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Introduction

The presence of primary mediastinal germ cell tumors 
(M-GCT) has been recognized for over 100 years. However, 
due to the reluctance in the past to accept their occurrence 
in the mediastinal location, many tumors were diagnosed 
under different names while in reality represented M-GCT. 
Credit for the possible first description of a mediastinal 
teratoma is given to Gordon (1) who in 1827 reported a 
tumor in the mediastinal location in a descriptive manner—
a tumor containing hair and teeth. If we were to recognize 
such description as the starting point, then it took more 
than 50 year to recognize that mediastinal seminoma also 
existed in the mediastinal location (2). Therefore, it has 
been only over the last 50 years that we have attempted 
to shed some light not only in terms of the spectrum of 

these tumors in the mediastinum but also in terms of 
clinical associations, incidence, classification, staging, and 
other details that are important in the assessment of these 
tumors. However, it is also important to highlight that these 
tumors are not common, and due to their rarity, only a few 
comprehensive series of these cases have been presented in 
the literature. One additional issue that is faced in today’s 
practice is that often the diagnosis of M-GCT is done 
with a mediastinoscopic biopsy, and once the diagnosis of 
GCT is established, it is likely that the patient receives 
medical treatment before the tumor is surgically removed, 
thus making histopathological appraisal of the tumor very 
difficult as often the tumor has become necrotic. This 
type of practice in essence has made histopathological 
classification much more difficult, if not impossible, as often 
the amount of necrosis in a given tumor far exceeds viable 
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tumor. Because of that practice, previous large series of 
cases play an important role in guiding histopathological 
assessment and staging.

Also important to highlight is the continuous usage of 
the term mediastinal GCT, which although appropriate, 
perhaps does not convey that M-GCT are likely to be of 
thymic origin. Thus, the better nomenclature may be that 
of thymic-GCT (T-GCT), just the same as we use it for 
thymic carcinoma or other tumors in that region. 

Incidence

The true incidence of M-GCT is difficult to estimate, 
as there are only a few large series of these tumors. In 
the past, the occurrence of M-GCT had been estimated 
to be somewhere between 1–20%, depending on the 
tumors reported (3-5). In a more complete review of 
mediastinal tumors in general, including adult and pediatric 
cases, Mullen and Richardson (6) identified 881 cases 
corresponding to 702 adults and 179 children. The authors 
documented an incidence of 15% of M-GCT in the adult 
population and 24% of M-GCT in the pediatric population. 
On the contrary, Davis et al. (7) estimated a 3% of M-GCT 
after reviewing 2,399 cases of mediastinal tumors in general, 
and identifying only 72 M-GCT over a period of 20 years. 
Perhaps one of the most difficult issues in estimating the 
incidence of M-GCT is determining what is to be included 
every tumor—benign or malignant? Only malignant 
tumors? However, in general practice, the majority 
of mediastinal tumors are dominated by lymphomas, 
thymomas, thymic carcinoma, and neuroendocrine 
carcinomas, leaving the M-GCT with a small proportion of 
cases.

Even though the true general incidence of M-GCT is 
difficult to estimate, the incidence of the different tumors 
that may be seen as primary M-GCT is somewhat easier 
to predict. In our experience with M-GCT in general, 
we documented 322 cases (8) in which we observed that 
teratomatous tumors followed by seminomas represent 
the bulk of M-GCT, leaving the presence of pure non-
seminomatous/non-teratomatous tumors with a relative 
small percentage. One important feature that we have also 
noted is the predominance of males over females in the 
occurrence of these tumors in a proportion of approximately 
9:1. As a matter of fact, in our experience, the times that we 
encountered M-GCT in female patients, the tumors have 
been invariably teratomatous tumors. 

Classification

In 1997, based on our earlier experience with 322 cases, we 
proposed a classification (8), which as stated earlier is similar 
to that followed in other organ systems. However, there are 
a few semantic changes in order to avoid communication 
issues regarding other possible tumors in the mediastinum 
that may have similar names. One example of it will be the 
use of the term “mixed tumor”, which although descriptive, 
may be confused or misunderstood for a different tumor 
“mixed tumor”, which is of salivary gland origin, and that 
may occur also in the mediastinal compartment. Therefore, 
over the years, we have followed our classification:
 Teratoma
 Mature
 Immature
 With malignant component

 Type I—with another GCT [seminoma, yolk 
sac tumor (YST), embryonal carcinoma (EC), 
choriocarcinoma]

 Type II—with a malignant epithelial neoplasm 
(adenocarcinoma, squamous cell carcinoma, etc.)

 Type III—with a malignant mesenchymal 
component (rhabdomyosarcoma, angiosarcoma, 
etc.)

 Type IV—any combination of previous types
 Seminoma
 EC
 Choriocarcinoma
 Combined germ cell tumor
 A combination of any of the above tumors without 

teratomatous elements. If teratomatous elements 
are present, then the tumors should be classified 
as within the different types of teratomas.

In addition to this histopathological classification, it 
is also important to provide a percentage of the tumors 
present in those tumors in which the neoplasms have 
different components. The treating physician to determine 
specific treatment could use such information, and also it 
may be helpful in predicting clinical outcome.

Staging

As it would be expected, the proper staging should also 
follow the use of the histopathological classification. Even 
though, in the current practice many times that may not 
be possible, it is advisable that an attempt should be made 
to properly stage these tumors. The following staging 
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system was also developed along with the histopathological 
classification:
 Stage I—tumor limited to the mediastinal compartment 

without invasion into adjacent organs such as pleura 
or pericardium

 Stage II—tumors show macro or microscopic invasion 
into adjacent structures such as pleura, pericardium, 
and great vessels

 Stage III—metastatic disease
 IIIA—metastasis in intrathoracic organs (lymph 

nodes, lung, etc.)
 IIIB—extra-thoracic metastasis.

Clinical features

The gamut of clinical symptoms or clinical associations 
that has been reported with M-GCT is extensive. 
Although a proportion of patients may present with 
no symptoms, others may present with non-specific 
symptoms such as cough, fever, chest pain, hemoptysis, 
dyspnea, pericarditis, and superior vena cava syndrome. 
On the other hand, M-GCT may also be associated 
with Klinefelter syndrome, insulin production in cases 
of teratomatous lesions, and hematologic malignancies  
(9-19). Although radiologically these tumors will appear 
as anterior mediastinal masses of variable size, some 
studies have identified the presence of calcifications in 
about 20% of cases of teratomas, and in some unusual 
cases, the presence of teeth and fat fluid levels will favor 
the interpretation of a teratomatous lesion (20). 

Pathological features

Macroscopic features
Grossly, with the exception of teratomatous tumors, which 
are commonly cystic lesions, containing sebaceous material, 
hair, cartilage, or other elements, others M-GCT are 
much more difficult to distinguish from other mediastinal 
tumors. In general, M-GCT may present as either well-
circumscribed tumors within the mediastinum, while other 
tumors may show ill-defined borders and more infiltrative 
pattern. Also the presence of hemorrhage and necrosis may 
vary in these tumors as some tumors like choriocarcinomas 
may show extensive areas of hemorrhage and necrosis while 
others may show a light brown homogeneous surface. In 
some tumors, cystic changes have been associated, namely 
with seminomas and YSTs.

Histological features
M-GCTs are distinct from one another and as such will be 
presented separately.

Teratomas: the hallmark of teratomatous tumors is the 
presence of tissues belonging to the three germinal layers. 
In cases of mature teratomas, the tumor at light microscopy 
will show the presence of different mature tissues, i.e., 
glial tissue, pancreas, muscle, and squamous epithelium, 
among others (Figure 1A). In cases of immature teratoma, 
the hallmark is the presence of immature neuroepithelium, 
arranged in the form of tubules or neural-rosettes  
(Figure 1B), which could be embedded in neutrophil. It 
is common to see in immature teratoma other mature 
elements. In cases of teratomas with another malignant 

A B C

Figure 1 Hematoxylin-eosin stains. (A) Mature teratoma showing a combination of mature elements in the form of squamous epithelium and 
glandular proliferation (magnification 10×); (B) immature teratoma showing neuroepithelium in the form of neural-rosettes (magnification 
20×); (C) teratoma type III showing a glandular structures surrounded by rhabdomyosarcoma (magnification 20×).
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component, it is essential to determine what the malignant 
component is, so that the proper classification may be 
stated. The presence of another malignant GCT such as 
seminoma, YST, etc. would classify the tumors as type I; 
while type II is associated with an epithelial malignancy 
such as squamous cell carcinoma, adenocarcinoma, etc.; 
type III, with a malignant mesenchymal tumor (Figure 1C), 
such as rhabdomyosarcoma, angiosarcoma, etc.; and type IV 
would be a mixture of any of the above histologies.

Immunohistochemical studies are not needed to make a 
diagnosis of teratoma. However, it is possible that in cases 
of type III teratomas, the use of immunohistochemistry may 
be of aid in identifying the specific malignant mesenchymal 
component (desmin, CD-34, CD31, etc.).

Seminoma: these tumors are characterized by the 
presence of sheets of neoplastic cells, which in some 
areas may have a subtle nested pattern separated by thin 
fibroconnective tissue with an inflammatory response 
composed mainly of lymphocytes. The neoplastic cells 

are of medium size, round to oval with eosinophilic 
cytoplasm, round to oval nuclei, and conspicuous nucleoli  
(Figure 2A,B). Seminomas may also show the presence of a 
non-caseous granulomatous reaction, remnants of thymic 
tissue, and lymphoid hyperplasia. Prominent cystic changes 
have been described in a small percentage of cases (21). 

Histochemical stains although not as popular as they 
were in the past, continue providing good information 
regarding seminomas. The use of periodic acid-Schiff 
(PAS) to demonstrate the presence of glycogen in the 
neoplastic cells is an important tool in the diagnosis. 
Immunohistochemical studies are often used as an aid in the 
diagnosis of seminoma. The tumors are often positive for 
low-molecular weight cytokeratin CAM 5.2, PLAP, CD-
117, SALL4, and OCT4 (22-25) (Figure 2C,D,E).

YST: the basic histopathological features of YST tumor 
are distinctive enough to make an unequivocal diagnosis 
on light microscopy. The tumor shows a reticular or 
microcystic growth pattern in which it is possible to see 

A B C

ED

Figure 2 Hematoxylin-eosin stains and immunohistochemical stains. (A) Thymic seminoma showing neoplastic cells admixed with lympho-
cytes (magnification 10×); (B) higher magnification showing medium size neoplastic cells with pale cytoplasm, round nuclei, and conspicuous 
nucleoli (magnification 20×); (C) placental-like alkaline phosphatase (PLAP) showing positive staining in tumors cells (magnification 20×); (D) 
OCT3 immunostains showing positive nuclear staining in seminoma cells (magnification 20×); (E) SALL4 showing positive nuclear staining 
in seminoma cells (magnification 20×).
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some gland-like structures or ductal-like areas. The tumor 
cells may be embedded in a fibrinous or myxoid stroma. 
Schiller-Duval bodies are a characteristic diagnostic feature 
of these tumors that allow for an easy interpretation 
if those structures are present. The neoplastic cellular 
proliferation is composed of small to medium size cells 
with round to oval nuclei and inconspicuous nucleoli. 
One other important diagnostic feature is the presence of 
intracytoplasmic hyaline globules (Figure 3A,B,C). Mitotic 
activity is minimal and marked cellular pleomorphism is 
rarely seen in these tumors. However, even though in the 
majority of cases the histology of the tumor is characteristic 
enough to make an unequivocal diagnosis, YST tumor 
is also known for showing different growth patterns 
that include hepatoid, sarcomatoid, and cystic (26-28). 
Therefore, it is essential to be familiar with those patterns. 
Nevertheless, it is also important to highlight that in the 
majority of cases with those unusual histological features, 
areas of more conventional YST are also present.

Immunohistochemical stains are also often used to 
confirm the diagnosis of YST, the tumor may show positive 
staining for alpha-fetoprotein (AFP), CEA, keratin, alpha-
1-antitripsin, vimentin, PLAP, EMA, NSE, and SALL4 
(29,30). In daily practice the immunostain more often use  
is AFP. 

EC: this tumor in its pure form is unusual and it is often 
accompanied by another GCT namely YST. However, 
the histopathological features of this tumor are also 
characteristic enough to make an unequivocal diagnosis 
on light microscopy. The tumor characteristically shows 
the presence of a glandular growth pattern in which the 
neoplastic cells are large, with round nuclei, and prominent 

nucleoli (Figure 4A,B). Mitosis and cellular atypia are 
commonly identified and the tumor cells may be embedded 
in a necrotic background.

Immunohistochemical stains also play an important role 
in confirming the diagnosis of EC. These tumors similar to 
YST are positive for AFP, EMA, and keratin. However, one 
important immunostain that is important to keep in mind 
is CD30, which is a common stain used in the diagnosis 
of anaplastic large cell lymphoma (ALCL). CD30 is also 
positive in EC, which in the context of an EMA positive 
tumor in a young patient will also alert about the possibility 
of ALCL. In this context and if in doubt, the use of  
ALK-1 should be performed as EC is generally negative for 
ALK-1, and a wider panel of immunohistochemical stains 
may prove useful. 

Choriocarcinoma: it represents the least common tumor 
in the mediastinum and it has been reported only rarely 
in the literature and often as case reports (31-37). The 
largest series of these tumors was presented more recently 
and it included only eight well-documented cases of 
anterior mediastinal choriocarcinomas (38). The hallmark 
of this tumor is the presence of cytotrophoblastic and 
syncytiotrophoblastic cells. The former are large cells with 
round nuclei, conspicuous nucleoli, and clear cytoplasm, 
while the latter cells are multinucleated cells with abundant 
eosinophilic cytoplasm. The tumor characteristically shows 
extensive areas of hemorrhage and/or necrosis. Cellular 
atypia and mitotic activity are easily identified (Figure 5A,B). 

The most common immunohistochemical stain used 
in the diagnosis of choriocarcinoma is human chorionic 
gonadotropin (HCG). However, other stains including 
keratin, PLAP, EMA, and AFP may show positive staining 

A B C

Figure 3 Hematoxylin-eosin stains. (A) YST showing a prominent Schiller-Duval body characteristic of this tumor (magnification 20×); (B) 
YST showing anastomosing ribbons of neoplastic cells with a pseudoglandular pattern (magnification 20×); (C) YST showing prominent in-
tracytoplasmic hyaline globules (magnification 20×). YST, yolk sac tumor.
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in tumor cells. 
Combined GCT: according to our classification schema, 

these tumors should show at least two components of a 
GCT, however, none of those components should be a 
teratoma. Therefore, one can see seminoma and YST or 
YST with EC. Essentially any combination of the non-
teratomatous lesions will fit into this category. The use of 
Immunohistochemical stains will depend on the type of 
tumor present.

Discussion

Primary M-GCT represents a small percentage of primary 

mediastinal tumors when compared to the total occurrence 
of mediastinal pathology. However, they do represent a 
special subtype of neoplasms that require special attention 
in order to arrive at a specific diagnosis, so that patients 
may be treated accordingly. Prior to 1997, most of what 
we knew about M-GCT was essentially either by anecdotal 
case reports or small series of cases. However, the report of 
322 cases of primary M-GCT defined many of the clinical, 
radiological, and pathological features, which included 
the histopathology, staging and classification of these  
tumors (8,39,40). Due to the similar histopathological 
features that gonadal and mediastinal GCT share, it is always 
prudent to determine whether the tumor is not a metastatic 

A B

Figure 4 Hematoxylin-eosin stains. (A) EC showing the characteristic glandular growth pattern (magnification 10×); (B) higher magnification 
showing round neoplastic cells with prominent nucleoli (magnification 20×). EC, embryonal carcinoma.

A B

Figure 5 Hematoxylin-eosin stains. (A) Mediastinal choriocarcinoma showing the typical cyto- and syncytiotrophoblastic component embedded 
in a hemorrhagic background (magnification 10×); (B) higher magnification showing both components with marked atypia (magnification 20×).
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disease from the gonads. However, on this particular point, 
it is also important to mention that such possibility has been 
studied in the past. For instance, Luna and Valenzuela-
Tamaris (41) reported an autopsy study of 20 patients with 
M-GCT in whom the authors paid special attention to the 
possibility of an occult testicular tumor. The testes were 
sectioned completely and only in two cases the authors 
identified a small occult tumor or a well-defined scar. 
When compared those cases to the M-GCT, there was no 
correlation as the M-GCT were of the non-seminomatous 
type. In a different study on testicular GCT, Johnson  
et al. (42) reported 78 autopsies in patients with testicular 
GCT with no metastatic disease to the mediastinum. 
Lynch and Blewitt (43) in a description of mediastinal 
choriocarcinoma cited a study by Houghton of 220 
testicular GCT in which the authors did not identified 
any metastatic disease to the mediastinum. Therefore, 
even though such occurrences have been reported, the 
possibilities are high for a primary M-GCT in the setting 
of a young patient with a bulky anterior mediastinal mass. 
Once the tumor has been established to be primary in the 
mediastinum, then it is highly important to document the 
type of tumor that it may be. As stated before, in today’s 
practice such luxury may not be possible as most cases in 
which a mediastinoscopic biopsy is diagnosed as M-GCT, 
likely the patient will undergo medical treatment before any 
surgical attempt is made. Thus often the original biopsy is 
the only determinant about the possible M-GCT that may 
be present. 

In terms of prognosis, based on our experience, those 
cases in which the tumor is of the mature type of teratoma, 
the followed up after surgical resection is accomplished is 
rather good as those patients will likely be cured. In cases 
in which the diagnosis is that of an immature teratoma, the 
clinical outcome of those patients will be determined not 
only by the extent of the immature component 5%, 50%, 
or 90% but also it may be related to the age of the patient. 
It has been stated in the past that younger patients (children) 
have better clinical outcome than adult patients. On the 
other hand, the more complex issue is for teratomas with 
malignant component. In this setting, the presence of a 
mesenchymal component (sarcoma) is often associated with 
poor outcome. For pure seminomas, the clinical outcome is 
related to the extent of disease—limited to the mediastinum 
or involving other structures—essentially staging of the 
tumor at the time of diagnosis. It is known that seminomas 
are radiosensitive tumors and respond well to treatment. 
However, in some series of cases, more aggressive disease 

has been documented. In our experience with 120 cases (39),  
we documented metastatic disease to the lung, lymph node, 
liver, and bone, thus showing that these tumors may follow 
an aggressive behavior. However, the number of patients in 
which the tumors behave more aggressively was a minority 
in comparison to those who did well. More recently, a 
different study has shown 100% survival at 5 years (44). 
In our experience with 65 patients in whom a follow up 
was obtained (mean: 10 years), we were able to identified 
only 16 deaths. The clinical follow-up in cases of non-
seminomatous M-GCT may be different and will depend on 
the tumor in question. For instance, in cases of YST, even 
though more modern treatment options have improved 
the survival in these patients, recurrences and deaths are 
commonly seen (45). However, different series of non-
seminomatous GCT have provided different percentages 
that vary from 10% to 50% for the 5-year survival rate 
(46,47). In our experience with non-seminomatous tumors 
and in particular with YST, we encountered that only  
13 patients survived 2 years. However, it is also important 
to highlight that when the study took place, current more 
modern treatment protocols may not have been available. 
It is possible that the recurrence rate of EC is higher than 
that seen in YST, however, in terms of clinical outcome, 
both tumors may show similar outcome. In addition, it is 
important to highlight that YST and EC often occur as a 
combine tumor. On the other hand, the clinical outcome for 
choriocarcinomas is rather poor. One important determinant 
factor is that by the time the tumor is diagnosed, it is 
already in late stages as the patient may present with more 
extensive thoracic disease or disease below the diaphragm, 
making the clinical outcome more complicated. 

From the practical point of view regarding the differential 
diagnosis in M-GCT, it can be rather limited or extensive 
based on the tumor in question. In cases of teratomatous 
lesions, the diagnosis is rather easy; however, the most 
important factor is to determine the type of teratomatous 
lesion, i.e., immature or with malignant component. In the 
cases of seminoma, the diagnosis can be straightforward; 
however, if the tumor has a granulomatous reaction and 
cystic changes, other possibilities may be included. In this 
setting, one needs to consider the possibility of Hodgkin 
lymphoma, and the proper immunohistochemical stains 
should be performed. For cases of EC, the most important 
differential diagnosis would be with ALCL lymphoma 
as both tumors may share EMA and CD30 as positive 
immunohistochemical markers. In cases of choriocarcinoma, 
the possibility of a pleomorphic carcinoma needs to be 
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considered. However, in this setting the presence of a bulky 
anterior mediastinal mass in a young patient would be more 
in keeping with a primary mediastinal tumor. 

In short, M-GCT represent an important group of 
tumors that one needs to keep in mind as proper diagnosis 
is highly important in the clinical outcome and treatment. 
Ideally, it is advisable to determine the type and staging of 
these tumors. However, current oncological practice may 
preclude from such luxury. Therefore, it is essential that the 
mediastinoscopic biopsy be properly interpreted, as it will 
be the one that will determine treatment options for these 
patients. The use of immunohistochemical stains is advised 
in cases in which the histology may not be the typical one. 
Clinical outcome in these patients will depend largely on 
the type of tumor and the stage at the time of diagnosis. 
Current treatment options have probably improved the 
survival in these patients. 
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