; cyclophosphamide 500 mg/m2 IV d1, every 3 weeks

(II) TC regimen: carboplatin AUC 6; paclitaxel 200 mg/m2, every 3 weeks

(III) PE regimen: cisplatin 60 mg/m2 IV d1; etoposide 120 mg/m2/day IV d1–3, every three weeks

(IV) ADOC regimen: cisplatin 50 mg/m2 IV d1; doxorubicin 40 mg/m2 IV d1; vincristine 0.6 mg/m2 IV d3; cyclophosphamide  
700 mg/m2 IV d4, every 3 weeks

(V) Etoposide/ifosfamide/cisplatin regimen: etoposide 75 mg/m2 d1–4; ifosfamide 1.2 g/m2 d1–4; cisplatin 20 mg/m2 d1–4,  
every 3 weeks

UICC, Union for International Cancer Control; TM, thymoma; TC, thymic carcinoma; NETT, neuroendocrine thymic tumor; CT, computed 
tomography; IMRT, intensity-modulated radiation therapy; AUC, area under the curve.
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received surgery, and the rate of R0/1 resection reached 
72%. The survival results showed that the 10-year overall 
survival (OS) was significantly higher in patients receiving 
surgery than in patients receiving other therapies (68.2% vs. 
25.4%, P<0.001).

Extent of resection
Recommendation: For patients without myasthenia gravis, 
the goal of surgery is complete excision of the lesion with 
total thymectomy and complete resection of invaded tissues 
(1B). For patients with myasthenia gravis, further extended 
thymectomy (total thymectomy with resection of adjacent 
bilateral mediastinal pleura and fatty tissue within the 
mediastinum, peri-pericardium areas, and aortopulmonary 
window) is recommended (1C).

Total thymectomy via median sternotomy is the 
conventional surgical procedure for patients with thymic 
tumors. Removing the thymus in patients with early-stage 
tumors that can be completely resected is not technically 
difficult. In addition, the thymus loses its immune function 
in adults, so thymectomy theoretically will not cause a 
functional loss in these patients.

With the development of minimally invasive techniques, 
the opinion of total thymectomy has been challenged. 
According to a study of 1,047 patients with Masaoka-Koga 
stage I/II TETs based on the database of Chinese Alliance 
of Research for Thymomas (ChART) (22), nearly 1/4 of 
patients received partial thymectomy. In contrast, almost 
all patients with sternotomy received total thymectomy. 
However, the proportions of total and partial thymectomy 
were comparable in patients receiving minimally invasive 
surgery. Multivariate analysis showed that the 10-year OS 
was similar between patients who underwent total and 
partial thymectomy (90.9% vs. 89.4%, P=0.732). Although 
the recurrence rates after partial and total thymectomy 
were similar (3.2% vs. 1.4%, P=0.259) among patients with 
Masaoka-Koga stage I tumors, there were significantly more 
recurrent events in patients receiving partial thymectomy 
than in those with total thymectomy in patients with 
Masaok-Koga stage II diseases (14.5% vs. 2.9%, P=0.001). 
Given that it is difficult to discriminate Makaoka-Koga 
stage I (encapsulated) and stage II (microscopic infiltration 
of capsule or mediastinal fatty tissue) tumors through 
preoperative imaging or intraoperative exploration, as well 
as the possibility of multiple lesions within the mediastinum, 
total thymectomy, either via an open or minimally invasive 
procedure, is recommended to ensure the efficacy of 
surgical resection based on the anatomic resection principle 
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as well as oncological principles.

Surgical approach
Recommendation (1A) :  On the premise of following 
oncological principles and ensuring the safety of operation, 
surgeons can choose conventional median sternotomy 
or minimally invasive surgery depending on different 
situations. Minimally invasive surgery is recommended for 
early-stage (UICC stage I or Masaoka-Koga stage I–II) 
tumors. In large clinical centers with mature techniques, 
minimally invasive surgery could be tried on UICC stage 
II–IIIa tumors as long as surgical and oncological principles 
are guaranteed.

The conventional approach is median sternotomy, 
which allows exposure of the mediastinum and both 
thoracic cavities and evaluation of gross capsular invasion, 
infiltration of the thymus and mediastinum fatty tissue, peri-
tumor pleural adhesion, and involvement of surrounding 
structures.

Minimally invasive surgery is mainly applied to early-stage 
tumors. Gu et al. analyzed 1,087 patients of UICC stage I 
(Masaoka stage I/II) TETs in the ChART database (23). The 
results showed that after the median follow-up of 26 months 
for the video-assisted thoracoscopic surgery (VATS) group 
and 36 months for the open group, there was no significant 
difference in 5-year OS (85.7% vs. 93.1%, P=0.539), 
disease-free survival (DFS) (92.5% vs. 91.9%, P=0.773), 
cumulative incidence of recurrence (CIR) (7.1% vs. 5.8%, 
P=0.522), or the improvement rate of myasthenia gravis 
between the two groups (83.3% vs. 88.2%, P=0.589). This 
suggests that minimally invasive surgery can achieve similar 
long-term effects to open surgery. Another retrospective 
study in Japan compared the oncologic outcomes of VATS 
with those of sternotomy in 2,835 patients with TMs (24). 
The 5-year OS in VATS-treated patients reached 97.9%, 
similar to that in sternotomy-treated patients (P=0.74).

Technically, it is not difficult to resect a UICC stage 
II–IIIa tumor with limited invasion of the pericardium or 
adjacent lung tissues and achieve comparable completeness 
of resection via minimally invasive surgery. Gu et al. 
reported the perioperative and survival results of MIT 
(minimal invasive thymectomy) compared to MST (median 
sternotomy thymectomy) in patients with UICC stage 
T2–3 TETs (25). After propensity score matching, the MIT 
group had considerably less blood loss (P<0.001), fewer 
postoperative complications (P=0.048), a shorter duration 
of chest drainage (P<0.001), and a shorter hospitalization 
duration (P<0.001) than the MST group. The 5-year 

freedom from recurrence rate was comparable between the 
two groups (78.2% vs. 78.5%, P=0.942).

With the development of minimally invasive techniques, 
it is possible to obtain complete resection for patients 
with recurrent or metastatic tumors and those with 
previously advanced tumors but downstaged after induction 
therapy, apart from patients with UICC stage IIIa tumors 
with limited invasion. For patients who probably need 
multimodality treatment, minimally invasive surgery 
is superior in less surgical trauma and faster functional 
recovery so that patients can better tolerate adjuvant 
therapy to achieve desired oncological outcomes.

There is still no consensus on the specific diameter of 
TETs suitable for minimally invasive surgery. Previously, 
a tumor over 5 cm was considered a “large” tumor in most 
studies, and it is safe and feasible to perform minimally 
invasive surgery for TETs ≤5 cm (26). However, with the 
improvement of surgical techniques, it has been reported 
that the main reason for conversion in minimally invasive 
surgery for tumors over 5 cm is the invasion of great vessels. 
In addition, for tumors over 5 cm, minimally invasive 
surgery could achieve oncological results similar to those 
of open surgery (24). Therefore, compared to the extent of 
tumor invasion, tumor size is not a major factor affecting 
the choice of surgical approach. It should be noted that 
due to the limited space in the mediastinum, it is more 
difficult to perform minimally invasive surgery when the 
tumor becomes large. There would also be increased 
risks of pleural dissemination in this situation. Surgeons 
should strictly adhere to oncological principles during 
surgery. Conversion to open surgery should be carried out 
if complete resection is difficult or there is a risk of tumor 
spillage. 

In addition, the surgical approach is not affected by the 
histological type, which is difficult to confirm before surgery 
for most early-stage tumors. Although the retrospective 
studies of ITMIG (27) and JART (28) did not include TCs, 
the study of the ChART (29) database showed that early-
stage TC was not a contraindication of minimally invasive 
surgery as long as complete resection could be obtained.

Lymph node dissection
Recommendation (1B): Dissection of anterior mediastinal (N1) 
lymph nodes is recommended as a routine procedure, as N1 
nodes are within the scope of total thymectomy. For tumors 
staged in T3 and above or those with high-grade histology 
(highly suspected or biopsy confirmed type B3 TM, TC, 
and NETT), further sampling of at least ipsilateral N2 
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lymph nodes is recommended. Bilateral N2 lymph node 
dissection is unnecessary, except for highly suspected 
NETTs with notable bilateral N2 nodes enlargement.

Lymph node metastasis is believed to be rare in TETs; thus, 
lymph node dissection is rarely carried out in conventional 
surgeries.

In recent years, the issue of lymph node metastasis has 
gained increasing attention. In the widely used Masaoka-
Koga staging system, lymph node metastasis is grouped into 
stage IVb, together with distant metastasis. However, in 
the 8th edition of UICC staging, the node (N) category is 
divided into three tiers (N0–2) depending on the presence 
of nodal involvement in different anatomical regions. 
Recent studies have shown that the incidence of lymph node 
metastasis varies depending on the histological type and the 
extent of tumor invasion. A study of 1,320 patients from 
the JART database (30) found that the overall incidence 
of lymph node metastasis was only 5.9%. There were 
1.8% of TMs, 27% of TCs, and 28% of thymic carcinoids 
accompanied by lymph node metastasis. Two studies based 
on the SEER database (31,32) included patients with 
surgical removal of at least one lymph node. The results 
showed that the incidence of lymph node metastasis was 
13.3% in TMs, 33.5% in TCs, and 62.3% in NETTs.

According to the results of a retrospective study from the 
ChART database (33), among 2,421 patients in 20 hospitals, 
lymph node metastasis was rarely seen in TMs (only 0.5%) 
but occurred in 7.9% of TCs and 16.7% of NETTs. 
Moreover, lymph node metastasis was closely related to the 
prognosis of TETs. 

Further prospective observational study from ChART (34)  
showed that lymph node involvement in thymic malignancies 
is more common than previously recognized. Through 
intentional lymph node sampling or systemic dissection, 
lymph node metastasis was seen in 2.1% of patients 
with TMs, 25% of TCs, and 50% of NETTs. N2 node 
dissection, along with higher-grade tumor histology and 
advanced T category, were found to be associated with 
increased nodal-positive rate. Thus, TETs were further 
divided into a low-risk group (type A-B2 TMs staged in 
T1–2) and a high-risk group with higher-grade histology 
(type B3 TM, TC, and NETT) or stage T3 and above 
for nodal metastasis. Intentional lymph node dissection 
could increase the detection rate of nodal involvement 
and improve the accuracy of staging and the completeness 
of resection. Theoretically, when total thymectomy is 
performed as recommended above, N1 nodes, located in the 
anterior mediastinum, would have already been dissected 

together. Considering that N2 involvement was usually 
on the ipsilateral side of tumor extension according to the 
ChART study, as well as that bilateral N2 node dissection 
would not be feasible via minimally invasive surgery with a 
unilateral approach, it is recommended that ipsilateral N2 
nodes should at least be sampled for patients in the high-
risk group. 

Specimen handling
After resection, complete retrieval of the specimen should 
be done carefully to prevent specimen disruption. For 
minimally invasive surgery, the specimen should always be 
extracted in a retrieving bag (35). It is encouraged to handle 
the resected specimens as follows (36).
 Orienting the unfurled specimen on a mediastinal 

board or diagram is encouraged.
 Mark co-resected structures (mediastinal pleura, 

lung tissue, pericardium, phrenic nerve, blood 
vessels, etc.).

 Mark areas of concern, for example, margins of 
resection.

 Record the location of lymph nodes removed 
during operation.

 Provide the patient’s medical history, especially 
previous therapies and comorbidities, on the 
pathological examination application form and 
communicate with the pathologist promptly.

Adjuvant therapy

TM
Recommendation (1C): After complete resection, adjuvant 
therapy is not recommended for TMs in UICC stage I and 
type A/AB/B1 TMs in stage II–IIIa. Adjuvant radiotherapy 
or follow-up is alternative for type B2/3 TMs in UICC 
stage II–IIIa. Adjuvant radiotherapy is recommended 
for TMs with incomplete (R1/2) resection. Adjuvant 
chemotherapy is recommended for tumors with lymph node 
metastasis (Figure 4, Table 1).

A retrospective analysis based on the ChART database (37) 
involving 1,546 patients with Masaoka-Koga stage I–III 
TETs showed that adjuvant radiotherapy could improve OS 
and DFS for patients with R1/2 resection.

A retrospective analysis using the ITMIG data (38) from 
1,263 patients with completely resected Masaoka stage II–
III TMs showed that the 10-year OS was higher in patients 
with postoperative radiotherapy than those without (86% 
vs. 79%, P=0.002). Furthermore, for stage III type B TMs, 
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postoperative radiotherapy could also significantly improve 
OS. However, the results from the JART database (39) 
showed that postoperative radiotherapy might be beneficial 
only in stage III TCs in terms of recurrence-free survival 
(RFS) but not OS. It could not improve RFS or OS for 
patients with Masaoka stage II TETs or stage II TCs.

In the NCCN Guidelines (2021. V1) (40), adjuvant 
radiotherapy is not recommended for completely resected 
(R0) Masaoka-Koga stage I TMs. Adjuvant radiotherapy 
can be considered for TMs with capsular invasion after an 
R0 resection. Postoperative radiotherapy is recommended 
for Masaoka-Koga stage III (invasion of adjacent structures) 
TMs because of the higher risk of recurrence.

However, depending on the recurrence predictive model 
based on the ChART database (41), patients with stage 
T1 TMs or stage T2–3 type A, AB, and B1 TMs (low-risk 
group) had a significantly lower incidence of recurrence 
than those with stage T2–3 type B2, B3 TMs and all TCs 
and NETTs (high-risk group) (2.7% vs. 20.1%, P<0.001).

Based on the above literature, adjuvant therapy is not 
recommended for patients with UICC stage I TMs and 
stage II–IIIa type A/AB/B1 TMs after an R0 resection. 
Adjuvant radiotherapy or follow-up can be considered in 
patients with UICC stage II–III A type B2/3 TMs.

For adjuvant chemotherapy, a retrospective study 
based on the ChART database included 739 patients with 
Masaoka-Koga stage III/IV TETs (42). Among patients 
with stage IV TMs, there was no difference in 5-year OS for 
patients with or without adjuvant chemotherapy (76.1% vs. 
85.7%, P=0.862). However, for patients with stage III TMs, 
patients with adjuvant chemotherapy had worse 5-year OS 
than those without (88.1% vs. 92.1%, P<0.001). Moreover, 
among patients with completely resected TMs, the 5-year 
OS was significantly lower for patients with chemotherapy 
than those without (67.2% vs. 92.8%, P=0.001). Therefore, 
adjuvant chemotherapy is not recommended for patients 
with TMs. However, systemic therapy is still recommended 
for patients with lymph node metastasis (although lymph 

Figure 4 Postoperative treatment and follow-up of thymic tumors. TM, thymoma; TC, thymic carcinoma; NETT, neuroendocrine thymic 
tumor; RT, radiation; CT, computed tomography.

See ‘Pathological diagnosis of thymic epithelial tumor’

See ‘Adjuvant therapy’
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Follow-up 2: chest CT every 6 months for 3 years, then annually for another 3 years at least
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node metastasis is rare in TMs).

TC and NETT
Recommendation (1C): For completely resected TCs 
and NETTs, adjuvant chemotherapy with or without 
radiotherapy is recommended. For TCs and NETTs with an 
incomplete (R1/2) resection, adjuvant chemoradiotherapy is 
recommended (Figure 4, Table 1).

A retrospective study from Shanghai Chest Hospital 
included 116 patients with completely resected TCs (43). 
The results showed that adjuvant chemotherapy significantly 
improved the 5-year RFS for patients with Masaoka stage 
II tumors (84% vs. 66.6%, P=0.035) and the 5-year OS for 
patients with stage III tumors (84.6% vs. 63.7%, P=0.036).

A retrospective study based on the JART database 
included 1,265 patients with Masaoka stage II–III TETs (39). 
Data showed that postoperative radiotherapy was associated 
with better RFS [hazard ratio (HR) 0.48, 95% confidence 
interval (CI): 0.30–0.78, P=0.003] but not OS for stage 
III TC patients. Another meta-analysis of 592 patients of 
completely resected Masaoka stage II–III TETs showed that 
postoperative radiotherapy could not reduce the recurrence 
rate (44).

According to the recurrence predictive model proposed 
by ChART (41), patients with TCs and NETTs had a higher 
risk of recurrence, especially distant metastasis. Therefore, 
adjuvant chemotherapy with or without radiotherapy is 
recommended for completely resected TCs and NETTs.

Treatment for advanced tumors

Neoadjuvant therapy
Recommendation (1B) :  For locally advanced TETs, 
neoadjuvant chemotherapy or chemoradiotherapy is 
recommended, followed by a re-evaluation of surgical 
indications. Postoperative radiotherapy or chemoradiotherapy 
is recommended depending on the resection margins 
and pathological assessment. Definitive radiotherapy or 
chemoradiotherapy is recommended if the tumor is deemed 
unresectable after induction therapy (Figure 3). First-line 
chemotherapy regimens for TMs, TCs, and NETTs are CAP 
or TC, TC, and PE regimens, respectively (Table 1).

Recommendation (2C) :  For patients with pleural 
dissemination or intrapulmonary metastases, induction 
followed by surgery is an option. 

Induction therapy followed by surgery might be effective 
for potentially resectable TETs (45-51).

A recent cohort study showed a similar 5-year OS for 

patients receiving induction chemotherapy followed by 
surgery to those receiving surgery alone (77.4% vs. 76.7%, 
P=0.596) (46).

To date, there have been two phase II clinical trials 
(51,52) studying the efficacy of induction chemotherapy. 
The objective response rate (ORR) reached 62% and 77%, 
respectively, with a high incidence of adverse events. The 
rate of pathological complete response (PCR) was 14% 
and 9%, and the rate of R0 resection was 43% and 73%, 
respectively. However, considering that both studies only 
accrued TMs and had a high proportion of low-grade 
subtypes, the actual efficacy of induction chemotherapy for 
high-grade TETs, especially for TCs, is unclear. According 
to the results of clinical trials in non-surgical patients, TCs 
respond poorly to chemotherapy (53,54).

According to a phase II clinical trial of neoadjuvant 
concurrent chemoradiotherapy for locally advanced high-
grade TETs (type B2/B3 TM, TC, NETT) at Shanghai 
Chest Hospital, the ORR was 48.5% with tolerated 
toxicities. The rate of R0 resection was 82.6% for patients 
receiving surgery, and the rate of PCR reached 17.4%. The 
5-year OS rates for TM and TC patients were 81.8% and 
54.2%, respectively.

A previous phase II trial (55) from North America and 
Europe reported a 47.6% response rate and a 71% 5-year 
OS for locally advanced TETs after neoadjuvant concurrent 
chemoradiation followed by surgery.

Systemic therapy
Recommendation :  Definit ive chemoradiotherapy is 
recommended for unresectable advanced TETs (Figure 3) 
(1B). Surgery remains an option for patients with recurrent 
locally advanced lesions, solitary metastasis, or ipsilateral 
pleural metastasis (2C).
TM
Given different metastatic scenarios, it is sometimes difficult 
to specify radiation doses for metastatic lesions. Stereotactic 
body radiation therapy (SBRT) is an appropriate option for 
focal metastases, while conventional fractionation is suitable 
for larger metastatic lesions. In palliative treatment, typical 
palliative doses of 8 Gy/fx, 20 Gy/5 fxs or 30 Gy/10 fxs can 
be used, depending on the target. Even for metastatic TMs, 
due to their slow growth, highly conformal techniques might 
be suitable for lesions of limited size. It could be helpful to 
improve local control by increasing radiation doses. On the 
other hand, multiple radiotherapies for recurring metastatic 
lesions might increase the risk of radiation-induced lung 
injury.
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Currently, the recommended first-line chemotherapy 
regimens for TMs are platinum-based regimens (CAP 
or TC) (56-59). The response rates of the CAP regimen 
for TMs are approximately 44% (60). Non-anthracycline 
regimens [e.g.,  cisplatin/etoposide (± ifosfamide), 
carboplatin/paclitaxel] are alternative for patients who 
cannot tolerate more aggressive regimens.

Second-line regimens for TMs include pemetrexed, 
everolimus, paclitaxel, octreotide [long-acting release 
(LAR)] with or without prednisolone, gemcitabine with 
or without capecitabine, 5-FU, etoposide, and ifosfamide 
(59,61-69). However, these drugs have not been assessed 
in randomized phase III trials. For TMs, response rates of 
subsequent systemic therapy range from 15% to 39% (60). 
A study of pemetrexed in the treatment of TM patients 
(n=16) reported 2 patients with complete response (CR) and 
5 patients with partial response (PR) (70). Based on clinical 
trial data, capecitabine might be an effective addition to a 
single gemcitabine regimen (61,68). Among 22 TM patients 
treated with gemcitabine/capecitabine, 3 patients achieved 
CR, and 5 achieved PR. Octreotide may be an option for 
TM patients with a positive octreotide scan or symptoms of 
carcinoid syndrome. Pembrolizumab is not recommended 
for TM patients due to concerns about severe immune-
related events. It was reported that 71.4% of TM patients 
receiving pembrolizumab had grade 3 or higher immune-
related adverse events (71). Sunitinib is not recommended 
due to the scarcity of c-Kit mutations in TMs (72,73). 
TC
TCs respond poorly to chemotherapy. Carboplatin/
paclitaxel (TC) regimen is recommended as the first-line 
therapy for its highest reported response rate in clinical 
trials for TCs (53,54,74-82). Clinical data suggest that CAP 
and cisplatin/adriamycin/vincristine/cyclophosphamide 
(ADOC) regimens are also effective but more toxic (60,80).

There are limited data about second-line therapy for 
TCs. Alternative options include sunitinib, pemetrexed, 
everolimus, paclitaxel, octreotide (LAR) with or without 
prednisone, gemcitabine with or without capecitabine, 
5-FU, etoposide, ifosfamide, and pembrolizumab (7,70,83). 
Response rates range from 4% to 21%. Sunitinib may be 
effective in patients with c-Kit mutations, but such mutations 
are rare in TCs (<10%) (64,72,84-88). S-1 (oral fluorouracil) 
seems to be effective for patients with TCs (89,90).

Pembrolizumab might be an effective second-line 
therapy for TC patients. According to the two trials of 
immunotherapy for thymic tumors, 19.2% and 22.5% of 
patients with TCs responded after receiving pembrolizumab 

(71,91). The incidence of severe immune-related adverse 
events was 15.4% and 15%, respectively. Capecitabine/
gemcitabine is also suitable for TCs in the second-line 
setting (61,68). Three out of 8 patients with TCs had PR 
after receiving the gemcitabine/capecitabine regimen. In 
addition, the response rate of immune checkpoint inhibitors 
(ICIs) in combination of chemotherapy was reported to 
be 44.4% for advanced TCs, higher than that of ICIs 
monotherapy (17.4%) (92). The combination of ICIs and 
anti-angiogenesis drugs also has been explored in TCs (93). 
However, the efficacy and safety of combined therapies are 
in need for further study. 
NETT
Patients with NETTs, especially the more aggressive subtypes, 
are more likely to have local invasion, lymph node metastasis 
and distant metastasis. Although SSAs were reported to 
be effective for neuroendocrine tumors (94), only 2 and  
4 patients received SSAs before and after surgery, respectively. 
Given the limited efficacy of conventional chemotherapy and 
radiotherapy in treating NETTs, other agents, such as SSAs, 
should be explored, as well as mammalian target of rapamycin 
(mTOR) inhibitors (95) and multitarget drugs targeting 
vascular endothelial growth factor receptors (96) that have 
been tried in other neuroendocrine tumors.

Rehabilitation

The postoperative management of TET patients was similar 
to that of other patients undergoing thoracic surgery. In 
recent years, with the development of enhanced recovery 
after surgery (ERAS), recovery after thoracic surgery has 
gradually gained increasing attention. As current clinical 
evidence only focuses on recovery after lung surgery, the 
Clinical Practice Guidelines for ERAS in China (2021 
Edition) (97) proposed by the Chinese Medical Association 
and the Guidelines for Enhanced Recovery After Lung 
Surgery (98) proposed by the European Society of Thoracic 
Surgeons (ESTS) can be referred to for enhanced recovery 
after thymic surgery.

It should be noted that for patients with myasthenia 
gravis, clinicians should pay attention to worsening 
symptoms or even myasthenia crisis. If so, clinicians should 
adjust medication promptly, strengthen monitoring, and 
apply for a consultation with a neurologist when needed.

Follow-up

Recommendation (1B): For patients in the low-risk group 
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(stage T1 TMs, stage T2/T3 type A/AB/B1 TMs), follow-
up annually for 10 years is recommended. For patients in 
the high-risk group (stage T2/T3 type B2/B3 TMs, all TCs 
and NETTs), follow-up is recommended every six months 
for three years and then annually for another 3 years at least 
(Figure 4).

Liu et al. (41) analyzed 907 patients with completely 
resected TETs based on the ChART database. The results 
showed that the recurrence rate in patients with stage T1 
TMs and T2/T3 type A/AB/B1 TMs (low-risk group) was 
significantly lower than that in patients with stage T2/T3 
type B2/B3 TMs and T1-T3 TCs and NETTs (high-risk 
group) (2.7% vs. 20.1%, P<0.001). In the low-risk group, 
the majority of recurrences occurred in the tumor bed and 
pleural cavity (88.9%). In the high-risk group, there were 
more patients with distant metastasis (40.7%) and pleural 
dissemination (25.9%), which mostly (55.2%) occurred 
within 3 years after surgery. Only one case of recurrence in 
the high-risk group occurred over 6 years after surgery, but 
local recurrence still could be seen 10 years after surgery in 
the low-risk group.

In addition, for patients who receive adjuvant therapies 
or suffer from advanced tumors, the frequency of follow-up 
and type of examination should be adjusted accordingly.

TM patients have an increased risk of developing second 
malignancies (99-101). Since there is no consensus on 

screening, routine physical examination is still important.

Methodology

A multidisciplinary guideline development group was 
established among members of the CACA Mediastinal 
Tumor Committee. Systemic literature review and two 
rounds of questionnaires regarding key clinical issues were 
carried out. The grading of recommendations assessment, 
development and evaluation (GRADE) approach was 
used to rate the quality of evidence and the strength of 
recommendations (Table 2) (102). We present this article in 
accordance with the RIGHT reporting checklist (available 
at https://med.amegroups.com/article/view/10.21037/med-
23-54/rc).

Conclusions

These CACA guidelines focus on the clinical differential 
diagnosis of anterior mediastinal lesions, management 
of asymptomatic small anterior mediastinal nodules, 
pathological classification and staging systems of TETs, 
as well as principles of surgery, neoadjuvant and adjuvant 
therapies, systemic therapies for advanced TETs, and 
follow-up strategies after surgical resection. Due to the 
rarity of TETs and limited high-level evidence, there are 

Table 2 Levels of evidence and grades of recommendation adapted from the GRADE system (102)

Categories Definition 

Levels of evidence

High (A) We are very confident that the true effect lies close to that of the estimate of the effect

Moderate (B) We are moderately confident in the effect estimate: the true effect is likely to be close to the 
estimate of the effect, but there is a possibility that it is substantially different

Low (C) Our confidence in the effect estimate is limited: the true effect may be substantially different from 
the estimate of the effect

Very low (D) We have very little confidence in the effect estimate: the true effect is likely to be substantially 
different from the estimate of effect

Grades of recommendation

Level 1 (strong) The panel is highly confident that the desirable consequences of an intervention outweigh its 
undesirable consequences. We believe that all or almost all informed people would make the 
recommended choice for or against an intervention

Level 2 (weak) The panel is less confident that the desirable consequences of an intervention outweigh its 
undesirable consequences. We believe that most informed people would choose the  
recommended course of action, but a substantial number would not

Used with permission from Elsevier. GRADE, grading of recommendations assessment, development and evaluation.

https://med.amegroups.com/article/view/10.21037/med-23-54/rc
https://med.amegroups.com/article/view/10.21037/med-23-54/rc
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still many controversies remaining and future researches are 
encouraged to solve these questions. 
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