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Introduction

Thymoma and thymic carcinomas (TC) are rare tumor 
entities that occur mostly in the fourth to sixth decade 
of life (1,2). They represent only about 0.2–1.5% of all 
malignancies, which makes it difficult to identify and 
establish optimal strategies in staging and treatment (3,4). 
As with other tumors, the extent and spreading of thymic 
malignancies play a central role in terms of the patients’ 
prognosis. In 1981, Masaoka et al. first identified local 
expansion, infiltration of neighboring structures and 
hematogenic or lymphogenic dissemination as major factors 
regarding survival. These criteria were used to assign the 
patients to one of four clinical stages (5). A later modification 
by Koga et al. in 1994 resulted in the widely known and 

long-time used Masaoka-Koga staging system (6).
Growing clinical expertise and innovative multimodal 

treatment concepts led to a reevaluation about the impact of 
certain tumor localizations (4,7). Also, there were efforts to 
transfer the Masaoka-Koga classification into a tumor-node-
metastasis (TNM)-based system. For this reason, Yamakawa 
et al. first introduced an adaption of the Masaoka-Koga 
classification into a TNM system (8). In the recent years 
there have been new developments in classification and 
staging of thymoma and TC (9). The 8th edition of the 
TNM Classification of Malignant Tumors published in 
2017 introduced several adjustments based on a proposal of 
the International Association for the Study of Lung Cancer 
(IASLC) and the International Thymic Malignancy Interest 
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Group (ITMIG) (10,11).
This article is intended to provide a brief overview of 

the current status of staging, as well as the impact of the 
new developments on stage-adapted therapy in especially 
advanced thymic malignancies.

Diagnostic evaluation

The contrast-enhanced computed tomography (CT) 
still represents the gold standard in the diagnosis and 
evaluation of thymic tumors (Figure 1). For better tissue 
differentiation, a magnetic resonance imaging (MRI) may 
also be recommended (4,12). However, both procedures 
cannot reliably detect early stages of cardiac, pericardial, 
pleural or vascular infiltration (12). In this regard, a 
MRI with cine sequences can provide useful information 
by exposing tissue mobility between the tumor and 
surrounding structures during cardiac action and by that 
improve preoperative staging and the decision making for 
surgery (13). An Indium-111-octreotide scan should be 
considered in patients with advanced thymic tumors who 
might be indicated for induction therapy or who have not 
responded to standard chemotherapy as they may benefit 
from octreotide therapy (14).

Due to modern imaging techniques, a preoperative 
biopsy is not obligatory in resectable tumors and is usually 
only used to exclude malignant lymphoma or germ cell 
tumors (15). Thus, the identification and preoperative 
staging and therefore the decision about which therapy to 
initiate is decisively based on radiological imaging (16).

Classification

In the TNM-based classification system, the T descriptor 
represents the local extent and infiltration into neighboring 
structures (9). A tumor is classified with the highest 
attributable T level, regardless of whether there is an 
involvement of structures with lower T levels (10). Surgical 
resectability and the resulting postoperative resection (R)-
status represent the main prognostic factors for patients 
with thymoma or TC (17,18). The T descriptor therefore 
is of greatest significance. Since thymic malignancies—
except TC—show low metastatic potential, the N and M 
descriptors are only relevant in defining the most advanced 
stage IV (Table 1) (1,19).

Compared to the long time applied Masaoka-Koga 
definition, stage I of the new TNM classification was 
extended from encapsulated tumors only to tumors even 
involving the mediastinal fat or mediastinal pleura. Both 
localizations of infiltration can be treated very easily 
by radical surgical resection (20). Tumors that involve 
the pericardium now form TNM stage II (formerly 
transcapsular lesions). By that, these mostly well resectable 
tumor localizations were now moved from the in terms 
of resectability highly heterogeneous Masaoka-Koga 
stage III into TNM stages I and II. The influence of both 
localizations on long-term survival is proved to be rather 
low (10).

The newly TNM stage III is now subdivided into A 
and B, mainly describing thymic tumors with primarily 
mediastinal invasion of infiltration of adjacent structures. 
Stage IIIA is formed by potentially resectable tumors with 
involvement of e.g. lung, brachiocephalic vein, superior 
vena cava, chest wall, phrenic nerve and pulmonary vessels. 

Table 1 Stage grouping (descriptor definitions in Table 2) (10)

Stage T N M

I T1 N0 M0

II T2 N0 M0

IIIA T3 N0 M0

IIIB T4 N0 M0

IVA T any N1 M0

T any N0/N1 M1a

IVB T any N2 M0/M1a

T any N any M1b

Figure 1 Axial cut at the level of the truncus pulmonalis in 
contrast-enhanced computed tomography. A large tumorous mass 
of the anterior mediastinum is visible (white arrow). It shows a 
locally advanced thymoma with also pleural dissemination (stage 
IVA) (WHO B1).
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Table 2 Comparison of Masaoka-Koga and TNM classification (main changes highlighted) (6,9,10,21)

Stage Masaoka-Koga IASCL/ITMIG

I Grossly and microscopically completely 
encapsulated tumor

T1 N0 M0. T1: encapsulated or unencapsulated, with or without extension 
into mediastinal fat, or extension into mediastinal pleura. N0: no nodal 
involvement. M0: no metastatic pleural, pericardial, or distant sites

II A: microscopic transcapsular invasion. 
B: macroscopic invasion into thymic or 
surrounding fatty tissue, or grossly adherent to 
but not breaking through mediastinal pleura or 
pericardium

T2 N0 M0. T2: pericardial involvement. N0: no nodal involvement. M0: no 
metastatic pleural, pericardial, or distant sites

III Macroscopic invasion into neighboring organ (i.e., 
pericardium, great vessel, or lung)

A: T3 N0 M0. T3: invasion of the lung, brachiocephalic vein, superior vena 
cava, chest wall, phrenic nerve, hilar (extrapericardial) or pulmonary vessels. 
N0: no nodal involvement. M0: no metastatic pleural, pericardial, or distant 
sites. B: T4 N0 M0. T4: invasion of the aorta, arch vessels, main pulmonary 
artery, myocardium, trachea, or esophagus. N0: no nodal involvement. M0: 
no metastatic pleural, pericardial, or distant sites

IV A: pleural or pericardial dissemination. B: 
lymphogenous or hematogenous metastasis

A: T any N1 M0 or T any N0,1 M1a. N1: Involvement of anterior (perithymic) 
nodes. M1a: separate pleural or pericardial nodule(s); B: T any N2 M0,1a or 
T any N any M1b. N2: involvement of deep intrathoracic or cervical nodes. 
M1b: pulmonary intraparenchymal nodule or distant organ metastasis

On the other side, stage IIIB is defined by an infiltration 
of the larger arterial vessels (aorta), myocardium, trachea, 
and oesophagus. Involvement of anterior (perithymic) 
lymph nodes was moved from Masaoka-Koga IVB to 
TNM stage IVA, which still includes mainly patients with 
pleural or pericardial dissemination. Thymic malignancies 
with involvement of deep intrathoracic or cervical lymph 
nodes and pulmonary intraparenchymal nodule or distant 
organ metastasis are extremely rare and classified as TNM 
stage IVB (Tables 1 and 2) (4). Especially the infestation of 
thoracic lymph nodes plays a bigger role in the proposed 
TNM staging system compared to the Masaoka-Koga 
classification. However, the significance of lymph node 
metastases remains not clear und also the optimal extend 
of lymph dissection in patients with thymic malignancies is 
not established yet (19,22). Further studies regarding the 
manifestation of thymic tumor cells in mediastinal lymph 
nodes are warranted (23).

Stage-adapted therapy

There are no internationally accepted guidelines in the 
diagnosis and therapy of thymic malignancies. However, 
good studies exist on established as well as innovative 
therapy regimes (4). Except for stage IVB tumors, surgery 
remains the preferred treatment. A complete resection is 

usually feasible in stage I and II, so that usually no further 
therapy is indicated for these tumors after complete radical 
resection, except for patients with TC (Table 3). These 
early stages of thymoma in particular show low rates of 
recurrence and a good long-term survival. The possibility of 
a complete resection (R0) is considered the most important 
prognostic factor in the literature with regard to long-term 
outcome (25,26).

Advanced and invasive thymoma require a multimodal 
approach for better local tumor control (27-29). In 
contrast to stages I and II, therapy of stages III and IV is 
still controversially debated. Besides surgery, therapeutic 
options include induction chemotherapy, adjuvant 
chemotherapy and/or postoperative radiotherapy (suitable 
for WHO B2-3, TC, R1/2 tumors) (4,13,18,21,24). 
Hyperthermic intrathoracic chemotherapy (HITOC) 
can also be offered to patients with pleural seeding (stage 
IVA) after surgical cytoreduction of the pleural tumor 
dissemination (Table 3). In HITOC, the pleural cavity is 
perfused with a heated solution containing cisplatin over 
a period of approximately one hour after pleurectomy/
decortication (P/D) or extrapleural pneumonectomy to kill 
remaining tumor cells (30). Lung-sparing pleural tumor 
resection (P/D) should be the preferred therapy due to 
lower postoperative morbidity and mortality. The few 
existing studies focusing on this procedure demonstrated 
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Table 3 Expert opinion on stage-adapted imaging and therapy of thymoma (4,13,18,21,24)

TNM 
stage

Recommended imaging Recommended therapy

I CT Surgery (R0), radiotherapya (R1/2)

II CT, possibly cine-MRI Surgery (R0), radiotherapya (R1/2)

IIIA CT, possibly cine-MRI, 
octreotide scan

Resectable: surgery, radiotherapy (R1/2). Unresectable: biopsy, induction chemotherapy 
(downsizing), surgery, adjuvant chemotherapy if required, postoperative radiotherapya if required

IIIB CT, possibly cine-MRI, 
octreotide scan

Resectable: surgery, radiotherapy (R1/2). Unresectable: biopsy, induction chemotherapy, 
evaluation of surgery in selected patients, adjuvant chemotherapy if required, postoperative 
radiotherapya if required

IVA CT, possibly cine-MRI, 
octreotide scan, PET-CT

Resectable: surgery, radiotherapy (R1/2). Unresectable: biopsy, induction chemotherapy, surgical 
cytoreduction (pleurectomy/decortication, resection of pericardium/diaphragm/lung if required 
and possibly HITOC), adjuvant chemotherapy, postoperative radiotherapya if required

IVB CT, octreotide scan, 
possibly PET-CT

Chemotherapy, radiotherapy if required, surgery only in selected patients

a, suitable for WHO B2-3, TC, R1/2. CT, computed tomography; HITOC, hyperthermic intrathoracic chemotherapy; MRI, magnetic 
resonance imaging; PET, positron-emission tomography.

encouraging results in terms of morbidity, mortality, long-
term and recurrence-free survival (31,32).

Multimodality treatments and innovative procedures 
result in the TNM stage not necessarily correlating with 
the estimated survival of the patient. One reason for this 
might be that advanced stages III and IV were probably 
underrepresented in the latest analysis (10). Thus, for 
example stage IVA patients might even have better 
prognosis than stage III patients (9). While stage III tumors 
may infiltrate vitally essential structures and thus require 
radiotherapy and systemic treatment, pleural metastases 
(stage IVA) are often accessible to surgical cytoreduction 
and innovative local approaches such as HITOC. Even 
selected patients with pleural recurrence of thymoma 
might be suitable for surgery, but always in a multimodality 
treatment concept.

Conclusions

(I) The 8th edition of the TNM Classification of 
Malignant Tumors contains several novel adjustments 
regarding the staging of thymic malignancies.

(II) Compared to the Masaoka-Koga classification, 
surgically good resectable tumor localizations like 
pericardium, mediastinal fat or mediastinal pleura 
have been shifted to lower stages.

(III) Surgical therapy remains the first choice of treatment 
in all stages if the chance for a complete resection is 

provided.
(IV) Advanced stages infiltrate vitally essential mediastinal 

structures or show pleural dissemination, and 
therefore require multimodal therapies including 
radical surgical resection, induction or adjuvant 
chemotherapy and/or postoperative radiotherapy.

(V) Innovative treatment strategies in stage IVA patients 
might offer even better survival rates than in locally 
advanced stage III patients.
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