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We aimed to evaluate the histologic components of primary mediastinal mixed germ cell
tumors. A total of 221 patients diagnosed with a mediastinal germ cell tumor (GCT) were
retrospectively reviewed. Among them, 14 patients underwent surgical resection after
chemotherapy and 8 patients were diagnosed with mixed GCT, who were then selected for
further evaluation. Clinical chart review and histologic review of biopsy and surgical
specimens of 8 patients were performed. All 8 patients were young males and showed a
mature teratoma or a mature teratoma with a focal immature teratoma in the resected
specimens. Serum alpha-feto protein was variably elevated. Seven patients experienced an
increase in tumor size after the chemotherapy. In 5 patients, a variable amount of
vasculoconnective tissue was found along with the mature teratoma occupying average
66.3% of resected mass, and 3 of them showed an identical vasculoconnective component
on biopsy before chemotherapy. We suggest that vasculoconnective tissue might be the
intrinsic component of primary mediastinal mixed GCT. When vasculoconnective tissue is
obtained on small biopsy of an anterior mediastinal mass of a young male, the possibility

of underlying mixed GCT should be considered and further clinical work up should be

performed.
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INTRODUCTION

Extragonadal germ cell tumors (EGCTs) comprise 2.3%-8.2% of
germ cell tumors (GCTs) (1, 2). EGCTs usually occur in the mid-
line of the body, including the mediastinum, retroperitoneum,
and pineal gland. Over 90% of EGCT occurs in young males be-
tween the ages of 20 and 35 yr (3). The anterior mediastinum is
the most common primary site, which accounts for 50%-70% of
all EGCT (2). Patients with a primary mediastinal GCT are usu-
ally asymptomatic, or present with cardiopulmonary symptoms
due to the compressive effect of a large mass (4). Primary medi-
astinal GCTs are separated into seminomas and non-semino-
matous GCTs. In the mediastinum, teratomas (40%-60%) are
the most common GCT followed by mixed GCTs (13%-25%)
and seminomas (15%-20%) (5, 6).

Needle biopsy is performed for mediastinal masses prior to
chemotherapy, as a diagnostic clue for GCT or to exclude other
diagnoses such as a seminoma, lymphoma or another thymic
malignancy. Diagnostic elements can be detected on needle
biopsy, but non-diagnostic components such as totally necrotic
tissue or fibrovascular tissue is also obtained, in the patient who
is clinically suspected of mixed GCT. However, when a patient
with an anterior mediastinal mass presents with elevation of
serum beta-human chorionic gonadotrophin (bHCG) and/or
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alpha-fetoprotein (AFP), the diagnosis of a mixed GCT could
be rendered and subsequent platinum-based chemotherapy is
started.

During chemotherapy, GCTs other than teratomas soon re-
gress and decrease in size. Subsequent surgical resection follows
in cases with a residual mass or a chemoresistant component.
In most cases, the residual histology of the tumor after chemo-
therapy is comprised of a mature and/or immature teratoma.
Since the first-line treatment for a mixed GCT is platinum-based
chemotherapy, a detailed histologic component of the pre-ex-
isting mixed GCT prior to chemotherapy has not been thorou-
ghly investigated. We aimed to evaluate the histologic compo-
nents of primary mediastinal mixed GCTs by retrospectively re-
viewing cases of patients with mediastinal mixed GCTs. Clinical
features and histology of the pre-treatment biopsy and post-treat-
ment surgical resection were reviewed.

MATERIALS AND METHODS

Study subjects

Retrospectively, 221 patients were diagnosed with a primary
mediastinal GCT at Samsung Medical Center from March 1994
to August 2014 (a 21-yr period). Fourteen patients received sub-
sequent surgical resection after chemotherapy, and among
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them, 8 patients were clinically and pathologically diagnosed
with a mixed GCT and finally included for further evaluation.
Clinicopathologic variables including gender, age, level of se-
rum AFP and bHCG, radiologic finding, and overall survival
were collected. Slides of the initial needle biopsy before chemo-
therapy, and those of the surgically resected specimens after
chemotherapy were reviewed by two pathologists. Available
gross photos of resected specimens after chemotherapy were
analyzed with Image J program to assess the proportion of vas-
culoconnective tissue.

Ethics statement

This study protocol has been reviewed and exempted of review
by the institutional review board (IRB) of Samsung Medical Cen-
ter (IRB No. 2014-11-083).

RESULTS

Among the 221 patients, pathologic diagnoses of the primary
mediastinal GCT were recorded as a mature teratoma in 172
(77.5%), seminoma in 12 (5.4%), yolk sac tumor in 12 (5.4%),
mixed GCT in 11 (6.3%), immature teratoma in 8 (3.6%), and
mature teratoma associated with somatic carcinoma in 6 (2.7%)
patients. All of the female patients underwent surgical resection,
and most of them were diagnosed with a mature teratoma, ex-
cept for one patient who had a mature teratoma associated with
somatic carcinoma. Meanwhile, the male patients had variable
types of GCTs, though a mature teratoma was the most common
diagnosis. The distribution of diagnoses according to specimen
type and histological type is summarized in Table 1.

Fourteen patients received subsequent surgical resection for

Table 1. Initial distribution and histologic diagnosis according to specimen type and
gender

No. (%) of patients

Diagnosis
Female Male Total
By biopsy 0 31 (100) 31 (100)
Mature teratoma 0 5(16.1) 5(16.1)
Immature teratoma 0 2 (6.5) 2 (6.5)
Seminoma 0 8(25.8) 8 (25.8)
Mixed germ cell tumor 0 7 (22.6) 7 (22.6)
Yolk sac tumor 0 9(29.0) 9(29.0)
By mediastinal resection 111 (64.2) 62 (35.8) 173 (100)
Mature teratoma 110 (63.6) 45 (26.0) 155 (89.6)
Mature teratoma with carcinoma 1(0.6) 4(2.3) 5(2.9)
Immature teratoma 0 6 (3.47) 6 (3.5)
Seminoma 0 2(1.2) 2(1.2)
Mixed germ cell tumor 0 2(1.2) 2(1.2)
Yolk sac tumor 0 3(1.7) 3(1.7)
By thymectomy 4(23.5) 13 (76.5) 17 (100)
Mature teratoma 4(23.5) 8 (47.1) 12 (70.6)
Mature teratoma with carcinoma 0 1(5.9 1(6.9
Seminoma 0 2(11.8) 2(11.8)
Mixed germ cell tumor 0 2(11.8) 2(11.8)
Total 115 106 221
1086  http://jkms.org

the mediastinal GCT after chemotherapy. And 8 of these 14 pa-
tients were diagnosed with a mixed GCT based on clinical and
pathologic information and selected for further evaluation, as
shown in Table 2.

In these 8 patients, pathologic diagnoses on biopsy before
chemotherapy were recorded as 1 yolk sac tumor, 4 mixed GCTs,
2 non-diagnostic biopsies containing vasculoconnective tissue
and 1 immature teratoma. The specimens surgically resected
after chemotherapy were determined to be mostly mature tera-
tomas (5/8, 62.5%) and mature teratomas with a focal immature
teratoma (3/8, 37.5%). All 8 patients were male, with a mean
age of 23.9 yr (range 13-45 yr), and the average follow-up period
was 25.7 months (range 4.7-70.1 months). The mean serum AFP
was 1,740.9 ng/mL (range 326.2-5,760.0 ng/mL). Six patients
demonstrated an elevated serum bHCG along with AFP, rang-
ing from 25-2,471.2 mIU/mL with an average of 619.4 mIU/mL.
After chemotherapy, serum AFP and bHCG were normalized
in all patients. Seven of 8 patients experienced an increase and/
or no change in tumor sizes. Three patients died of the disease,
overall survival was 7 months on average (range 6.5-7.6 months),
and 5 patients are alive and well so far, for an average of 36.9
months (ranged 4.7-70.1 months). Two patients were diagnosed
with non-diagnostic vasculoconnective tissue on the initial bi-
opsy. Since both patients had elevated serum AFP (2,353.8 ng/
mL and 930 ng/mL), and bHCG (2,471.2 mIU/mL and 123.5
mlU/mL), under a clinical diagnosis of mixed GCT, they receiv-
ed 4 and 2 cycles of chemotherapy, respectively. The clinicopa-
thologic profiles of these patients are summarized in Table 3.

Grossly, all patients exhibited large, well-circumscribed
masses with multifocal hemorrhages and cystic changes in the
cut surface (Fig. 1). On microscopic examination, all 8 patients
had obvious residual teratomatous components. Variable amounts
of vasculoconnective tissue were observed in 5 patients (Fig. 2).
The vasculoconnective components were intermingled with
the teratomatous components, rather than marginated. When

Table 2. Comparison of pathological diagnoses before and after chemotherapy in 14
patients that underwent surgical resection

Biopsy pathology before No. (%) of Surgical pathology No. (%) of
chemotherapy patients after chemotherapy patients
YST 7 (50) YST 2(14.3)

MT 1(7.1)
Total necrosis 4 (28.6)
Mixed GCT 4 (28.6) MT 31 (21.4)
MT with focal IMT 1*(7.1)
Non-diagnostic 2(14.3) MT with focal IMT 1°(7.1)
vasculoconnective tissue MT 1°(7.1)
IMT 1(7.1) MT with focal IMT 1*(7.1)
Total 14 (100) 14 (100)

*Patients who were diagnosed with a mixed GCT based on clinical and pathological
information including serum tumor markers and histology; "Among these 3 patients,
one received two biopsies because the initial biopsy revealed only fibrovascular tis-
sue. YST, yolk sac tumor; MT, mature teratoma; IMT, immature teratoma; GCT, germ
cell tumor.
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Table 3. Clinicopathological profile of 8 patients who underwent surgical resection for a mediastinal mass after chemotherapy

Pre-CTx Post-CTx Growing Vasculo-
Case Gen- : ) Image ;
num- Gen- Age Seum  Serum  Tumor  CTX  Surgical Serum  Serum  Tumor  rate  connective o, FU - Patient
ber 96" O Biopsypathology  AFP DHCG  size TeOiMeN patholo- AFP  DHCG  size M/ compo- o p (Mo} state
(ng/mL) (mIW/mL)  (cm) (ng/mL) (mIU/mL) (cm) month)  nent
1 M 18 Vasculconnective 2,353.8 2,471.2 136 BEP#4 MT+ 3.6 1.5 19 0.077 Present  Increased 701 NED
tissue only focal IMT size
2 M 13 Mixed GCT 850 25 89 BEP#3 1 1 12 0.4493 Present  No change 6.9 Expired
3 M 15 Vasculconnective 930 1235 95 BEP#2 1 1 15 0.1017 Present  Nochange 54.1  NED
tissue only
4 M 24 First biopsy: vas- 326.2 346 115 BEP#6 MT+ 1.1 0.4 15 0.4375 Present  Increased 8 NED
culconnective focal IMT size
tissue only
Second biopsy:
mixed GCT
5 M 20 Mixed GCT 2,1991 106 9.2 BEP#3 MT+ 2.1 0.4 145 11277 Present  Increased 47  NED
focal IMT size
6 M 24 YST 5,760 956  17.4 BEP#4 19 1.9 17 -0.008 Absent  Nochange 47.4  NED
7 M 32 Mixed GCT 879.9 78 15 BEP #4 7.4 2 15.6  0.0923 Absent Increased 6.5 Expired
size
8 M 45 IMT 628 1.3 NA BEP #4 1 NA 4 NA  Absent Increased 7.6 Expired
size of
lung me-
tastasis

M, male; YST, yolk sac tumor; GCT, germ cell tumor; MT, mature teratoma; IMT, immature teratoma; AFP, alpha-feto protein; bHCG, beta human chorionic gonadotrophin; BEP,
bleomycin, etoposide, cisplatin; NA, not assessed; NED, no evidence of disease; CTx, chemotherapy; FU, follow-up period; mo, months.

Fig. 1. Resected mediastinal mixed germ cell tumor gross specimen. The mass is
well circumscribed, which corresponds to the gross feature of a teratoma. The cut
surface shows necrosis, hemorrhage and cystic change.

the pre-chemotherapy needle biopsies of 5 patients were re-
viewed retrospectively, a vasculoconnective component was
observed in 4 of the 5 patients who had a vasculoconnective
component in the resected specimen (Fig. 3A, E, G, and I). In 2
of the 5 resected specimens, moderate to severe cytologic atyp-
ia in the vasculoconnective component was found (Fig. 3D, H).
In available gross photos of 4 patients, vasculoconnective tissue
intermingled with mature teratoma accounted for average 66.3%
(range 57.6%-71.5%) of largest cut surface of the resected medi-
astinal mass.

http://dx.doi.org/10.3346/jkms.2015.30.8.1085

DISCUSSION

In the current study, we retrospectively reviewed paired needle
biopsies and surgical resection specimens of primary mediasti-
nal GCTs before and after chemotherapy in 8 patients. Interest-
ingly, 5 of 8 patients showed predominant vasculoconnective
components intermingled with mature teratoma in the resect-
ed specimens.

Interestingly, two cases in the present study showed frank
cellular atypia in the vasculoconnective component, but it is
different from previously described sarcomatous elements of
GCTs. According to Malagon et al. (7), sarcomatous component
within a GCT is characterized by expansile growth and infiltra-
tion into the peripheral surrounding tissue, and morphological
and immunohistochemical features should demonstrate an
obvious distinct type of sarcoma. In our two cases, an identifi-
able marginated area or infiltrative features were absent. Fur-
thermore, cellular atypia was not correlated with patient prog-
nosis in the current study, in contrast to the poor prognosis of
patients with a sarcomatous component in the study of Malag-
onetal. (7).

Although there has not been focused research on the vascu-
loconnective component of mediastinal GCTs, several reports
of mature and/or immature teratomas accompanied by hem-
angiomatous elements have been reported in ovarian GCTs (8-
10). Since malignancies with neural components, such as glio-
blastomas and immature teratomas, have been association
with vascular proliferation (11), it has been suggested that the
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]KMS Cha YJ, etal. = Vasculoconnective Component in Mediastinal Mixed Germ Cell Tumors

Fig. 2. Low-power view of 5 resected mediastinal germ cell tumors after chemotherapy harboring a vasculoconnective component (Hematoxylin and eosin staining, magnifica-
tion, x 12.5). With variable degrees of hemorrhage, cystically delated glandular components and cartilaginous components of the mature teratoma are easily seen. Since the
vasculoconnective components are intermingled with the underlying teratoma, there is no discernable mass-like lesion under low-power magnification. (A, case 1; B, case 2; C,
case 3; D, case 4; E, case 5).

Fig. 3. Biopsy specimen before chemotherapy (A, C, E, G, 1, J) and the vasculoconnective component in the resected specimen after chemotherapy (B, D, F, H, K) (Hematoxylin
and eosin staining, magnification, x 40, magnification of inbox, x 200). Only two biopsy specimens (case 2, G and case 5, J) were diagnostic for a germ cell tumor (GCT). In
two patients (case 2 and case 4), a variable degree of cellular atypia is found in the resected specimen (D and H, inbox). In case 5, the first biopsy shows no identifiable GCT
component (I). However, in the second biopsy, an embryonal carcinoma-like area is detected (J). Histological features of the vasculoconnective components were insufficient for
diagnosis of angiosarcoma (Case 1, A and B; Case 2, C and D; Case 3, E and F; Case 4, G and H; Case 5, I, J, and K).
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neural component of mature teratomas induces vascular pro-
liferation (10). However, in the current study, a neural compo-
nent was not observed in the 5 resected specimens containing
a vasculoconnective component. Ironically, 3 of the 8 resected
specimens without a vasculoconnective component had ma-
ture glial tissue in mature teratoma. This discordance could be
due to the gender inequality between ovarian GCT and medi-
astinal GCT, and also may be resulted from limitation of the
sample size of the current study.

Clinically, 8 patients in the current study had features of grow-
ing teratoma syndrome (GTS), which is characterized by the
following features: tumor size might be not changed or may
even increase during or after chemotherapy, though serum tu-
mor markers are normalized, and surgically resected tumor ex-
clusively shows a mature teratomatous component (12). In such
cases, surgical resection rather than chemotherapy is the treat-
ment of choice, to avoid the cardiopulmonary deterioration of
patients (13, 14). In a prior study of primary mediastinal GTS,
all patients were young males, had variable prognosis, and dem-
onstrated elevated serum AFP (13, 15-22). In a study by Kesler
et al. (21), 5 out of 188 primary mediastinal NSGCT patients
had primary mediastinal GTS. Two of 5 patients had foci of an-
giosarcoma within mature teratoma. However, the angiosarco-
ma components have not been described clearly, and it is un-
clear whether it was a true discrete sarcomatous component or
more similar to the vasculoconnective component in the pres-
ent study.

Thus far, only two cases of vascular elements in mediastinal
mixed GCTs have been reported (23, 24). Hui et al. (24) describ-
ed a mediastinal mixed GCT in a 14-yr-old boy, which was pre-
dominantly composed of vasculoconnective elements mimick-
ing a hemangioma and a mature teratoma in the resected spec-
imen after chemotherapy. They concluded that the vasculocon-
nective tissue might be a result of postchemotherapeutic chang-
es. However, Nuti et al. (23) reported another case of a primary
mediastinal mixed GCT in a 37-yr-old male, and over 90% of

the tumor was composed of vasculoconnective elements. In
that study, the patient underwent surgical resection without
prior chemotherapy, because the initial needle biopsy revealed
only vasculoconnective tissue, which is suggestive of a heman-
gioma. Even though there were no comments regarding the pa-
tient’s serum AFP, it is suspected that the serum AFP would have
been elevated, because the resected specimen harbored a yolk
sac tumor component together with a large amount of vasculo-
connective tissue and a mature teratoma.

Recently, we encountered a mediastinal mixed GCT in a 19-
yr-old male, which is similar to the case of Nuti et al. (23). He was
initially diagnosed with a hemangioma from needle biopsy of
the anterior mediastinal mass, and underwent surgical resec-
tion without further work up or chemotherapy. The resected
specimen was composed of a predominantly mature teratoma
and hemangioma-like vasculoconnective tissue, with a focal
yolk sac tumor, which was consistent with mixed GCT (Fig. 4).
The serum AFP level immediately after surgical resection was
elevated up to 205.5 ng/mL.

In the current study, we postulated that the vasculoconnec-
tive component in previous studies (23, 24) and the current study
would be the intrinsic component of primary mediastinal mixed
GCT. These vasculoconnective components are different from
sarcomatous components, because they are intermingled with
residual teratoma, rather than forming a mass-like lesion or in-
filtrate into the surrounding tissue. Furthermore, histology of
the vasculoconnective component was insufficient for diagno-
sis of angiosarcoma, though a variable degree of cellular atypia
was found in two patients. However, the atypia of the vasculo-
connective component seemed to be unrelated to the patient’s
prognosis and might be on the spectrum of chemotherapy-in-
duced changes, though survival analysis was not feasible due to
the small number of patients and short follow-up period of the
current study. Together with our recent case described above
and previous studies (21, 23, 24), it is suspected that the vascu-
loconnective component may exist in mediastinal mixed GCTs

Fig. 4. A resected mediastinal mass without prior chemotherapy from an 18-yr-old male patient. Grossly, the mass is well circumscribed, and hemorrhage and cystic changes
are found on the cut surface (A). Microscopically, the mass is composed of a mature teratoma, yolk sac tumor, and an abundant vasculoconnective component (B, Hematoxylin
and eosin staining, magnification, x 12.5). On high-power view, the vasculoconnective component is seen to be intermingled with the yolk sac tumor (G, Hematoxylin and eosin
staining, magnification, x 100). An epidermal element with keratin is seen in the left lower corner (C).
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as an intrinsic component rather than a postchemotherapy-re-
lated change.

When vasculoconnective tissue without a notable GCT com-
ponent is encountered in the biopsy of a mediastinal mass in a
young male patient, it tends to be regarded as a mistargeted
specimen, overlooked as a non-diagnostic element, or misdi-
agnosed as another lesion such as a vascular neoplasm. How-
ever, further work up including examination of serum AFP and
bHCG levels should be performed to exclude the possibility of
an underlying mixed GCT considering vasculoconnective tis-
sue occupies over 50% of mediastinal mass in current study. Also,
the risk of development of GTS should be considered when es-
tablishing a treatment plan in patients with mediastinal mixed
GCTs harboring a vasculoconnective component. Extended
prospective studies with larger cohorts are required to further
evaluate the clinical implications of the vasculoconnective com-
ponents of mediastinal mixed GCTs.
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