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Abstract: Mediastinal germ cell tumors (GCTs) are a rare and heterogeneous group of neoplasms.
Although histologically resembling their gonadal counterparts, they differ considerably in their clinical
characteristics, biological behavior and prognostic outcome. The rarity of mediastinal GCTs has hindered
their meaningful analysis, with most studies and clinical trials including them along with other extragonadal
GCTT5, which has led to a lack of consensus on optimal treatment strategies, and a lull in improvement in
patient outcomes. Diagnosis of mediastinal GCT requires a multipronged approach, and encompasses
multidisciplinary treatment including chemotherapy followed by surgery, with or without radiotherapy. In
view of sustained response rates to current management protocols, the focus needs to be shifted to identifying
patients in whom treatment regimens can be downscaled with the aim of decreasing long term morbidity
and improving quality of life in low risk patient groups, while improving survival rates in poor risk patient
subsets. In this scenario, better understanding of the molecular pathogenesis of these tumors may lead to
identification of novel biomarkers and therapeutic targets, as well as improved disease segmentation and risk
stratification, thus helping to avoid the toxicity and morbidity associated with current one-fits-all treatment

strategies. Multi-institutional collaborations across continents are necessary to generate meaningful data, and

are the face of future developments in this arena.
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Introduction

The mediastinum is the most common extragonadal primary
site for germ cell tumors (GCT5s) (1). Mediastinal GCTs are
a rare and heterogeneous group of neoplasms. Although
histologically resembling their gonadal counterparts, they
differ considerably in their clinical characteristics, biological
behavior and prognostic outcome. In the pediatric age
group, mediastinal GCT have been found to account for
6 to 25% of all mediastinal tumors (2-7), and 3-7% of all
pediatric GCTs (1,8,9).

Regardless of patient age, extragonadal GCT5, including
mediastinal GCTS, arise due to arrested migration of totipotent
primordial germ cells during fetal development (10). Thus,
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they encompass the entire range of histopathological subtypes
of GCTs seen in the gonads, leading to diverse outcomes,
as treatment and clinical outcomes vary according to the
histology. The rarity of mediastinal GCTs has hindered their
meaningful analysis, with most studies and clinical trials
including them along with other extragonadal GCTs. This
has led to a lack of consensus on optimal treatment strategies,
and a lull in improvement in patient outcomes. Details of
some studies on pediatric mediastinal GCTs are shown in
Table 1(1,4,6,9,11-13).

Demographics

Mediastinal GCTs display a bimodal age distribution, with
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Table 2 Histopathological classification of mediastinal germ cell
tumors

Prepubertal germ cell tumors
Teratoma
Yolk sac tumor
Mixed teratoma and yolk sac tumor
Postpubertal germ cell tumors
Single histological type
Seminoma
Embryonal carcinoma*
Choriocarcinoma*
Teratoma*
Yolk sac tumor*
More than one histological type

Mixed germ cell tumors (with or without a seminoma
component)*

*, nonseminomatous GCT.

one peak in infancy and the first few years of childhood, i.e.,
up to 5 years of age, and a second in adolescence and young
adulthood, i.e., starting at 13 years of age. While teratomas
and yolk sac tumors (YST) are common in the first peak,
seminomas are most frequent in the second. Teratomas may
also occur as congenital mediastinal masses on occasion (14).
Like GCTs at other locations, mediastinal GCTs display a
male preponderance (9).

Clinical presentation and diagnosis

Majority of tumors occur in the anterior mediastinum,
where they may reach a large size due to the non-confining
boundaries of this anatomic space (9,13). Patients may
present with non-specific symptoms, or with symptoms
related to mass effect: respiratory symptoms such as cough
and breathlessness due to compression of the trachea,
chest pain, or superior vena cava syndrome and heart
failure (15-17). Occasionally, patients may present with
clinical features due to hormone production by a functional
tumor, such as precocious puberty (18).

The diagnosis of GCT should be considered in any
pediatric patient with a mediastinal mass, and may be
suspected based on the clinical assessment. The main
differential diagnosis in this age group is lymphoma, which
can be excluded with appropriate laboratory investigations.
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Like GCTs at other locations, mediastinal GCTs are
associated with elevated serum levels of tumor markers,
including alpha fetoprotein (AFP) and B-human chorionic
gonadotropin (B-hCG). AFP is raised in YST, mixed GCTs
with a YST component, and may also be elevated in some
immature teratomas (9). B-hCG is markedly elevated in
choriocarcinomas, or choriocarcinomatous component
in a mixed GCT, and is slightly elevated in up to 20% of
seminomas, usually those with syncytiotrophoblasts (19).
In infants and very young children, it is important to take
into consideration the age-related normal values of serum
markers, as there is considerable difference from those in
adults.

The next investigative procedure would be imaging
studies such as computed tomography (CT) or magnetic
resonance imaging (MRI), which help to identify the
extent of the lesion. A definitive diagnosis can be made
only on histopathological examination, and an image-
guided biopsy may be performed to confirm the diagnosis
in equivocal cases, e.g., in patients in whom serum
markers are not within the diagnostic range. Although
a rare scenario, metastases from a testicular or ovarian
primary should be excluded by clinical examination
and appropriate imaging prior to making a diagnosis of
primary mediastinal GCT (20).

Mediastinal teratomas can occur as congenital tumors,
which may grow rapidly in utero (21). This rapid growth
may result in compromised venous return in the fetus,
and can lead to respiratory distress in the newborn if not
diagnosed antenatally. Compression of the heart and great
vessels can lead to non-immune fetal hydrops (22). Prenatal
ultrasound and fetal MRI aid in diagnosis and in planning
the management for these tumors.

Histopathology

The histopathological features of mediastinal GCT are
same as those in their testicular and ovarian counterparts.
Based on their clinical and biological features, GCTs are
classified into prepubertal and postpubertal types. From
a treatment point of view, they are grouped as seminomas
and nonseminomatous GCTs (20). The classification of
mediastinal GC'T5 is shown in Table 2.

Seminomas are circumscribed, lobulated, fleshy tumors.
Tumor cells are uniform, round to oval with abundant clear
to pale eosinophilic cytoplasm, and central vesicular nuclei
with prominent nucleoli. Thin fibrous septae separate
tumor cells into lobules. These septae are infiltrated by
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lymphocytes and plasma cells. Clusters of epithelioid
histiocytes may be present, which may also form well-
defined granulomas. On occasion, extensive granulomatous
reaction or fibrosis may obscure the tumor cells, making
diagnosis difficult, particularly on small biopsies.
Syncytiotrophoblasts may be seen interspersed between the
seminoma cells, or in a perivascular location. These cells are
responsible for elevation of B-hCG levels in patients with
pure seminomas.

Embryonal carcinoma is a malignant GCT composed
of epithelioid cells arranged in sheets, tubules and papillary
structures. Tumor cells have abundant cytoplasm, and large
vesicular nuclei with prominent macronucleoli. Brisk mitotic
activity, apoptosis and necrosis are frequently present.

YST recapitulates the morphological features of the
embryonal yolk sac and allantois, displaying a wide range of
architectural patterns including microcystic, macrocystic,
reticular, glandular, solid, pseudopapillary, polyvascular
vitelline, hepatoid, etc. These patterns do not have an
impact on the biological behavior of YSTs. Schiller-Duval
bodies, typically seen in YSTs, consist of a central vessel
lined by an inner layer of tumor cells that are separated
from an outer layer by a clear space.

Teratomas are composed of elements from all
three germ cell layers viz. ectoderm, mesoderm and
endoderm. They are classified as mature when comprised
of well-differentiated tissues, such as skin, hair, teeth,
gastrointestinal mucosa, pancreatic tissue, skeletal muscle,
bone, cartilage, glial tissue, etc., and as immature when they
contain immature neuroepithelium or other undifferentiated
elements. Pure immature teratomas are rare; most immature
teratomas are associated with another malignant GCT,
i.e., are mixed GCTs. Somatic non-germ cell malignancies
may arise within a teratoma when any one of the various
components undergoes malignant transformation. Some of
the somatic malignancies reported in pediatric mediastinal
teratomas include rhabdomyosarcoma and angiosarcoma
(23-27). These malignant components usually do not
respond to chemotherapy.

Choriocarcinoma is a highly malignant neoplasm
composed of syncytiotrophoblasts and cytotrophoblasts,
accompanied by foci of hemorrhage and necrosis. There is
considerable nuclear atypia, and frequent mitoses, including
atypical forms.

Following chemotherapy, excised GCTs show areas
of necrosis, lympho-histiocytic infiltration, and fibrosis.
Viable tumor may not be identifiable, making it difficult to
document all the components present within the tumor. On

© Mediastinum. All rights reserved.
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relapse, new GCT components may be present, which were
not present in the primary tumor.

Immunobistochemistry (IHC)

In the era of neoadjuvant therapy, the diagnosis of GCTs
is made on fine needle aspirates or core needle biopsies,
accompanied by serum tumor marker levels. In this scenario,
due to morphological overlap between the histological
types of GCTs, or small proportions of each type being
present, IHC is often necessary to document each of the
GCT components present within a tumor. IHC also helps
to distinguish GCTs from their differential diagnoses
like lymphoma, thymic carcinoma, Ewing sarcoma,
rhabdomyosarcoma, etc. The immunohistochemical
markers (20) used in diagnosis of GCTs are summarized
in Table 3. An important point to note, especially when
evaluating biopsies from metastatic sites is that GCTs,
particularly YST, can show immunopositivity for
cytokeratins used in panels for metastatic carcinomas,
such as focal CK7 and CK20 staining, and diffuse CK19

positivity, similar to adenocarcinomas.

Staging

Pediatric GCTs use post-surgical staging systems different
from those in adults. The Children’s Oncology Group
(COQG) staging system is used most frequently for risk
assessment in pediatric patients. The post-surgical staging
protocol is as follows:

% Stage I: complete resection with negative margins;

% Stage II: microscopic residual tumor or persistently

raised tumor markers, with negative lymph nodes;

% Stage III: lymph node involvement, gross residual

disease, or biopsy only;

% Stage IV: distant metastases.

For patients with extragonadal GCT, COG stage I/1I are
considered as intermediate risk, while COG stage II1I/IV are
considered as high risk.

A combination of age, tumor site and stage has been
used in risk stratification systems. The Malignant Germ
Cell International Collaborative (MaGIC) initiative, an
international collaborative effort set up in 2009, aimed to
establish a risk stratification system for pediatric GCTs
which could be used internationally in the setting of clinical
trials (28). For extragonadal GCT, according to this system,
low risk was defined as any age and COG stage I; standard
risk 1 was defined as age <11 years and COG stage II-
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be pos

syncytiotrophoblasts

May be pos

Pos

Pos

Neg

Neg

Pos occasionally

Neg

Pos Pos Pos

Pos

Embryonal
carcinoma

Neg Neg May be pos

Neg

Pos

Pos in
syncytiotrophoblasts

Pos Pos Pos Neg Neg

Choriocarcinoma

AFP, alpha-fetoprotein; CK, cytokeratin; EMA, epithelial membrane antigen; GPC-3, glypican-3; neg, negative; pos, positive; YST, yolk sac tumor.
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IV; standard risk 2 as age >11 and COG stage 1I; poor risk
included patients aged >11 years and COG stage III-IV.
The objective of this stratification system was to identify
patients with worse prognosis in whom first-line therapy
could be intensified, and those with a potentially excellent
outcome in whom therapy could be de-intensified.

Biology

Congenital chromosomal abnormalities such as Klinefelter
syndrome are associated with increased risk for development
of mediastinal GCTs (19,20). Williams et /. performed
array genotyping in a large cohort of 433 male pediatric
and adolescent patients and identified Klinefelter syndrome
in 13 patients, 9 (69%) of which were in the mediastinum,
and accounted for 31% of all mediastinal GCTs included
in the study (29). A role for genetic risk factors such as
isochromosome 12p for development of GCT was first
identified in adult testicular GCTs, and was later found to
be present in mediastinal post-pubertal GCTs as well.

A few studies have shown that GCT5s in all age groups
have shared genetic risk factors, which are present in
gonadal as well as extragonadal GCTs (30). Marcotte
et al., in a case-parent triad study of pediatric and adolescent
gonadal and extragonadal GCTTs, reported that variants
in BAKI, SPRY4, and GAB2 genes are associated with
increased risk for developing GCT. However, they did
not specify the location of extragonadal tumors apart from
intracranial extragonadal GCT (30).

With the availability of high throughput technologies,
the molecular landscape of GCTs at various locations is
being explored extensively. Whole exome sequencing
studies have identified mutations in MAPK and PI3K
pathways, i.e., in KIT, RAS, and mTOR, among other genes
(31,32) in gonadal and extragonadal GCTs, suggesting that
PI3K/AKT/mTOR inhibitors may serve as novel targeted
therapies for refractory GCTs. A significant enrichment
in the genes in the Jumonji domain-containing (JMJD)
has been reported in GCTs of the central nervous system.
JMJD consists of a group of histone deacetylases which play
a role in cellular processes such as transcriptional regulation
and chromatin remodeling, has been found to be necessary
for development of germ cells in mice, and interacts with
the androgen receptor in humans (31). This remains to
be evaluated in extragonadal GCTs other than those in
intracranial location.

Feldman et al., in their study on 70 GCTs, including
9 mediastinal GCTT5, reported that chemotherapy resistant
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tumors harbored more frequent mutations in AKT1 and
PIK3CA genes as compared to chemo-sensitive tumors, and
frequency of mutations was higher in mediastinal GCTs as
compared to other locations (33). There are only occasional
studies describing the genetic landscape of mediastinal
GCT per se. Nappi et al., in an abstract, reported the
results of targeted sequencing in 11 mediastinal GCTs,
including pediatric and adult patients, in which they
identified 12p amplification in 5 tumors, and mutations
in KIT (2 tumors), KRAS (1 tumor), TP53 (2 tumors) and
PTEN (1 tumor) (34). TP53 mutation was associated with
aggressive disease and poor outcome. Thus, although the
number of cases analyzed was small, they could generate
sufficient data to serve as a leading point for multicenter
collaborative studies with larger number of cases.

Altered gene expression due to changes in DNA
methylation is postulated to play a role in pathogenesis of
cancers. Global analyses of methylation profiles of various
neoplasms have shown that methylation is a widespread
event in cancer development. Apart from genetic
alterations, epigenetic mechanisms also probably contribute
to the development of GCTs. With this background,
Jeyapalan er al. examined the methylation status of pediatric
GCT5, including seminomas and YSTs. They found that
YSTs were hypermethylated at many gene regulatory
loci, and displayed a methylator phenotype different from
that seen in seen in other tumor types (35). Many of the
genes silenced by hypermethylation were known tumor
suppressor genes, which could be responsible for the more
aggressive behavior of YST as compared to seminomas.
The methylator phenotype was associated with increased
expression of the DNA methyl transferase DNMT3B,
suggesting that this might be the mechanism for the
methylator phenotype in these neoplasms.

Treatment

The treatment of mediastinal GCTs aims at complete
remission and is planned as per the histological type of
tumor and stage of the disease. Available treatment options
include surgery, chemotherapy and radiotherapy, and a
combination of these modalities.

Chemotherapy

Aggressive cisplatin-based multidrug chemotherapy
followed by complete resection of residual tumor is the
mainstay in the management of malignant mediastinal

© Mediastinum. All rights reserved.
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GCTs. Results of clinical trials have shown that pediatric
mediastinal malignant GCTs that received 3—4 cycles of
chemotherapy had a higher rate of complete resection
as compared to those that underwent upfront surgical
resection (6). Preoperative chemotherapy helps to
reduce the tumor bulk, making it amenable to complete
resection, especially if there is infiltration into adjacent
organs. Reduced tumor vascularity and friability following
chemotherapy also help prevent capsule violation during
surgery (13). The various chemotherapy protocols for
extragonadal/ mediastinal GCT are given in Table 4
(36-45). BEP is the most common regimen administered,
with cisplatin 20 mg/m’, etoposide 100 mg/m’ and
bleomycin 15 mg/m’ (1). In total, 20-30% of patients
demonstrate cisplatin resistance (33). Substitution of
cisplatin by carboplatin in some clinical trials did not
result in improved outcome (46,47). However, Shaikh
et al., in their systematic review of malignant GCT
treatment, concluded that carboplatin could be utilized
in young children with low to intermediate risk features,
and cisplatin in older children or those with high risk
features (46).

With the advent of multi-agent chemotherapy, the
outcomes of patients with localized disease showed
significant improvement. However, this was not paralleled
by improved outcomes for advanced disease. Although the
role of high-dose chemotherapy has mainly been studied in
adults, a few studies have documented its effects in pediatric
GCTs. The Pediatric Oncology Group and the Children’s
Cancer Group conducted a randomized trial to determine
effectiveness of high dose cisplatin-based chemotherapy in
pediatric patients with high risk disease. The study included
39 mediastinal GCTs. While the event-free survival was
significantly higher in patients who received the high-dose
regimen, toxicities were significant, precluding the use of
this regimen (36).

Subsequently, high dose chemotherapy (HDC) with
hematopoietic progenitor cell support (HPCS) in the form
of peripheral blood progenitor cells has been investigated as
an option for salvage therapy in cisplatin-resistant gonadal
and extragonadal GCTs. De Giorgi ez al. reported results
of salvage HDC in 23 children with relapsed extragonadal
GCT. Various HDC protocols were administered,
the most common being Carboplatin, etoposide and
cyclophosphamide; HPCS included peripheral blood
progenitor cells, autologous bone marrow transplantation,
or both. Complete remission was achieved in 70% of
patients. Of the two patients with mediastinal tumors, one
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achieved complete remission with no evidence of disease at
5 years, while the other had progressive disease (48). More
recently, Ocal et 4l. compared the outcome of mediastinal
GCT patients after hematopoietic stem cell transplantation
with non-mediastinal extragonadal GCTs. They found that
mediastinal GCT patients had better 5-year survival rates
than non-mediastinal GCTs (64.9% vs. 34.7%). However,
the authors did not specify the number of patients that were
from the pediatric age group (49). Thus, HDC with HPCS
as salvage treatment can induce remission in children with
extragonadal extracranial GCTs. However, prospective
randomized trials are necessary to confirm this finding.

Growing teratoma syndrome

There is a differential response of the various histological
types of GCT to chemotherapy, with malignant elements
like YST, embryonal carcinoma and choriocarcinoma being
highly sensitive, and teratomas being relatively insensitive.
Mixed GCTs consist of variable proportions of each of these
components. In rare mixed GCT patients, chemotherapy
is followed by a paradoxical increase in tumor size despite
normalization of previously elevated tumor markers. In the
mediastinum, tumor enlargement can lead to compression of
vital organs, resulting in symptoms due to cardiopulmonary
distress such as chest pain and breathlessness (50). This is
known as Growing teratoma syndrome. According to the
criteria proposed by Logothetis ez 4/., on surgical resection,
the specimen shows only a mature teratoma component
(51). However, in mediastinal mixed GCTs, patients with
growing teratoma syndrome have been found to have
predominantly mature teratoma accompanied by small foci
of malignant GCT or somatic malignancy within a teratoma
(50,52). Growing teratoma syndrome is managed by stopping
chemotherapy and referring the patient for surgery, which is
the gold standard (53). In inoperable cases, bevacizumab has
been found to be of some benefit in limiting the size of the
growing teratoma (54).

Surgery

Surgery is the mainstay of treatment for mature teratomas.
Surgical resection is also performed in non-teratomatous
GCT5 after neo-adjuvant chemotherapy to achieve complete
remission. As most tumors are situated in the anterior
mediastinum, anterolateral thoracotomy, posterolateral
thoracotomy or median sternotomy approaches can be
used to reach the tumor. Tumors often encase the major
vessels. They are also frequently adherent to pleura and
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pericardium, which may be resected along with the tumor
if required. Partial or complete thymectomy may also be
required (6). In all cases, complete excision is the aim of the
surgery, and the plan for surgery is primarily based on the
type of GCT.

Mature teratomas of the mediastinum are best dealt with
by surgical excision, as they can be completely excised and
render remission. Surgical excision should be complete
and spill-proof to avoid seeding in the mediastinum and
recurrence later in life. In case of congenital mediastinal
teratomas with features of non-immune hydrops or
respiratory distress, ex utero intrapartum treatment (EXIT)
has been reported in occasional cases (22). In this procedure,
a multidisciplinary team conducts the surgery under
maternal general anesthesia. A cesarean section is performed
to permit exposure of the fetal chest by delivering the head,
neck, arms and upper trunk, following which the airway can
be evaluated and secured. A large mediastinal tumor may
then be excised via median sternotomy approach (22).

Studies reporting outcome specifically for mediastinal
subsets of children and adolescents with malignant
GCTs treated with platinum-based regimens suggest that
although this site is considered less favorable, good event-
free survival rates can be achieved. Surgery is therefore
regarded as adjuvant therapy for resection of residual
tumors in patients who respond to chemotherapy. In
patients that do not respond to first-line chemotherapy,
surgery may be attempted for tumors that are amenable
to complete resection, in view of poor response to second
line chemotherapy and limited therapeutic options (55).
Surgical resection of the tumor, either at onset or as post-
induction surgery, leads to improvement in overall survival.
It not only helps to remove tumor tissue that is resistant to
chemotherapy, but histological examination of the tumor
helps assess pathological response to chemotherapy and
plan further management.

Radiotherapy

Despite the considerable advances made in the field of
radiation oncology in recent years, there is no consensus on
whether combination of radiotherapy with chemotherapy
and/or surgery is an effective treatment option for
mediastinal GCTs, and only occasional studies have
evaluated the benefit of radiation in patients with malignant
mediastinal GCTs.

Wang et al. evaluated the role of radiotherapy at a
median dose of 52 Gy in a study on 61 patients with primary
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malignant mediastinal non-seminomatous GCTs, and
found that patients receiving radiation had improved five-
year overall and progression-free survival rates as compared
to those who not receiving it. They concluded that
radiotherapy could be a wise option for treatment of tumors
refractory to platinum-based chemotherapy, to reduce local
recurrence and improve survival of malignant mediastinal
non-seminomatous GCT patients (56).

Huang et /. administered radiation to 12 patients at a
median dose of 36 Gy for seminomatous (7 patients) and
50 Gy for non-seminomatous (5 patients) mediastinal GCTs,
six following chemotherapy and six following chemotherapy
and surgery. They found that none of the patients that were
irradiated developed local recurrence. The 7 seminomatous
GCT patients had sustained complete response (5 year DFS
100%), while 1 of the 5 non-seminomatous GCT patients
relapsed with distant metastasis (5-year DFS 66.7%). They
concluded that in patients with residual tumor following
neoadjuvant chemotherapy and surgery, salvage radiation
is a viable therapeutic option, and definitive radiotherapy
may be effective in management of patients with incomplete
response after chemotherapy who do not undergo surgical
resection (1).

Thus, it appears that, as vital mediastinal structures
can tolerate the radiation doses used, radiotherapy may
be an effective alternative to surgical resection for tumors
refractory to chemotherapy, as well as for inoperable
tumors, and local relapses in patients previously treated
with chemotherapy.

Outcome

Since its advent in the 1970s, the use of platinum-based
chemotherapy regimens has led to improved survival
rates for children with GCTs. However, due to the
marked heterogeneity, these good outcomes are not
evenly distributed across patient age, tumor location, and
histological tumor type. Mediastinal GCTs have been
found to have worse prognosis as compared to gonadal
GCTs as well as other extragonadal GCTs (42,57,58). Their
proximity to vital structures, which they often infiltrate,
may be responsible for this to some extent (6). Five-year
overall survival rates range from 40-60% (1,9,58,59).
Mature teratomas have an excellent prognosis following
complete excision, while immature teratomas have a fair
outcome after surgery followed by chemotherapy.

An age >11 years, advanced stage disease, incomplete
excision (9), absence of response and resistance to first-
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line chemotherapy, associated hematologic malignancies,
distant metastases, and somatic-type malignancies arising
in GCTs have been found to be significantly associated
with worse long-term disease-free survival (19,47). Distant
metastases have been reported in up to 47% of patients
(9,40,58,60,61).

Mediastinal GCTs have been found to be associated with
the development of hematological neoplasms, particularly
myeloid neoplasms (10,60-67). Among myeloid neoplasms,
those of megakaryocytic lineage are most frequent (68). This
association is seen predominantly in non-seminomatous
GCT, particularly in YST, and in adolescents or young
adult males (68,69). These hematological malignancies
may occur synchronously or subsequently, usually within
a year (10). They are believed to arise from hematopoietic
precursor cells within the YST component. Initially
thought to be therapy-related, they were subsequently
found to harbor cytogenetic abnormalities seen in GCTs,
e.g., isochromosome 12p, indicating a common clonal
origin. The incidence of hematological malignancies in
mediastinal GCT patients has been reported to be as high
as 60% (10,61); however, as this data is mostly derived from
small series, it is likely to be an overrepresentation. Myeloid
leukemia in GCT patients usually has a dismal prognosis,
with allogeneic bone marrow transplantation being the only
curative treatment option (10,68), and majority of patients
not surviving beyond 5 years (68).

Challenges and insights into future development

Diagnosis of mediastinal GCT requires a multipronged
approach, and is followed by multidisciplinary treatment
including chemotherapy followed by surgery, with or
without radiotherapy. In view of good response rates to
current management protocols, the focus needs to be shifted
to identifying patients in whom treatment regimens can be
downscaled with the aim of decreasing long term morbidity
and improving quality of life in low risk patient groups,
while improving survival rates in poor risk patient subsets.
In this scenario, better understanding of the molecular
pathogenesis of these tumors may lead to identification
of novel biomarkers and therapeutic targets, as well as
improved disease segmentation and risk stratification, thus
helping to avoid the toxicity and morbidity associated with
current one-fits-all treatment strategies. Due to the rarity of
mediastinal GCTs, multi-institutional collaborations across
continents are necessary to generate meaningful data, and
are the face of future developments in this arena.
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