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Introduction

Pathological staging is fundamental for the clinical treatment 
of patients, including those with thymic epithelial tumors 
(TETs). The International Thymic Malignancy Interest 
Group (ITMIG), the first international association for thymic 
malignancies and the current and undoubtedly future leader 

in dealing with these rare cancers, first selected the Masaoka-
Koga staging system for staging TETs (1,2), considering that 
it had been the most widely accepted system (3). Subsequently, 
the ITMIG and the International Association of the Study of 
Lung Cancer (IASLC) proposed the first international and 
evidence-based stage classification based on statistical analyses 
of a large retrospective database (4). It was approved by the 
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Union for International Cancer Control (UICC) and the 
American Joint Committee on Cancer (AJCC) and was 
included in the 8th edition of the tumor, node, metastasis 
(TNM) classification (TNM-8) of malignant tumors (5). 
Accordingly, the current (5th) World Health Organization 
(WHO) classification for TETs states that use of the 
TNM system is mandatory and that use of the Masaoka-
Koga system is optional (6). However, most institutions 
use both systems in practice, and clinicians seem to prefer 
the Masaoka-Koga system when considering postoperative 
radiation therapy (7).

Both systems define stages based on the same concept; 
that is, to what extent the tumor invades the surrounding 
structures, although the defining factors are slightly 
different. When staging TETs, pathologists evaluate the 
presence or absence of every defining factor to determine 
the final stage. The term “locally advanced”, the topic of 
this series, generally indicates stages III and IVa in the 
Masaoka-Koga system. 

The ITMIG has published many educational articles 
about staging TETs, which are highly appreciated 
(3,4,7-10); however, articles with actual histological 
images of TETs exhibiting invasion into the peri-thymic 
structures are relatively rare. Thus, in this review, we 
attempt to provide pathological snapshots of findings 
that affect either the Masaoka-Koga system or TNM-
8. To this end, we describe all the findings that affect the 
pathological stages of the two systems, not limited to those 
corresponding to “locally advanced TETs” for a complete 
reference. Regarding this, the article by Detterbeck et al.  
was particularly helpful in clarifying the definitions of 
potentially ambiguous terms used in the Masaoka-Koga 
system (3). The new 9th edition of the TNM classification 
for TETs will be available in January 2024. Thus, 
reconfirming the current status of pathological evaluation 
of TETs might help readers prepare for the upcoming 
revision of the TNM system and to clarify similarities and 
differences between the 8th and 9th editions. 

Tumor subtype, especially whether the tumor is a 
thymoma or thymic carcinoma, also influences treatment 
decisions (https://www.nccn.org/home). Recent studies, 
particularly those conducted as part of The Cancer Genome 
Atlas (TCGA) project (11), have advanced our biological 
understanding of TETs. This review also introduces these 
recent discoveries, delineating each TET subtype and 
describing the features that allow discrimination between 
thymomas and thymic carcinomas. 

Microscopic trans-capsular invasion

In the Masaoka-Koga system, microscopic trans-capsular 
invasion (Figure 1A) is designated as stage II (1,2). However, 
this finding does not affect stage in the TNM-8 (5) because it 
was found to have no impact on patient outcomes in a large 
dataset (4,9). This decision is histologically supported because 
the thymus is not physiologically surrounded by a fibrous 
capsule. Despite this, many surgeons believe that the presence 
or absence of capsular invasion should be a factor dividing the 
pT category (7). Because the fibrous capsule is intraoperatively 
recognizable, surgeons may assume that the pathological 
absence of capsular invasion indicates that the tumor extent 
is macroscopically and microscopically the same, and they 
may be convinced that the tumor is completely resected 
without chance of recurrence. When determining trans-
capsular invasion of TETs, pathologists should consider the 
consensus definition by ITMIG (3), which determines trans-
capsular invasion when the tumor has a fibrous capsule in the 
corresponding areas, penetrates the capsule, and reaches the 
surrounding peri-thymic fat. In other words, a simple lack of a 
tumor capsule, separate nodules within the capsule (Figure 1B), 
and direct intracapsular spread, do not indicate trans-capsular 
invasion. The Masaoka-Koga system separates stage II into 
IIa and IIb. The original description was whether the trans-
capsular invasion was microscopic (IIa) or macroscopic (IIb) (1), 
but subdivision by the distance from the capsule [≤3 mm (IIa) 
or > 3 mm (IIb)] is accepted by ITMIG (3).

Invasion of the mediastinal pleura

Direct invasion of the mediastinal pleura (Figure 1C) 
defines a tumor as stage III in the Masaoka-Koga system 
and as pT1b in the TNM-8. No data, except that from the 
Japanese Association for Research in the Thymus (JART), 
indicate the prognostic impact of this factor, and it has been 
tentatively separated as “b” within the pT1 category (4).  
One concern is that it is not easy to histologically 
identify mediastinal pleura, especially when the specimen 
orientation is poor or an inflammatory reaction involving 
the pleura occurs. This problem has been repeatedly noted 
(4,9), and it will be interesting to see how the forthcoming 
TNM classification deals with this issue.

Direct involvement of the pericardium

Direct pericardial invasion defines stage III in the Masaoka-
Koga system and pT2 in the TNM-8 (Figure 1D). In 
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addition to the observed difference in disease recurrence 
among stages I, II, and III (5%, 18%, and 32%, respectively) 
(4,9), because pericardial tumor invasion requires partial 
resection and subsequent repair of the pericardium, it would 
be clinically reasonable to adopt an independent T category 

for this finding. Histological recognition of pericardial 
tumor invasion is generally straightforward because this 
structure is distinct. However, if the resected area is small, 
the pericardium can be missed unless specimen orientation 
is adequately addressed. 

Figure 1 Pathological snapshots of thymic epithelial tumors with invasion into stage-defining structures. (A) Type A thymoma with trans-
capsular invasion. Note that the tumor (T) has a capsule in the corresponding area (dashed line) and penetrates it. (B) Type AB thymoma 
(mainly consisting of type B-like components) with a separate nodule (N) within the thick fibrous capsule (C). It should not be counted as 
trans-capsular invasion/stage II in the Masaoka-Koga system. (C) Type B2 thymoma (T) with mediastinal pleural (dashed line) involvement. 
(D) Type B1 thymoma (T) with pericardial invasion. The pericardium (P) is a distinctive fibrous structure and easily recognizable. (E) Type 
B3 thymoma (T) with pulmonary parenchymal invasion (L: lung). (F) Type B3 thymoma (T) that is attached to the lung (L) but does not 
penetrate into the outer elastin layer (dashed line) of the visceral pleura. This should not be regarded as lung invasion. A-E: hematoxylin and 
eosin staining; F: Elastica-Masson staining.
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Direct invasion into the lung

Pulmonary invasion corresponds to stage III in the 
Masaoka-Koga system and pT3 in the TNM-8 (Figure 1E).  
The ITMIG defines pulmonary invasion as direct penetration 
into the outer elastin layer of the visceral pleura or the lung 
parenchyma (3). Thus, elastin staining highlighting elastic 
fibers is helpful in controversial cases (Figure 1F).

Direct invasion into the brachiocephalic vein or 
superior vena cava

Direct invasion into the neighboring large veins defines 
stage III in the Masaoka-Koga system and pT3 in the 
TNM-8 (Figure 2A). The ITMIG defines direct invasion 
as an invasion into or penetration through major vascular 
structures (3). Large veins consist of intima, media, and 
adventitia. Because it is challenging to differentiate the 
outermost part of the adventitia from the surrounding 
connective tissues, we assume that pathologists practically 
determine large vein invasion when the tumor invades 
smooth muscle cells or elastic layers of the adventitia (i.e., 
not the outermost but a more inner part) (Figure 2B). 

Invasion into the phrenic or vagus nerve

Invasion into the phrenic or vagus nerve defines stage III 
in the Masaoka-Koga system and pT3 in the TNM-8. The 
original Masaoka-Koga system did not mention this feature, 
but the ITMIG added it later as corresponding to stage III (3). 
The ITMIG states that adherence alone is insufficient, and 
it would be reasonable that this applies both macroscopically 
and microscopically. However, in our personal experiences, 
the microscopic definition of phrenic nerve invasion seems 
inconsistent among pathologists; a tumor that surrounds or is 
almost attached to a nerve but does not definitively invade it 
might be interpreted by some pathologists as “nerve invasion” 
(Figure 2C). The ITMIG may discuss this issue when the 
new TNM classification is launched. The other factor that 
defines pT3 in the TNM-8 is involvement of the chest 
wall. This feature is not mentioned in the Masaoka-Koga 
classification but would apply to stage III. In addition, we 
have had a case that showed direct invasion of a thymoma 
into the diaphragm (Figure 2D), which is not described 
in either staging system. Considering that the diaphragm 
seems equivalent to the chest wall in this context, it would 
be appropriate to describe this as stage III in the Masaoka-
Koga system and pT3 in the TNM-8.

Invasion into large arteries, myocardium, 
trachea, or esophagus

Direct involvement of the aorta, arch vessels, main 
pulmonary artery, myocardium, trachea, or esophagus 
(Figure 2E,2F) is considered pT4 in the TNM-8 because 
it indicates more extensive local invasion than factors 
corresponding to pT3. Because these structures are easily 
recognizable, they will be readily determined pathologically. 
The Masaoka-Koga system includes all of these factors 
within stage III. 

Separate pleural or pericardial metastases

Implants on the pleura or pericardium separated from the 
primary tumor define stage IVa in the Masaoka-Koga system 
and pM1a in the TNM-8 (Figure 3A). One caution is that 
pulmonary intraparenchymal nodules are regarded as IVb in 
the Masaoka-Koga stage and M1b in the TNM-8 (Figure 3B).  
According to the ITMIG, pulmonary nodules that are in 
the lung, with a rim of normal lung between the nodule and 
the pleural surface, are regarded as distant metastases (3). 
Thus, pulmonary implants that eventually but partly invade 
the pulmonary parenchyma should be kept as stage IVa and 
pM1a, although the degree of pulmonary invasion of the 
implants may influence patient outcomes (12).

Lymphogenous metastases

Lymph node metastases indicate stage IVb in the Masaoka-
Koga system (Figure 3C). In the TNM-8, they belong to the 
N category and are divided into N1 [anterior (peri-thymic) 
nodes] and N2 (deep intrathoracic or cervical nodes). 
The prognostic difference between pN1 and pN2 was not 
significant in analysis of a retrospective database (4,8), but 
we agree with the separation because, in addition to the 
different distance from the thymus between N1 and N2, 
thymic tumors can directly invade the surrounding lymph 
nodes (counted as pN1) (8), a situation that is biologically 
different from metastasis to distant lymph nodes.

Distant organ metastasis

Distant organ metastasis is classified as stage IVb in the 
Masaoka-Koga system and M1b in the TNM-8. The fact 
that thymomas rarely exhibit lymph node metastases but 
can metastasize to different organs (4,8), even in generally 
low-grade subtypes (Figure 3D), whereas thymic carcinomas 
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Figure 2 Pathological snapshots of thymic epithelial tumors with invasion into stage-defining structures (continued). (A) Type AB thymoma 
(T) with invasion into the wall of the SVC. (B) The wall of SVC (L: lumen). We assume that pathologists determine SVC invasion when 
tumors invade elastic layers (inner of the dashed line) of the wall. (C) Thymic neuroendocrine tumor (atypical carcinoid) (left upper and 
right lower: T) surrounding phrenic nerve (N). Although it is impossible to spare the nerve during surgery, by definition, this should not 
be considered phrenic nerve invasion. (D) Type B2 thymoma (T) with direct invasion into the diaphragm (D). (E,F) Thymic squamous 
cell carcinoma with esophagus invasion. Note the desmin (a smooth muscle marker) positive smooth muscle layer (F) of the esophagus 
invaded by the tumor (T) (biopsy for an inoperative case). A,C-E: hematoxylin and eosin staining; B: Elastica-Masson staining; F: 
immunohistochemical staining. SVC, superior vena cava.
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epithelial tumors is summarized as Table 1. Overall, the 
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of stage-determining factors that the tumor invades for 
staging. As to the TNM-8, this policy is based on the results 
of extensive statistical analyses, which did not provide 
compelling evidence that the number is a definite prognostic 
factor, as well as for simplicity (4,8). However, it is natural 
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Figure 3 Pathological snapshots of thymic epithelial tumors with metastases (hematoxylin and eosin staining). (A) Type B3 thymoma (T) 
with pleural implants (dashed line: lung pleura, L: lung). (B) Type A thymoma (T) with pulmonary metastases (pulmonary parenchymal 
nodules, L: lung). (C) Thymic squamous cell carcinoma (T) with LN metastases. (D) Type B1 thymoma (T) with liver (L) metastasis (biopsy 
sample). LN, lymph node. 

to think that, for example, a tumor with both pericardial 
and pulmonary invasion might exhibit more aggressive 
behavior than the tumor with (very focal) pericardial invasion 
alone. Thus, rather than just staging after summarizing the 
pathological findings, providing a synoptic report or checklist 
noting the presence or absence of all defining factors might 
be helpful for clinicians and pathologists and for future 
research with a more extensive patient cases. In addition, the 
number of metastatic (including implant) foci might become 
relevant, considering that treatment strategies for tumors 
with oligometastasis have recently been intensely discussed in 
thoracic cancers (13).

Distinctive molecular features between 
thymomas and thymic carcinomas

Discrimination between thymomas and thymic carcinomas 
is necessary for standard treatments (https://www.nccn.
org/home). Comprehensive biological investigations based 
on technological advancements such as next-generation 

sequencing and single-cell analyses have indicated that 
thymomas and thymic carcinomas are distinct, although 
some controversial cases have been reported (14). A critical 
discovery of TET genetics was made by Petrini et al., who 
first reported the GTF2I L424H mutation in most type A 
and AB thymomas (15). After the TNM-8 was established, a 
very influential study was conducted by Radovich et al. as part 
of a TCGA project (11). They proposed molecular subtyping 
of TETs, in which TETs could be divided into A (type A)-like, 
AB-like, B-like, and C (carcinoma)-like clusters, highlighting 
the distinctiveness of the carcinoma cluster (11).

The TCGA dataset  has attracted many thymic 
researchers because of its comprehensiveness, reliability, and 
availability (cBioPortal: https://www.cbioportal.org/), and 
these researchers have also investigated under-recognized 
molecular features of TETs using the TCGA dataset, as 
well as their cohorts. As a result, independent studies have 
suggested that most thymic squamous cell carcinomas, the 
most prevalent subtype (approximately 80%) of thymic 
carcinoma, exhibit features of medullary thymic epithelial 
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Table 1 The summary of pathological features affecting the stage of thymic epithelial tumors

Structures Masaoka-Koga stage classification TNM-8

Invasion

Peri-thymic fat (trans-capsular invasion) IIa: ≤3 mm; IIb: >3 mm pT1a

Mediastinal pleura III pT1b

Pericardium III pT2

Lung III pT3

Large veins† III pT3

Phrenic/vagus nerve III pT3

Chest wall III pT3

Large arteries‡ III pT4

Myocardium III pT4

Trachea III pT4

Esophagus III pT4

Dissemination/metastasis

Pleura IVa pM1a

Pericardium IVa pM1a

Lymph nodes IVb pN1: peri-thymic; pN2: more distant

Distant organs IVb pM1b
†, brachiocephalic vein, superior vena cava, and extrapericardial pulmonary veins, etc. (extrapericardial pulmonary artery is also 
categorized as pT3); ‡, thoracic aorta, arch vessels, intrapericardial pulmonary artery. TNM-8, the 8th edition of the TNM classification; 
TNM, tumor, node, metastasis. 

cells (mTECs) (16-22). 
As a part of these studies, our group has demonstrated 

that ,  compared to thymomas,  thymic carcinomas 
significantly highly express genes/proteins related to 
tuft cells, which are unique epithelial cells involving 
type 2 immunity and that were recently found to 
exist in the thymus as a subset of mTECs (23,24). 
Immunohistochemically, POU2F3, the master regulator 
of tuft cells (25), is significantly more expressed in thymic 
carcinoma (Figure 4A) than in thymomas, including 
epithelial rich, type B3 thymoma (16,17,21). POU2F3 
expression is highly correlated with that of KIT proto-
oncogene, receptor tyrosine kinase (KIT) (Figure 4B), a 
representative marker of thymic carcinomas (6,16). Other 
researchers have reported the expression of insulinoma-
associated-1 (INSM1) (a new marker for neuroendocrine 
neoplasms) (22) and autoimmune regulator (AIRE), the 
most representative mTEC-related molecule (19,20) 
in thymic carcinoma. These findings could represent a 
paradigm shift in the histogenesis of thymic carcinomas, 

considering that they were historically regarded as tumors 
lacking the physiological properties of TECs. We applaud 
the renewed trend toward focusing on the histogenesis of 
TETs (26,27), and it may have value for diagnostic purposes 
as well (21). However, careful interpretations will be needed 
when inconsistent results are obtained among different 
studies. In addition, functional studies on the medullary 
phenotypes of thymic squamous cell carcinoma have not 
been reported; these studies must be conducted to make use 
of this feature in treatment decisions.

Possibility of more personalized medicine for 
thymic epithelial tumors

Because morphology reflects function, it is reasonable to 
assume that pathologically separated subtypes of thymomas 
and thymic carcinomas (6) have some biological differences. 
As mentioned, integrative unsupervised clustering with five 
different biological databases has divided TETs into four 
clusters (11). Although the current treatment guidelines 
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simply look at whether a tumor is a thymoma or thymic 
carcinoma in order to determine treatment, it would not 
be ideal for personalized medicine based on the biological 
features of TETs.

As mentioned, the most important discovery in TET 
genetics is that of the GTF2I L424H mutation in most 
type A and AB thymomas (15). Recently, two groups have 
established mouse models of thymomas with mutations 
corresponding to human GTF2I L424H (28,29). With 
these tools, we may conduct in vivo functional analyses to 
investigate the significance of GTF2I in thymic epithelial 
cells and thymomas. The mutant GTF2I has already been 
found to cause different metabolic statuses in cultured cells 
in vitro (30). Thus, future studies may uncover the effect 
of GTF2I on drug metabolism and lead to optimal drug 
therapies for thymomas with the GTF2I L424H mutation. 

Conclusions

Details of the 9th edition of the TNM classification 
system are as yet unknown, but the team responsible was 
established shortly after the launch of the 8th edition, and 
the upcoming edition has received continuous effort (10).  
The 9th edition will be based on more detailed and 
extensive data, and it surely address unresolved issues 
in the previous edition. Currently, the Masaoka-Koga 
system has been used alongside the TNM-8, and there is 
no question about its historical contribution. However, 
using two different (at least slightly) staging systems in the 
long term is not an ideal situation in that  it hinders clear 
communication among researchers and clinicians and could 
lead to misunderstandings. Thus, all stakeholders working 
with TETs, including clinicians, radiologists, pathologists, 

and researchers, should work cooperatively across countries 
toward future editions of the TNM system being rationally 
accepted as the single staging system in use. 
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