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Introduction

Primary chondrosarcomas arising in the mediastinal 
compartment are exceedingly rare. However, such reports 
have been presented in the literature predominantly as 
either small series of cases or single case reports (1-19). The 
issue of primary cartilaginous tumors in the mediastinum 
should be viewed in the similar context as extra-skeletal 
chondrosarcomas or osteosarcomas in the soft tissues  
(20-25). Therefore, it should not be surprising that such 
tumors, the same as those occurring in the soft tissues, may 
also originate from the mediastinal compartment. The 
criteria for such designation in the mediastinum, just as with 
other anatomic locations, should be that the tumor does 
not have any connection to any bony structures within the 

thoracic cavity. In addition, in the mediastinal compartment 
the criteria can be extended somewhat to include that not 
only the tumor is not connected to any bony structure but 
also that the tumor does not arise in the context of any 
other tumoral condition that may be hosting a malignant 
cartilaginous component. In this setting of strict criteria 
and having the benefit of state of the art diagnostic imaging 
and molecular techniques, the number of cases that may 
be accepted as truly originating from the mediastinal 
compartment or truly representing chondrosarcomas, 
whether in anterior or posterior compartment, is drastically 
reduced. 

We are aware that what has been regarded as mediastinal 
chondrosarcomas, namely “mesenchymal” or “myxoid” 
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chondrosarcomas are now considered to belong to separate 
categories and are believed to represent sarcomas of possible 
uncertain histogenesis or differentiation, as in both of those 
entities specific molecular findings have been identified. 
Nevertheless, those entities whether coded as sarcomas of 
uncertain histogenesis or differentiation, or “mesenchymal” 
and/or myxoid” chondrosarcomas do rarely occur in the 
mediastinal compartment and as such will be discussed 
within this context. Whatever the specific name for those 
entities goes well beyond the scope of this review. 

Diagnostic criteria and histopathological 
features

Clinical and radiological features

Mediastinal sarcomas in general are rare. Because the 
mediastinal compartment technically speaking contains the 
heart, great vessels, portion of the esophagus, the thymus, 
and adipose tissue, one would expect that any mesenchymal 
tumor that may present as a mediastinal mass, likely 
would arise from those structures. Therefore, the wall of 
the esophagus could be the source of a smooth muscle 
neoplasm; the wall of a vessel could give rise to a vascular 
tumor. However, more importantly, since there is abundant 
adipose tissue in the mediastinum, one could argue that 
lipomatous tumors not only should be the only ones to be 
considered primary “mediastinal” tumors but also the ones 
that should be the leading type of mesenchymal neoplasms 
in the mediastinal compartment. In reality, many examples 
of different types of mediastinal sarcomas have been present 
in the literature throughout the years. 

The clinical manifestations of patients with any type 
of mediastinal mass is that of compression of adjacent 
structures and consequently these individuals may present 
with symptoms of dyspnea, cough, chest pain, back pain, or 
other non-specific symptoms. On the other hand, a number 
of patients will be asymptomatic and their mediastinal 
tumor may be discovered during a routine radiographic 
examination. Contrary to some epithelial neoplasms such 
as thymomas, any association with myasthenia gravis or 
any other autoimmune disorders may represent merely 
a random association. It is important to highlight that 
chondrosarcomas and osteosarcomas have been described 
following therapy for other conditions (18,26).

In terms of the diagnosis of mediastinal chondrosarcomas, 
often the tumors may present as a mediastinal mass; 
however, the tumor may have an associated periosteal 

connection, which will make the tumor as of bone origin, 
despite the presentation of “mediastinal tumor.” In essence 
those tumors should not be considered as “mediastinal” in 
origin and raises the importance of a careful radiological 
assessment.

Radiological features

Internal coarse calcifications in a “ring and arc” pattern 
on CT images are typical for a chondroid matrix  
(Figure 1A,B,C,D). The non-calcified portion of the mass 
shows low attenuation compared with muscle, suggesting 
the presence of hyaline cartilage (high water content), 
tumor necrosis, or cystic content (3). The masses are of 
low to intermediate signal intensity on T1-weighted MR 
images with foci of mild hyperintensity that represent areas 
of mineralization. On T2-weighted MR images, the masses 
are of heterogeneous mixed signal intensity, typically with 
scattered areas of high signal intensity representing areas 
of high water content (3). The fibrovascular septae of 
chondrosarcomas is postulated to account for the lobular 
morphology allowing for growth of mostly avascular 
cartilaginous tumor (3). With administration of intravenous 
contrast, the tumor shows heterogeneous enhancement.

Diagnostic criteria 
Based on those restrictions, we consider that the diagnosis 
of mediastinal chondrosarcomas should adhere to the 
following guidelines: 
 Unequivocal radiographic evidence that the tumor 

does not have a connection to any bony structure.
 The patient should not have any clinical background 

of radiation therapy for a mediastinal tumor, of 
which only biopsy material was evaluated, i.e., 
mediastinal germ cells tumors treated prior to 
complete surgical debulking. 

 The diagnosis requires complete histopathological 
assessment of the surgically resected neoplasm.

 Cases in which there is only biopsy material or 
fine needle aspirated material, although important 
in the initial diagnosis, the diagnosis should be 
regarded only as presumptive in such cases, and the 
final interpretation is rendered only after complete 
surgical evaluation of the surgically resected 
neoplasm.

  Extensive sampling of the resected tumor mass is 
required in order to properly exclude the possibility 
of another component, whether epithelial or 
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mesenchymal.
 T h e  d i a g n o s t i c  c r i t e r i a  f o r  m e d i a s t i n a l 

chondrosarcoma should be the same as the criteria 
employed in conventional tumors of the bone.

We consider that adhering to these particular guidelines 
will provide the most important parameters that can be used 
in the final interpretation of mediastinal chondrosarcomas.

Histopathological features

As stated before, diagnostic criteria for the diagnosis of 
mediastinal chodrosarcomas should be the same as that use 
for similar tumors in the bone. Just as tumors in the bone, 
the tumors that have been described in the mediastinum 
show similar characteristics and display the entire gamut 

of histopathological growth patterns. Descriptions 
of  chondrosarcomas have included:  conventional 
chondrosarcomas as well as myxoid and mesenchymal 
chondrosarcomas. 

Chondrosarcomas
Historically, the subtypes of chondrosarcomas described in 
the mediastinum show the same spectrum as those that have 
been described in bone. Grossly, when these tumors occur 
in the anterior mediastinal compartment, they appear to be 
larger than those in the posterior mediastinum (27,28). In 
addition, it appears that those in the anterior mediastinum 
are rather well circumscribed but not encapsulated. Those 
in the posterior mediastinum may show less circumscription 
and may also have ill-defined borders. The histological 

A
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Figure 1 Mediastinal chondrosarcoma. (A) Contrast enhanced CT shows a large mass in the middle and posterior mediastinum (arrow) 
with chondroid matrix and areas of low attenuation consistent with necrosis. The mass displaces the descending aorta (Ao) to the left, the 
esophagus (E) to the right, the heart anteriorly, and shows mass effect on the left atrium (LA). Internal coarse calcifications in a ring and 
arc pattern within the tumor are typical of a chondroid matrix. (B) Axial T1-weighted MR image of the chest shows the mass (arrow) is 
heterogeneously hyperintense to skeletal muscle. Due to the staples anterior to the vertebral body, metal induced susceptibility artifact (MA) 
is noted. (C) Axial T2-weighted MR image with fat saturation shows the mass (arrow) is heterogeneously hyperintense to skeletal muscle. 
Small left pleural effusion is noted. (D) Axial T1-weighted fat saturation image following the administration of intravenous contrast shows 
enhancement of the mass (arrow).
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features of these tumors span from the low-grade to the 
high-grade chondrosarcoma in which the tumor may show 
lobulation and mild nuclear atypia, to the higher-grade 
tumors, where nuclear atypia is marked and it is possible to 
identify mitotic activity (Figure 2A,B). 

On the other hand, tumors have also been coded under 
the designation of mesenchymal chondrosarcoma. In these 
cases, the tumor may show only focal areas in which cartilage 
is present. At low power view, the tumor characteristically 
shows a subtle hemangiopericytic growth pattern with the 
presence of large dilated vessels. In other areas, the tumor 
may show sheets of neoplastic cells without any particular 
growth pattern. At higher magnification, the tumor is 
composed of rather small cells with scant cytoplasm, small 
round nuclei and inconspicuous nucleoli  (Figure 3A,B,C,D). 
Nuclear atypia is marked and mitotic activity is easily 
identified. Also, one other variant of chondrosarcoma that 
has been described in the mediastinum is the so called extra 
skeletal myxoid chondrosarcoma in which there is not well-
formed cartilage and the tumor cells appear somewhat 
epithelioid with scant cytoplasm, small oval nuclei and 
inconspicuous nucleoli embedded in a myxoid matrix. 
Although these tumors may not show marked cellular atypia, 
the presence of mitotic activity is easily identified. 

As stated earlier, these two latter tumors appear to have 
specific molecular characteristics, which have suggested 
that they may not represent chondrosarcomas but rather 
sarcomas of uncertain differentiation. 

Immunohistochemical and molecular features

The use of immunohistochemical studies in the diagnosis 
of chondrosarcoma of the mediastinum is limited and 
oftentimes, the immunohistochemical stains are employed 
essentially to rule out the possibility of another neoplasm. 
Positive immunohistochemical stains in chondrosarcoma 
will include S-100 protein, SOX4, and SOX9. Shon et al. (29) 
evaluated 111 bone and soft tissue tumors with chondroid 
differentiation using an anti-ERG monoclonal antibody 
directed against the N terminus. The authors identified 
that two of four cases of “mesenchymal” chondrosarcoma 
the hyaline cartilage showed positivity, while variable 
positivity was observed in four out of nine cases of extra-
skeletal “myxoid” chondrosarcoma. Recently, Jeong and 
Kim (30) presented a review on the topic of biomarkers of 
chondrosarcomas and elaborated on different biomarkers 
that have been identified with possible prognostic and 
treatment implications. Some of these biomarkers include: 
leptin and adiponectin, which are cytokines that may be 
expressed in chondrosarcomas. Both of those cytokines may 
be used in staging of chondrosarcomas. Periostin is a stromal-
related protein that appears to be present in low-grade 
chondrosarcomas. Vascular endothelial growth factor A and 
C (VEGF-A and C) also appear to have a role in the grade of 
this tumor. Sirtuin-1 (SIRT) expression in chondrosarcoma 
appears to correlate with poor prognosis. On the other hand, 
Survivin, which is an inhibitor of apoptosis may represent a 
therapeutic target and a predictive biomarker.

Figure 2 Mediastinal chondrosarcoma. (A) Low power view of a conventional chondrosarcoma of the anterior mediastinum, note the 
presence of thymic tissue (H&E stained section, 4×), (B) conventional chondrosarcoma showing mild to moderate nuclear atypia and more 
hyaline cartilage (H&E stained section, 20×). 

A B
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R e g a r d i n g  m o l e c u l a r  f e a t u r e s ,  m e s e n c h y m a l 
chondrosarcomas will show HEY1-NCOA2 gene fusion, 
while myxoid chondrosarcomas will show NR4A3 gene 
rearrangement. Therefore, it has been suggested that these 
two tumoral conditions that in the past have been coded 
as “mesenchymal” and “myxoid” chondrosarcomas, in 
the era of molecular characterization of tumors, may not 
correspond to the family of “chondrosarcomas.” 

Discussion

The presence of mediastinal tumors in which there is a 
component of either benign or malignant cartilage has been 

well described in the literature in a diversity of mediastinal 
tumors (25,26,31). In addition, it is well known that some 
tumors such as mediastinal germ cell tumors, especially 
teratomas may also show the presence of malignant 
mesenchymal component, which may be in the form of 
malignant cartilage or bone (32). However, it is important 
to state that the current treatment of mediastinal germ cell 
tumors is that of chemotherapy followed by debulking of 
the mediastinal mass. Such information becomes important 
as the mode of therapy may obliterate any epithelial 
component but not so of the chondroid component of 
the tumor, which in turn may be misinterpreted as post-
treatment chondrosarcoma. We consider that such tumors 

A
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Figure 3 Mediastinal chondrosarcoma. (A) Low power view of a “mesenchymal” chondrosarcoma showing a subtle hemangiopericytic  
growth pattern (H&E stained section, 4×), (B) “mesenchymal” chondrosarcoma showing more solid component, (C) “mesenchymal” 
chondrosarcoma composed of rather small cells (H&E stained section; 10×). Note the presence of mitotic activity (H&E stained section; 
20×), (D) “mesenchymal” chondrosarcoma with focal areas of more conventional cartilaginous chondrosarcoma (H&E stained section; 10×).
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likely represent somatic transformation of the original germ 
cell tumors and not a de novo mediastinal sarcoma. One 
other way in which chondrosarcoma may be misconstrued 
as originating from the mediastinal compartment is when 
the tumor despite its presentation as “mediastinal mass,” 
is indeed originating from another thoracic structure such 
the rib, cricoid cartilage, larynx, or the spine for those 
tumors in the posterior mediastinum (33-35). Therefore, 
following strict clinical criteria, the actual number of cases 
that may meet such strict criteria and can be truly regarded 
as primary to the mediastinum, become the minority 
of cases. In today’s practice, the use of state of the art 
diagnostic imaging should leave no doubt as to where the 
tumor is located and its association with adjacent structures. 
If in addition to the clinical criteria, we add the extensive 
sampling that these tumors should undergo when in the 
mediastinum to properly exclude the possibility of another 
either epithelial or mesenchymal component, then we will 
likely reduce the number of acceptable cases. 

At this juncture, it is important to highlight a few critical 
issues regarding the current knowledge of chondrosarcomas. 
Retrospective molecular characterization of tumors that 
over the years had been designated as mesenchymal or 
myxoid chondrosarcomas, suggests that these two particular 
entities may represent separate tumoral conditions. For 
instance, extra-skeletal myxoid chondrosarcomas, which 
has the characteristic of NR4A3 gene rearrangement, 
i s  now cons idered  a  r a re  s a rcoma  o f  uncer t a in  
differentiation (36). In addition, the HEY1-NCOA2 fusion 
that is present in what has been coded under mesenchymal 
chondrosarcoma appears to be unique to this particular 
tumor (37). Furthermore, what is regarded as “conventional” 
chondrosarcoma appears to harbor in more than 50% of the 
cases a gene mutation in the metabolic enzymes isocitrate 
dehydrogenase 1 and 2 (IDH1/IDH2) (38). It is in this 
background of current knowledge that what might have 
been described, as “chondrosarcoma” in the mediastinum 
in past literature, currently may not be viewed in the same 
light. Therefore, as those entities previously described are 
addressed in this review, it is in the context of the specific 
histopathological features that those tumors have. Whether 
they are sarcomas of uncertain differentiation or sarcomas 
of specific lineage is beyond the discussion of the occurrence 
of these tumors in the mediastinal compartment.

From the  c l in i ca l  po in t  o f  v i ew,  med ia s t ina l 
chondrosarcomas have been described in a wide spectrum 
of ages—from the young to the adult. In addition, the 

tumors do not appear to have predilection for specific 
gender. Although in some cases, such diagnosis has been 
followed after treatment for another condition, there 
does not appear to be a specific medical condition that 
may be associated with either one of those tumors. The 
symptomatology recorded in some of these patients is 
essentially non-specific as it may be seen in associated with 
any mass in the anterior or posterior compartment. In 
terms of the histological spectrum of chondrosarcomas in 
the mediastinum, this tumor has been described in either 
anterior or posterior location. However, it appears that 
what has been regarded as mesenchymal chondrosarcomas 
may favor the posterior mediastinum while the more 
conventional chondrosarcomas are more common in the 
anterior mediastinum. This anatomic distribution coupled 
with the fact that chondrosarcomas have been described 
in a wide range of age groups, forces the consideration 
of different conditions in the differential diagnosis. For 
instance, the occurrence of “mesenchymal” chondrosarcoma 
in children will raise the possibility of different tumors 
that may occur in this group, namely small round cell 
tumors, which will include primitive neuroectodermal 
tumor (PNET), rhabdomyosarcoma, and neuroblastoma/
ganglioneuroblastoma. The use of immunohistochemical 
stains may provide some aid in leaning towards a more 
specific diagnosis as these tumors will likely stain with 
some markers that will be helpful in their separation. Also 
molecular diagnostics may be of help in cases in which the 
morphology and immunohistochemistry are problematic. 
In cases of rhabdomyosarcoma, the use of muscle markers 
such desmin and Myo-D will provide aid in the separating 
rhabdomyosarcoma from a mesenchymal chondrosarcoma. 
In cases of PNET or neuroblastoma, there is not one 
specific immunohistochemical stain that can be stated as 
pathognomonic for these tumors but rather the use of 
several stains that may aid in the diagnosis, in which case 
the use of synaptophysin and CD99 may be of helpful. 
Also, it is important to highlight that S-100 protein may 
show positive staining in mesenchymal chondrosarcoma 
while may only be focally or weakly positive in PNET 
and neuroblastoma. However, the molecular signature 
for PNET is different, while the amplification of Myc in 
neuroblastomas is of aid.

On the contrary, the occurrence of conventional 
chondrosarcoma in the anterior mediastinum in a young 
male patient raises the possibility of a germ cell tumor with 
somatic transformation. This in essence brings a different 
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problem. Although cases of conventional chondrosarcomas 
in the anterior mediastinum have been described, it is 
essential that the tumor not only be completely resected 
but also be extensively sampled in order to avoid miscoding 
the case. In our experience, this type of chondrosarcoma, 
even though it may be not so difficult to diagnose from the 
histopathological point of view, it is the one that offers more 
problems in interpretation of cases that are not properly 
sampled. 

Although it is reasonable to consider that the clinical 
outcome of patients with mediastinal chondrosarcomas 
be similar to their extra-skeletal counterparts, the fact is 
that there are not enough cases that meet strict criteria to 
make a meaningful conclusion. Even though, some cases 
have followed an aggressive behavior with a fatal outcome, 
in other cases longer survivals have been recorded. Some 
authors have suggested that patients with chondrosarcomas 
in the anterior mediastinum may observe a longer survival. 
Needless to say, metastatic disease has also been recorded in 
some of the cases described. Once again, with the current 
knowledge of chondrosarcomas, some of these entities—
mesenchymal and myxoid likely follow a different clinical 
outcome and are treated differently.

Summary

In today’s practice with the use of molecular techniques 
applied for further characterization of neoplasms, the 
current knowledge of molecular characterization of 
chondrosarcomas highlights the important issue of proper 
classification and raises an important issue: how to designate 
those tumors, which with no doubt occur in extraskeletal 
location—mediastinum, which in the past were coded/
diagnosed as mesenchymal or myxoid chondrosarcomas? 
If  to that fact,  we add the strict radiological and 
histopathological criteria, then we likely end with a very 
limited number of cases that could be regarded as true 
mediastinal chondrosarcomas. 
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