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Abstract

The development of an angiosarcomatous component in germ cell tumors (GCTs) is rare. Here we

studied 12 cases of mediastinal GCTs with an angiosarcomatous component. All patients were

men with a mean age of 34 years (range, 24 to 49 years). No patient had a documented testicular

GCT. The mean size of mediastinal tumors was 12.9 cm (range, 5.5 to 16.0 cm). Grossly, the

tumors were cystic with variegated hemorrhagic, mucinous and fleshy solid areas.

Microscopically, all tumors were composed of GCT. The most common GCT component was

teratoma (n=10), and other GCT components included seminoma (n=3), yolk sac tumor (n=3),

embryonal carcinoma (n=2) and choriocarcinoma (n=1). The angiosarcomatous component was

present in primary mediastinal tumors (n=6), metastasis (n=3), or both primary mediastinal tumor

and metastasis (n=3). The angiosarcomatous component accounted for an average of 30% (range,

5% to 95%) of the primary mediastinal tumor. In addition, other non–germ cell components,

including rhabdomyosarcoma (n = 3), leiomyosarcoma (n = 1), and poorly differentiated

carcinoma (n = 1), were also present in the tumors. Of the 10 patients with follow-up available, all

patients developed metastasis (n=8) or local recurrence (n=2); seven died of disease at a mean of

33 months (range, 21 to 75 months), and three patients were alive at a mean of 75 months (range,

5 to 120 months). Our findings suggest that the presence of an angiosarcomatous component in

mediastinal GCT, even in a small amount, is associated with a poor clinical outcome.
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INTRODUCTION

Germ cell tumors (GCTs) are the most common tumors in men aged 15 to 35 years. While

the majority of GCTs arise from the gonads, some GCTs develop outside the gonads. Most

extragonadal GCTs are concentrated in the midline of the body, including the mediastinum,

retroperitoneum, pineal gland, and sacrococcygeal region.1-3 Of these locations, the

mediastinum is the most common for extragonadal GCTs. In fact, GCTs account for

approximately 15% and 25% of mediastinal tumors in adults and children, respectively.4

Like gonadal GCTs, mediastinal GCTs demonstrate a wide spectrum of histologic

phenotypes. At the current time, mediastinal GCTs are classified using the same system as

that proposed for gonadal GCTs.4

Occasionally, GCTs develop a non-germ cell or somatic component. The somatic

components can be epithelial, mesenchymal, hematopoietic, neurogenic malignancies or a

combination of them, with sarcomatous malignancies being the most commonly

observed.5-9 Although this phenomenon is uncommon in gonadal GCTs, its frequency

seems disproportionally high in mediastinal GCTs, considering the fact that mediastinal

GCTs account for less than 5 % of all GCTs but up to 50% of GCTs with somatic

components.5 The presence of somatic components, particularly sarcomatous components,

in the GCTs often leads to a poor response to a conventional cisplatin-based

chemotherapeutic regimen.10

While rhabdomyosarcoma accounts for the majority of sarcomatous components in

mediastinal GCTs,5-7 angiosarcoma is rare with most cases being reported as case reports or

parts of large series of GCTs with sarcomatous components.5-7,9,11 Accordingly, the

presence of an angiosarcomatous component in mediastinal GCT is not well understood. In

this study, we examined 12 cases of mediastinal GCTs with an angiosarcomatous

component, the largest series we are aware of, to further elucidate the clinicopathologic

features and outcomes associated with this rare phenomenon.

MATERIALS AND METHODS

With approval from our Institutional Review Board, we retrospectively searched the

database in the Department of Pathology and identified 12 cases of mediastinal GCT with an

angiosarcomatous component in from 1987 to 2008. Our inclusion criterion was an

expansile angiosarcomatous tumor growth of at least one low-power field (4 × objective)

replacing the GCT component. None of the 12 patients had any other malignancies

documented before their mediastinal GCTs.

The reviewed specimens included biopsies (n=9) and resections (n=12) of the primary

mediastinal tumor, and biopsies (n=7) of the metastatic tumor. All specimens were

adequately sampled for histologic examination. The reviewed pathologic parameters

included tumor size, gross appearance, stage, GCT components, angiosarcomatous

components and other somatic components. In some cases, immunohistochemical staining

was performed using the avidin-biotin-peroxidase complex method in a Dako AutoStainer

(Dako, Carpinteria, CA). The primary antibodies used were antibodies to CD31 (Dako, 1:20
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dilution), CD34 (Dako, 1:50 dilution), and factor VIII (Dako, 1:100 dilution). Clinical data,

including demographic, presenting symptoms, radiographic studies, treatment and follow-up

information, were obtained from the medical records. Overall survival times were measured

in months from the date of initial diagnosis to death or last available follow-up.

RESULTS

All 12 patients were men with a mean age of 34 years (median, 34 years; range, 24 to 49

years) (Table 1). No patient had a documented testicular GCT. Presenting symptoms were

available for 8 patients and included chest pain (n = 4), shoulder pain (n = 2), cough (n = 2),

and shortness of breath (n = 1). In 1 patient, a mediastinal tumor was found incidentally

during a workup after an automobile accident. In all patients, a mediastinal tumor was

demonstrated by radiographic studies. Nine patients underwent core needle biopsies, which

demonstrated GCT only (no sarcomatous component; n = 6), GCT with an

angiosarcomatous component (n = 1), angiosarcoma only (n = 1), and undifferentiated

sarcoma only (n = 1).

In all patients, the mediastinal tumor was resected. The mean size of tumor was 12.9 cm in

the largest dimension (median, 14.5 cm; range, 5.5 to 16.0 cm). Grossly, the tumors were

cystic with variegated hemorrhagic, mucinous, and fleshy solid areas. Microscopically, the

most common GCT components were mature (n=8) and immature (n=6) teratomas. Other

GCT components, including seminoma (n=3), yolk sac tumor (n=3) and embryonal

carcinoma (n=2), were also observed (Table 1). The angiosarcomatous component was

present in the primary mediastinal tumor (n=9), in metastasis (n=3), and in both the primary

mediastinal tumor and metastasis (n=3). In the primary mediastinal tumor, the

angiosarcomatous component accounted for an average of 30% (range, 5% to 95%) of the

tumor, and was often admixed with GCT components (Fig. 1). The angiosarcomatous

components varied in appearance, ranging from clearly vasoformative to poorly

differentiated areas in which the vascular nature was not readily recognizable. In most areas,

the angiosarcoma components were characterized by irregular vascular spaces that freely

anastomosed and branched in a sinusoidal fashion (Fig. 2A). The cells lining the vascular

spaces ranged from spindle to epithelioid, and often displayed high-grade cellular atypia

with pleomorphic and hyperchromatic nuclei (Fig. 3). On immunostaining (n=5), the lining

cells were positive for endothelial markers CD 31 (Fig. 2B), CD 34 (Fig. 2C) and Factor

VIII (Fig 2D). In focal areas, the angiosarcoma was composed of closely packed epithelioid

cells with poorly formed vascular spaces (Fig. 4). In addition, focal areas of

rhabdomyosarcoma (n = 1), poorly differentiated carcinoma (n = 1), or leiomyosarcoma (n =

1) were also observed in 3 cases.

Follow-up information was available for 10 patients with a mean follow-up of 51 months

(median, 41 months; range, 5 to 120 months) (Table 1). Seven patients received cisplatin-

based chemotherapy for GCTs, and three of them also received doxorubicin, a sarcoma-

oriented drug. In addition, one patient received radiation therapy. In spite of multimodality

therapies, patients developed metastasis (n=8) or local recurrence (n=2). The most common

metastatic sites were the bones (n = 5), liver (n = 3), and brain (n = 2). In 6 cases, the tumor

also involved the lungs, as a result of direct tumor extension or metastasis. The metastatic
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tumor was biopsied in 6 cases, and angiosarcoma was present in all cases. Seven patients

died of disease at a mean of 33 months after the diagnosis (median, 40 months; range, 21 to

75 months). The other 3 patients were alive at a mean of 75 months (median, 101 months;

range, 5 to 120 months); 2 of them had received doxorubicin. The clinical outcome was

related to the tumor stage, but it was not associated with the amount of angiosarcomatous

component in the mediastinal GCT.

DISCUSSION

The origin of mediastinal GCTs remains unclear. Although a small mediastinal GCT may be

entirely encased in the thymus, there is no histogenetic relationship between mediastinal

GCT and true thymoma.12 Recent studies have suggested that a mediastinal GCT may arise

from residual primordial germ cells in the dorsal midline of the body.13,14 During

embryogenesis, most primordial germ cells migrate laterally to the genital ridges to become

spermatogenetic or ovogenetic stem cells; the cells remaining in the midline usually undergo

apoptosis.13 However, this apoptotic process may be disrupted when the ectopic germ cells

are exposed to carcinogenic agents. A recent study found that the absence of Bax, a

proapoptotic Bcl-2 family member, prevented germ cells from undergoing apoptosis,

resulting in large numbers of extragonadal germ cells.14

Mediastinal GCTs demonstrate histologic and serologic characteristics similar to those of

gonadal GCTs.15 In addition, most mediastinal GCTs possess an isochromosome of 12p, a

characteristic cytogenetic alteration that is consistently present in testicular GCTs.16,17

Therefore, the possibility of the mediastinal GCT representing a metastasis from a gonadal

primary GCT should be considered. Whereas the presence of a single tumor in the anterior

upper mediastinum with no retroperitoneal involvement would favor a mediastinal primary,

the presence of a coexisting or preexisting gonadal GCT would suggest that the mediastinal

GCT represents a metastasis. However, it may be difficult to recognize metastasis from a

“burnt-out” gonadal GCT, in which the primary tumor has regressed in the gonadal gland.18

The staging system for mediastinal GCT largely follows the TNM classification system used

for soft tissue tumors.4 Recently, Moran and Suster19 proposed a different clinical staging

system in which mediastinal GCTs are divided into three stages: in stage I, tumors are

confined to the mediastinum; in stage II, tumors invade the surrounding structures, such as

the pleura, pericardium, or large vessels; and in stage III, tumors show evidence of

intrathoracic or extrathoracic metastases.19 According to this classification system, 9

patients in our study had a stage III disease and 3 patients had a stage II disease. Six of the 9

patients at stage III died within 21-75 months, one patient survived and two were lost to

followup. Two of the 3 patients at stage II were alive at 5 and 120 months, and one died at

75 months. Our results suggest that this staging system is also useful for predicting the

clinical outcome of mediastinal GCTs with an angiosarcomatous component.

There are several hypotheses regarding the origin of an angiosarcomatous component in

GCTs.9 In our study, the majority of GCTs (10/12) contained a teratomatous component,

suggesting that the angiosarcomatous component may represent a malignant transformation

of teratomatous component. Nonetheless, two cases of GCT lacked a teratomatous
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component, raising the possibility that the angiosarcomatous component may also develop

from the dedifferentiation of non-teratomatous GCT components. Cytogenetic studies have

demonstrated the presence of i(12p) abnormalities in somatic components.7 Since i(12p) is a

specific genetic marker present in 80% of GCTs,16 its prevalence in the somatic components

supports the idea that the somatic component arises from GCT cells. Others have suggested

that the angiosarcomatous component may also develop in the mediastinal GCTs as a

consequence of radiation therapy.9 In our study, only one patient had a documented history

of radiation therapy, but he had an angiosarcomatous component in the mediastinal tumor

before radiation therapy. Therefore, the development of the angiosarcomatous component

was not related to radiation therapy in this patient.

The angiosarcomatous component in mediastinal GCT is characterized by freely

anastomosing vascular spaces lined by atypical endothelial cells. Interestingly, there are also

some atypical cells in the stroma that do not line the vascular spaces. These atypical stromal

cells lack immunoreactivity for endothelial markers (CD 31, CD 34 or Factor VIII). When

the atypical stromal cells are scattered and do not form a pure nodule, we consider them to

be a part of the stroma that is associated with a teratoma. Only when the atypical stromal

cells form a pure nodule of substantial size (larger than a half field viewed with a 4 x

objective), they are considered to represent a sarcomatoid transformation. Using this

definition, we found that 2 patients in the current study also developed other sarcomatoid

transformations, including rhabdomyosarcoma and leiomyosarcoma, and 1 patient

developed a poorly differentiated carcinoma.

The angiosarcomatous component may develop in a primary mediastinal GCT or in

metastasis. In this study, nine patients showed an angiosarcomatous component in the

primary mediastinal GCT, while six patients had an angiosarcomatous component in

metastasis. Interestingly, three patients did not have an angiosarcomatous component in the

primary mediastinal tumor, but subsequently developed an angiosarcomatous component in

metastasis. Although this discrepancy could be due to inadequate sampling of the primary

mediastinal tumors, an alternative explanation is the emergence of an angiosarcomatous

component in metastasis due to drug selection. Patients with advanced mediastinal GCT

often receive cisplatin-based chemotherapy, which is highly effective against conventional

GCT components. However, sarcomatous components are notoriously resistant to cisplatin-

based chemotherapy, which allows a growth advantage of sarcomatous components over

conventional GCT components.

Previous studies have found that the presence of a sarcomatous component in a mediastinal

GCT carries a dismal prognosis.5-7 In the 25 cases of mediastinal GCT with sarcomatous

components that Malagón et al.5 reported, 16 patients died of tumor at a mean of 13 months,

3 patients were alive at a mean of 25 months, and 5 patients were lost in the follow-up after

diagnosis. Likewise, patients with an angiosarcomatous component in mediastinal GCTs

also have a poor clinical outcome. Manivel et al.6 reported 3 cases of mediastinal GCT with

angiosarcomatous components and all patients died of disease within 9 months. In the

current study, despite surgical treatment and chemotherapy, all 10 patients who had follow-

up information either developed metastasis or local recurrence, and 7 died of disease. Of the

7 expired patients, 4 had a biopsy of the metastasis. An angiosarcomatous component was
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present in all 4 cases. In addition, other components, including mature teratoma,

rhabdomyosarcoma and undifferentiated sarcoma, were also present in 2 of these cases.

Although the angiosarcomatous component is a plausible cause of death in the expired

patients, it cannot be ruled out that some patients might die of other sarcomas or even

progressive germ cell tumor of the usual type. The poor clinical outcome is indicated

whether the angiosarcomatous component is present in a primary mediastinal GCT or in its

metastasis. Furthermore, the same outcome is observed in mediastinal GCTs with even a

small amount of angiosarcomatous component, such as 5% of the tumor.

The presence of a somatic component in GCT is a major challenge in disease management.

Although most GCTs are highly sensitive to cisplatin-based chemotherapy, somatic,

particularly sarcomatous, components are resistant to this treatment. Recent studies found

that patients with a single histologic type of somatic component could achieve long-term

survival when they were treated with a chemotherapeutic regimen based on the specific

histologic type of somatic component.20,21 In our study, 3 patients received chemotherapy

containing doxorubicin, a drug that has been successfully used to treat sarcomas,22 and 2

achieved long-term survival. Therefore, our limited retrospective study suggests that patients

with an angiosarcomatous component may benefit from sarcoma-oriented drugs, although

this should be verified in large studies.

In summary, our study represents the largest series of mediastinal GCTs with an

angiosarcomatous component to date. The angiosarcomatous component may develop in a

primary mediastinal GCT or in its metastasis. The high prevalence of a teratomatous

component in the mediastinal GCTs with an angiosarcomatous component suggests that the

angiosarcomatous component may arise from malignant transformation of a teratomatous

component, although alternative origins are also possible. The presence of an

angiosarcomatous component in mediastinal GCT, even in a small amount, is associated

with metastasis and local recurrence, and carries a poor clinical outcome.
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Figure 1.
Angiosarcoma admixed with teratoma in a mediastinal GCT. The angiosarcoma component

(left) shows irregular vascular spaces and the teratoma component (right) is composed of

well differentiated glandular epithelium.
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Figure 2.
Angiosarcoma showing irregular vascular spaces that anastomose and branch in a sinusoidal

fashion (A). The atypical endothelial cells are immunoreactive for CD 31 (B), CD 34 (C)

and Factor VIII (D).
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Figure 3.
Angiosarcoma showing high grade cellular atypia with pleomorphic and hyperchromatic

nuclei.
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Figure 4.
Angiosarcoma showing various differentiations. The well differentiated area shows easily

recognizable vascular spaces lined by spindle endothelial cells. The poorly differentiated

area is composed of closely packed epithelioid cells with rudimentary formation of vascular

spaces.
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