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The College does not permit reproduction of any substantial portion of these protocols without its written
authorization. The College hereby authorizes use of these protocols by physicians and other health care providers
in reporting on surgical specimens, in teaching, and in carrying out medical research for nonprofit purposes. This
authorization does not extend to reproduction or other use of any substantial portion of these protocols for
commercial purposes without the written consent of the College.

The CAP also authorizes physicians and other health care practitioners to make modified versions of the
Protocols solely for their individual use in reporting on surgical specimens for individual patients, teaching, and
carrying out medical research for non-profit purposes.

The CAP further authorizes the following uses by physicians and other health care practitioners, in reporting on
surgical specimens for individual patients, in teaching, and in carrying out medical research for non-profit
purposes: (1) Dictation from the original or modified protocols for the purposes of creating a text-based patient
record on paper, or in a word processing document; (2) Copying from the original or modified protocols into a
text-based patient record on paper, or in a word processing document; (3) The use of a computerized system
for items (1) and (2), provided that the protocol data is stored intact as a single text-based document, and is not
stored as multiple discrete data fields.

Other than uses (1), (2), and (3) above, the CAP does not authorize any use of the Protocols in electronic medical
records systems, pathology informatics systems, cancer registry computer systems, computerized databases,
mappings between coding works, or any computerized system without a written license from the CAP.

Any public dissemination of the original or modified protocols is prohibited without a written license from the CAP.

The College of American Pathologists offers these protocols to assist pathologists in providing clinically useful
and relevant information when reporting results of surgical specimen examinations of surgical specimens. The
College regards the reporting elements in the “Surgical Pathology Cancer Case Summary” portion of the
protocols as essential elements of the pathology report. However, the manner in which these elements are
reported is at the discretion of each specific pathologist, taking into account clinician preferences, institutional
policies, and individual practice.

The College developed these protocols as an educational tool to assist pathologists in the useful reporting of
relevant information. It did not issue the protocols for use in litigation, reimbursement, or other contexts.
Nevertheless, the College recognizes that the protocols might be used by hospitals, attorneys, payers, and
others. Indeed, effective January 1, 2004, the Commission on Cancer of the American College of Surgeons
mandated the use of the required data elements of the protocols as part of its Cancer Program Standards for
Approved Cancer Programs. Therefore, it becomes even more important for pathologists to familiarize
themselves with these documents. At the same time, the College cautions that use of the protocols other than for
their intended educational purpose may involve additional considerations that are beyond the scope of this
document.

The inclusion of a product name or service in a CAP publication should not be construed as an endorsement of
such product or service, nor is failure to include the name of a product or service to be construed as disapproval.
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CAP Extragonadal Germ Cell Tumor Protocol Revision History

Version Code
The definition of version control and an explanation of version codes can be found at www.cap.org (search:
cancer protocol terms).

Summary of Changes
This is a major revision to the protocol. Extensive changes have been made throughout the document.
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Surgical Pathology Cancer Case Summary

Protocol web posting date: August 2016

EXTRAGONADAL GERM CELL TUMOR: Biopsy, Resection
Select a single response unless otherwise indicated.

Procedure

Biopsy

____ Core needle biopsy
___Incisional biopsy
__ Excisional biopsy

Resection
Marginal resection
Wide resection

___ Other (specify):
__ Not specified

Patient Age (Note A)

___ Congenital/neonatal (birth - 6 mo)
____ Childhood/prepubertal (7 mo - 11 y)
__ Postpubertal/adult (212 y)

Tumor Site (Note B)

___Intracranial

__Head and neck region (including thyroid; excluding intracranial)
__ Mediastinum (pericardium, heart, thymus, and lung)
___Retroperitoneum/abdomen

____Sacrococcygeal
___ Other (specify):
__ Not specified

Tumor Size (Note C)

Greatest dimension: ___ cm
+ Additional dimensions: __ x___cm
__ Cannot be determined (explain):

Histologic Type (Note D)

Teratoma

__ Mature teratoma

__Immature teratoma

__ Mature or immature teratoma with additional malignant somatic component
(specify type, eg, epithelial malignancy, sarcoma):

Malignant Germ Cell
___Germinoma

___Yolk sac tumor

__ Embryonal carcinoma
____ Choriocarcinoma

+ Data elements preceded by this symbol are not required. However, these elements may be 4
clinically important but are not yet validated or regularly used in patient management.
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__ Mixed germ cell tumor (any combination of the above, with or without teratoma)
(specify components):
__ Cannot be determined (explain):

+ Histologic Grade (applicable to immature teratomas only) (Note E)

+  Grade1
+  Grade 2
+  Grade 3
+ Percent of teratoma composed of immature elements (if applicable): %
+ ___ Cannot be determined (explain):

+Treatment History

+__ No known preoperative therapy
+___ Preoperative therapy given
+_ Not specified

+ Treatment Effect (Note F)

+ __ No known preoperative therapy (not applicable)
+ __ Notidentified
+  Present

+ Percent tumor necrosis: __~ %

+ Percent tumor necrosis cannot be determined

Microscopic Tumor Extension (applicable to sacrococcygeal resections only)
__ Tumor involving coccyx identified

___ Coccyx uninvolved

__ Cannot be determined (explain):

Margins (Note G)
_____Cannot be assessed
___Uninvolved by tumor
Distance of tumor from closest margin: _ cm
Specify margin:
___Involved by tumor
Specify margin:

+ Lymph-Vascular Invasion (Note G)
+ __ Notidentified

+  Present

+ __ Cannot be determined

+ Perineural Invasion

+ __ Notidentified

+  Present

+ __ Cannot be determined

Regional Lymph Nodes
___No nodes submitted or found

Number of Lymph Nodes Examined
Specify:
___Number cannot be determined (explain):

+ Data elements preceded by this symbol are not required. However, these elements may be 5
clinically important but are not yet validated or regularly used in patient management.
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Number of Lymph Nodes Involved
Specify:
Specify site(s), if known:
+ Histologic type present (specify):
___Number cannot be determined (explain):

Distant Metastasis (required only if confirmed pathologically for this case)
___ Present
Specify site(s), if known:
+ Size of largest metastasis (specify):
+ Metastases to other organs (specify):
+ Histologic type present (specify):

+ Pathologic Staging (select all that apply) (Note H)

+ Children’s Oncology Group Staging for any Malignant Extragonadal Germ Cell Tumors
(see also specific staging systems for mediastinal germ cell tumors)
Note: COG Staging is based on pretreatment tumor characteristics. Clinical information required to definitively assign stage

(eg, gross residual disease or presence of metastatic disease) may not be available to the pathologist. If applicable, the
appropriate stage group may be assigned by the pathologist.

+ __ Stage I: Complete resection at any site; coccygectomy for sacrococcygeal site; negative tumor margins

+ __ Stage lI: Microscopic residual; lymph nodes negative

+ __ Stage lll: Lymph nodes involved by metastatic disease. Gross residual or biopsy only, retroperitoneal
nodes negative or positive

+ __ Stage IV: Distant metastases, including liver

+ Moran and Suster Proposed Clinical Staging for Mediastinal Germ Cell Tumors”

+ __ Stage I: Well-circumscribed tumor with or without focal adhesions to the pleura or pericardium but without
microscopic evidence of invasion into adjacent structures
+ __ Stage Il: Tumor confined to the mediastinum with macroscopic and/or microscopic evidence of infiltration
into adjacent structures (ie, pleura, pericardium, and great vessels)
+ ___ Stage lll: Tumor with metastases
+ __ Stage llIA: With metastases to intrathoracic organs (lymph nodes, lung, etc)
+ ___ Stage llIB: With extrathoracic metastases

# Applies to adult (postpubertal) extragonadal germ cell tumors.

+ Additional Clinical or Laboratory Findings (select all that apply)

+ __ None identified
+ __ Cytogenetics (Note I)
+ __ Not performed
+__ Not available
+__ Normal karyotype
+___ Abnormal karyotype
+ ___ Isochromosome 12p abnormality [i(12p)]
+ ___ Other [eg, del(5q), trisomy 8, 11923 abnormality] (specify):
+ __ Serologic markers (Note J)
+__ Not available
+ ___ Serum o-fetoprotein (AFP) (specify level):
+ ___ Serum human chorionic gonadotropin (HCG) (specify level):
+ ___ Associated syndromes (Note K)
+__ Notknown
+ __ Klinefelter
+__ Down
+ __ Other (eg, intersex, Li Fraumeni) (specify):

+ Data elements preceded by this symbol are not required. However, these elements may be 6
clinically important but are not yet validated or regularly used in patient management.
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+ __ Associated malignancy (not part of the extragonadal germ cell tumor)
+ __ Leukemia (specify):
+ __ Myelodysplastic syndrome (specify):
+ __ Other (specify):
+ __ Other findings (specify):

+ Comment(s)

+ Data elements preceded by this symbol are not required. However, these elements may be 7
clinically important but are not yet validated or regularly used in patient management.
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Explanatory Notes

A. Patient Age

The behavior of pediatric and adult extragonadal germ cell tumors (EGCTs) is quite distinct. As outlined below,
within the pediatric age range, prognosis is worse with increasing age. Most studies of pediatric EGCTs include
both neonates and older children, making it difficult to discern the precise pathology and clinical course of EGCTs
in the older child.” A recent study® has suggested that age 12 years or older is a significantly adverse prognostic
factor, especially for thoracic tumors, and therefore may represent the transition point to adult type tumors.

The notes that follow are divided into congenital/neonatal EGCTs (birth to 6 months) and childhood/prepubertal
GCTs (7 months to approximately 12 years) because of the well-documented differences in their pathology and
prognosis. Postpubertal/adult EGCTs are defined as occurring in patients 12 years and older.

These notes describe important differences in the pathologic diagnosis and prognosis of EGCTs in different age
groups: congenital/neonatal, children (prepubertal), and adult (postpubertal). They are summarized in the Table.
Within each age group, the significance of anatomic site and morphologic subtyping is emphasized. Other issues
discussed include postchemotherapy evaluation, unique associated malignancies, and associated syndromes.
Finally, discussion of differential diagnoses is presented based on anatomic location and patient age.

Key Features of Extragonadal Germ Cell Tumors (GCTs)

Congenital/neonatal (birth - 6 mo)
Sacrococcygeal site most common
All sites appear to behave similarly
Most are teratoma with or without yolk sac tumor
Immaturity and histologic type of GCT may not be critical
Conservative approach with follow-up after surgical excision may be indicated

Childhood (7 mo - puberty)
Rare
More frequently yolk sac tumor
More frequent aggressive behavior and worse prognosis than neonatal

Adult (postpubertal)
All may be associated with the development of non-germ cell neoplasms
Generally poor prognosis at any site if present
Mediastinal (including thymus)
Mature teratoma is benign
Immature teratoma and other nonteratomatous GCTs are potentially aggressive
Unique association with hematopoietic neoplasms
Sacrococcygeal
Most are mature teratoma, with benign behavior
Immaturity not shown to be an adverse feature
Rarely associated with nonteratomatous GCTs, which behave aggressively
Cervical (including thyroid)
Mature teratoma is benign
Immature teratoma and other nonteratomatous GCTs are potentially aggressive
Retroperitoneal
Most are derived from occult gonadal primary

B. Site

Congenital/Neonatal

Other than direct effects on local vital organs, the behavior of congenital and neonatal extragonadal GCTs seems
to be independent of anatomic location.®” Sacrococcygeal teratomas are the most common GCT of the neonate,
occurring more frequently in girls.10 After intracranial teratomas, other more common sites of neonatal teratoma
include the mediastinum (pericardium, heart, thymus, and lung), head and neck region (including thyroid), and the
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retroperitoneum.6’7'9'“‘12 Neonatal teratomas may occur anywhere along the body midline, following the course of

the embryonic germ cell ridge. These tumors have a similar morphology at each site.

In one published study13 of 535 fetal and neonatal GCTs, they were enumerated as follows: sacrococcygeal
teratoma was the leading teratoma (214; 40%). Next were intracranial (71; 13.3%) and cervical teratomas (70;
13.1%), followed by palatal and nasopharyngeal (41; 8%), cardiac (40; 7.5%), gastric (14; 2.6%), mediastinal (13;
2.6%), orbital (13; 2.4%), facial (8; 1.5%), and placental (8; 1.5%) teratomas. There were 17 miscellaneous
teratomas (3%) variously located in the tongue, tonsil, liver, retroperitoneum, eye, mesentery, ileum, testis, vulva,
and anorectal area. In addition, 25 examples of fetus in fetu were identified.

Prepubertal/Child

Mediastinal GCTs occur more commonly in older adolescence and the postpubertal child. Mixed malignant GCTs
comprised of teratoma, yolk sac tumor, embryonal carcinoma, and rarely chonocarcmoma are more frequent with
increasing age. Germinoma is generally not seen in children less than 10 years of age *As in congenital
teratoma, the prognosis of mediastinal GCTs in children is significantly affected by tumor stage and completeness
of surglcal excision (see Notes F and G) Rarely, sarcomatous elements are reported in pediatric mediastinal
GCTs."

Sacrococcygeal tumors in the older infant and child are predominantly presacral and pelvic, with no externalized
mass noted at birth. Malignancy rates are reportedly very high in these children, most commonly due to yolk sac
tumor."®"” It is thought that many of these tumors represent congenital sacrococcygeal GCTs (SGCTs) with an
overgrowth of yolk sac tumor, analogous to the malignant recurrences of yolk sac tumors in children with
incompletely excised congenital SGCT."”

Although pelvic and/or retroperitoneal extension of a sacrococcygeal tumor is not unusual, an exclusively
retroperitoneal or abdominal location is uncommon, comprising less than 5% of all EGCTs.

The majority of intracranial germ cell tumors arise in structures around the third ventricle, most commonly in the
pineal gland or suprasellar region. Other sites include intraventricular, basal ganglionic, thalamic, cerebral
hemispheric, bulbar, intramedullary, and intrasellar. Most occur in the second decade of I|fe W|th approximately
one-quarter of all central nervous system germ cell tumors arising in the prepubertal years ® The most common
subtype is germinoma, followed by teratoma.’

Postpubertal/Adult

The mediastinum is the most common anatomic site for extragonadal GCTs in adults These tumors are
overwhelmingly restricted to males, but well-documented cases in women do exist.”"* The histologic
classification of GCTs at this site is identical to that used in the gonads: seminomatous (pure), nonseminomatous
(yolk sac tumor, embryonal carcinoma, choriocarcinoma, and mixed GCTs), and teratomas. One important
difference is that, unlike the situation in the adult testis or in congenital/pediatric GCT, the distinction between
mature and immature teratoma is important in the adult mediastinum.

Sacrococcygeal GCTs in this age group are generally considered to have been present since birth. In some
cases, there is a history of a partially resected neonatal lesion to support this interpretation. The location is similar
to that seen in pediatric cases except that most are intrapelvic because tumors with an external component would
be expected to have been discovered in childhood. Adenocarcinoma may arise in the SGCT of adults.®

The distribution of cervical GCTs (CGCTs) in adults is similar to that seen in children, with frequent involvement of
the thyroid. Some cases have presented in continuity with a mediastinal GCT.

Most purely retroperitoneal GCTs in adults represent metastases from an undiscovered or occult primary in the
testicle or, rarely, in the ovary. In general, a testicular primary must be excluded clinically.

Intracranial germ cell tumors are more common in the postpubertal child and younger adult, with the anatomic
location as described above.
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C. Tumor Size

The number of sections submitted varies with the size and character of the specimen and the nature of the
underlying neoplastic process. At least 1 section per centimeter of the tumor’s greatest diameter is recommended
if the tumor is a germ cell neoplasm because diverse elements may only be found in this way and might affect the
tumor classification.*

Congenital/Neonatal

Large SGCTs may be associated with fetal hydrops because of increased demands on the heart to supply the
tumor vasculature and may be associated with fatal intratumoral hemorrhage with delivery. Survival with cervical
teratoma depends on the size of the tumor and extent of tissue involvement, with respiratory compromise being
the main cause of subsequent morbidity and mortallty ' Neonates with cervical teratomas generally have a good
outcome when the tumor is resectable. Fetuses have a much lower survival rate than neonates (23% versus
85%). Ten percent of the fetuses are stillborn.

Some epignathi and nasopharyngeal teratomas are so Iarge and extensive that they are incompatible with life and
therefore inoperable, which explains the high mortality rate.” The most common presenting findings in these
cases are a mass, respiratory distress, polyhydramnios, and dysphagla

Because of the size of some intracranial teratomas identifiable anatomic landmarks are lost, making it practically
impossible to determine the exact site of or|g|n ® The anatomic location of the teratoma cannot be determined in
about a third of the patients because the brain is replaced by tumor. When a point of origin can be found, the
cerebral hemisphere is the most common primary site, followed by the third ventricle and the pineal region. Large
tumors erode through the skull and extend into the orbit, oral cawty, or the neck. Spontaneous rupture during
delivery of a fetal head enlarged by tumor has been reported.?

D. Histologic Type

The World Health Organization (WHO) classification of germ cell tumors is the basis for most contemporary
classifications and is the one generally used for EGCTs.? Accordlng to this classification, germ cell neoplasms
are divided roughly into 7 histologic categories: dysgerminoma, yolk sac tumor, embryonal carcinoma,
polyembryoma, choriocarcinoma, teratoma, and gonadoblastoma ” Gonadoblastoma, a neoplasm typically found
in dysgenetic gonads, is included in the category of germ cell tumors (mixed germ cell, sex cord-stromal tumors).
According to this classification, fetus in fetu is regarded as a form of mature teratoma. The most common germ
cell tumors occurring in the perinatal period in order of rank are teratoma, yolk sac tumor, choriocarcinoma, and
gonadoblastoma.

Extragonadal germ cell neoplasms can be classified for histopathology using mediastinal nomenclature (ie,
teratomatous and nonteratomatous lesions). 2

Congenital/Neonatal

Most germ cell tumors of the fetus and neonate are histologically benign and are classified as either mature or
immature teratomas." Yolk sac tumor (endodermal sinus tumor) is the leading malignant germ cell tumor of the
perinatal period and throughout childhood. In the fetus and neonate, it occurs most often with a teratoma and
adversely affects the prognosis.

The sacrococcygeal area is the location associated with the highest incidence of malignancy, in the form of yolk
sac tumor. The overall frequency of neonatal sacrococcygeal teratomas with a yolk sac tumor is approximately

10%. The values cited in the literature range from 2.5% to 25%. 32 The presence of immature neuroglial
elements in a neonatal teratoma has no bearing on prognosis, and generally these patients have a favorable
outcome. It is well known that an important relationship exists between the age at diagnosis of a patient with a
sacrococcygeal teratoma and outcome. The incidence of malignancy in the neonate is approximately 10%,
approaching almost 100% by 3 years.'?%*'

Congenital teratomas are commonly immature and often contain admixed yolk sac tumor and rarely, embryonal

carcinoma. In the neonate, the diagnosis of an immature tumor is routinely based on the presence of immature
neuroepithelium. Choriocarcinoma may be seen as a metastasis from the placenta in the infant but is not reported

10
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as a component of primary extracranial EGCTs of childhood.* Similarly, the presence of germinoma in a
congenital teratoma would be very unusual.

Prepubertal/Child

The occurrence of admixed yolk sac tumor or recurrence as yolk sac tumor is more common with the presentation
of teratoma in patients older than 6 months. Similarly, in older infants (after 7 months), the incidence of teratoma
falls, whereas the incidence of pure yolk sac tumor increases. Most yolk sac tumors are diagnosed between 7
months and the third year of life. Pure embryonal carcinomas are rare before 5 years old." As noted, prognosis
worsens with increasing age, and the prognosis (ie, recurrence rate) of completely resected EGCTs worsens at
approximately 7 months. The designation of a child as prepubertal is sometimes difficult, but at least 1 studyG
suggests 12 years or older is a significant age boundary.

Postpubertal/Adult

Approximately 43% of all mediastinal GCTs contain teratoma and include mature teratoma (63%), immature
teratoma (4%), and teratoma with other malignant components (ie, sarcoma, other malignant germ cell element,
or carcinoma; 33%).28 Because histologically mature mediastinal teratomas behave in a clinically benign fashion
regardless of patient age, and immature teratomas have the potential for aggressive behavior, the distinction is
critical to patient management in adults. Mature teratomas are histologically similar to those occurring in the
ovary. Despite their similarity to ovarian GCTs, monodermal teratomas such as struma ovarii have not been
described in the mediastinum.

In adults, the most common nonteratomatous component is germinoma/seminoma, but yolk sac tumor, embryonal
carcinoma, and choriocarcinoma may also occur. Mediastinal germinoma frequently involves the thymus, with
resultant cyst formation and thymic epithelial cell hyperplasia.3 This may make the recognition of the
germinomatous component difficult. A high level of suspicion is necessary in the case of cystic lesions of the
thymus, especially if associated with a granulomatous response. The morphology of nonteratomatous
components is otherwise identical to those in the gonads and will not be repeated here because it has been
reviewed in detail elsewhere.* All nonteratomatous elements should be regarded as malignant in adults.

In most SGCTs in adults with adequate descriptions or illustrations, the histology of the germ cell component is
that of a mature teratoma, which is benign if it is pure. Several cases are reported as “malignant teratoma”
without further description or illustration. Specific diagnoses and clear descriptions or illustrations do reveal the
existence of rare cases of nonteratomatous GCTs including dysgerminoma, yolk sac tumor, and embryonal
carcinoma.**® When follow-up is provided, these tumors exhibit the expected malignant behavior.

Cervical GCTs are quite rare in adults but have been described with a variety of histologic patterns. Mature
teratomas may occur at this site and, when pure, have a uniformly benign behavior.***° Nonteratomatous GCTs,
including embryonal carcinoma and yolk sac tumor, have been described.*"* The few reports of non-germ cell
neoplasms arising in CGCT include carcinomas*** and, possibly, chondrosarcoma.*' Too few of such cases
have been described to make generalizations about their behavior, but they would be expected to be aggressive,
based on reports from other sites (see Note J).

E. Grade (Immature Teratomas)
The histologic grade of the tumor is based on 3 factors: degree of immaturity, presence of a neuroepithelial
component, and the quantity of the latter.*®

Grade 1 is given to neoplasms with some immaturity but with neuroepithelium absent or limited to a rare low-
power magnification (X40) field within the tumor, and not more than 1 such focus in any slide.

Grade 2 is given when immaturity and neuroepithelium were present to a greater degree than grade 1.
Neuroepithelium is common but does not exceed 3 low-power microscopic fields in any 1 slide.

Grade 3 is given when immaturity and neuroepithelium were prominent, the latter occupying 4 or more low-
magnification microscopic fields within individual sections.

11
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Congenital/Neonatal

The presence or grade of immaturity, as defined by Norris et al*® for ovarian teratomas, is not predictive of
malignant behavior in congenital EGCTs, although immature teratomas are more likely to have admixed yolk sac
tumor. It is well recognized that incomplete surgical resection of neonatal teratomas is associated with
recurrences of aPure yolk sac tumor, as seen in cases of sacrococcygeal teratoma for which coccygectomy was
not performed.®*****” In some cases with recurrence, foci of the yolk sac tumor could not be identified in the
original resected teratoma.®** It is unclear whether that is due to incomplete sampling of the original lesion or
whether elements of a residual immature teratoma can give rise to a yolk sac tumor.

Prepubertal/Child
Increased patient age, sacrococcygeal location, and grade 2 to 3 immaturity are more frequently associated with
admixed yolk sac tumor.*

Postpubertal/Adult

Mediastinal immature teratomas, like their testicular counterparts, are most commonly identified by cellular
spindled stroma (ie, immature mesenchyme) surrounding glandular epithelium. Immature neuroepithelial
elements similar to those seen in immature teratomas of the ovary may also be identified. Immature
neuroepithelium should be distinguished from mature ependyma, a relatively common finding in mature
teratomas. Other admixed immature elements frequently include cartilage and glandular epithelium, but the
diagnosis of immaturity does not typically depend on these elements. At present, there is no grading schema for
extragonadal immature teratomas; however, it is reasonable to report the percentage of immature elements.

In SGCTs, the existence of an immature teratoma in the absence of a nonteratomatous component seems to be
quite infrequent, because it is only rarely described.* The significance of immature tissues is not clear, but we are
not aware of a documented case of aggressive behavior.
Immature cervical teratomas demonstrate malignant behavior,**** similar to those arising in the mediastinum, but
unlike those of other extragonadal sites. In some cases, the immature component is described as predominantly
neural.

F. Postchemotherapy Evaluation

Patients with malignant EGCTs (especially adults) often receive cisplatin-based chemotherapy before surgical
resection. This clinical practice places an extreme importance on the initial biopsy interpretation and also creates
challenges in the evaluation of the resection specimen. The posttherapy tissue usually shows necrosis, fibrosis,
mixed inflammatory infiltrates, and xanthogranulomatous inflammation. Because response to therapy is one of the
main prognostic variables, the percentage of viable nonteratomatous GCT should be reported, a finding present in
up to 50% of resection specimens, even after normalization of serum markers.”® Less than 10% viable tumor cells
is a good prognostic factor as defined by the International Germ Cell Consensus Classification Group
(IGCCCG).54 Residual viable tumor may be relatively focal; therefore, areas of scarring, necrosis, or hemorrhage
should be carefully examined.

G. Margins/Vascular Invasion

Because completeness of excision is also an important prognostic factor, the excision specimens should be inked
and the margin status should be reported. Any adherence of the mass to other structures should be carefully
described. If there is question about adherence, consultation with the surgeon is strongly recommended.

Incomplete resection of a neonatal mature teratoma has been reported to recur in adulthood as
adenocarcinoma.®®® The presence of a non-germ cell malignancy in a SGCT is a poor prognostic feature and
requires complete surgical excision and consideration of chemotherapy or radiation therapy.

Vascular invasion can involve blood vessels or lymphatics. In suspicious cases, blood vessels can be highlighted

with immunoperoxidase staining for factor VIII, CD31, and CD34. Lymphatic markers such as D2-40 (podoplanin)
or LYVE1 may confirm lymphatic invasion.

12
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H. Staging

Clinical and pathologic staging is very important in the prognosis of EGCTs. Unfortunately, there is not an officially
recognized American Joint Committee on Cancer (AJCC)/International Union Against Cancer (UICC) TNM
staging protocol for EGCTs. The Children’s Oncology Group utilizes a 4-tiered staging system for all EGCTs."”
Surgeons also carefully define anatomic resections specifically of sacrococcygeal EGCTs. The WHO
recommends using a modification of the AJCC TNM staging of soft tissue tumors.”” Moran and Suster®® have also
proposed a novel staging system specifically for mediastinal GCTs based on an outcome study of 322 cases.

In the Pediatric Oncology Group/Children’s Cancer Group Intergroup study,46 there were 22 children with
completely resected, extragonadal, immature teratomas, including 6 (27%) with admixed yolk sac tumor. None of
the patients received adjuvant chemotherapy. Three of the 22 children (14%) developed recurrent yolk sac
tumors, including 1 child with no admixed yolk sac tumor at diagnosis. Each of these children was treated for their
recurrence with surgery and platinum-based chemotherapy (cisplatin, etoposide, and bleomycin). The conclusion
of the study was that complete surgical excision is effective treatment for children with immature teratomas, with
or without admixed yolk sac tumor. The authors noted that patients with extragonadal tumors are a higher risk
group and require very careful follow-up. Although adjuvant chemotherapy could be considered in these patients,
it is not recommended because of the toxicity of unnecessary chemotherapy and the success of salvage therapy
for those children who do relapse.*®

A rare finding in extragonadal teratomas of very young children is the occurrence of nodal gliomatosis in regional
lymph nodes draining the teratoma.”® The authors have had personal experience with such cases in which the
finding had no effect on the patient’s clinical course and did not seem to warrant a designation of a “metastasis”
upstaging the patient. It is thought that the phenomenon is similar to peritoneal gliomatosis in ovarian teratomas.®
Studies suggest that gliomatosis peritonei is a metaplastic phenomenon of pluripotent Miillerian stem cells
because it appears to be genetically unrelated to the teratoma.**® It is unclear whether the finding in lymph
nodes is clonally related to the teratoma.

Mediastinal Germ Cell Tumors

The overall clinical outcome for primary mediastinal immature teratoma and nonteratomatous GCTs is reportedly
worse than gonadal GCTs, but outcomes are improving with preoperative cisplatin-based combination
chemotherapy strategies.®'®* With neoadjuvant chemotherapy, good prognostic factors include completeness of
resection, less than 10% viable tumor cells, and low-risk group as defined by the IGCCCG’s Moran and Suster
Proposed Clinical Staging System for Mediastinal GCTs. *

In the IGCCCG groupings, there are prognostic differences among histologic subtypes of GCT. Pure mediastinal
seminoma has a better outcome than tumors with a nonseminomatous component. The reported S—Xear survival
of 90% with cisplatin-based combination chemotherapy rivals the outcome of testicular seminomas. 16285 poor
prognostic features of pure seminoma include liver or other nonpulmonary visceral metastases and metastases to
2 or more sites.”” Primary mediastinal choriocarcinoma is rare but reportedly has a much worse prognosis than
other histologic subtypes owing to the hematogenous dissemination at the time of diagnosis.66 At least some
studies that include choriocarcinomas suggest an improved prognosis under current chemotherapeutic
regimens.67 Embryonal carcinoma and yolk sac tumor, whether pure or in association with any other components
(seminoma or teratoma), have a similar outcome and are generally regarded as poor prognostic findings. As
discussed above, mature teratoma is benign, but immature teratoma has some potential for malignant behavior.
In stage | pure immature teratomas (ie, no infiltration of adjacent structures and no mixed germ cell elements or
secondary malignancy), the risk for aggressive behavior may be fairly low, but clinical outcome data are limited.

l. Cytogenetics

It is well documented that pediatric GCTs are distinct from adult GCTs cytogenetically. Although the majority of
adult malignant GCTs have the isochromosome 12p abnormality, this aberration is very rare in children younger
than 10 years,.68 Although some yolk sac tumors have shown aberrations of the short arm of chromosome 12 by
interphase fluorescence in situ hybridization,*®”® no cytogenetic abnormality has been found to specifically
correlate with histology or primary tumor site in children. Aberrations of 1p, 1q, 6q, chromosome and the sex
chromosomes are also frequently encountered.®®”" In a Children’s Oncology Group study of 81 pediatric GCTs
(gonadal and extragonadal), the 12p isochromosome was only found in adolescent boys. It remains to be
investigated whether isochromosome 12p might be a better prognostic factor than age in the peripubertal period.
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There is an unusual association between mediastinal GCTs, hematologic malignancies, and cytogenetics.n'79

Although it is unknown why they are associated with only mediastinal tumors, genetic studies have demonstrated
that both the GCT and hematopoietic components are clonally related.”””® The germ cell component is typically
yolk sac tumor, but immature teratomas and other nonseminomatous GCTs are also described. The most
commonly associated hematopoietic malignancy is acute myeloid leukemia of megakaré/ocytic or monocytic
differentiation (ie, M7, M4, and M5), which comprises approximately half of all cases.®***®" Other reported
malignancies include the spectrum of acute myeloid leukemia subtypes,’®’® acute undifferentiated leukemia,®
myelodysplastic syndrome,?*%® myeloproliferative disorder,?*®*® “malignant histiocytosis,”’® mastocytosis,*® and
acute lymphoblastic leukemia.”®® These hematopoietic tumors may involve the mediastinal GCT or be
completely extramediastinal.’’ The hematopoietic component frequently shows an isochromosome 12 [i(‘I2p)],72
the most common genetic alteration in GCTs, but may additionally harbor translocations more typical of the
specific morphologic phenotype [eg, del (5q), trisomy 8]. This finding suggests that the non-i(12p) aberration
determines the tumor phenotype.

Germ cell tumor-associated acute leukemias are an ominous finding because they are typically refractory to
current treatment modalities, with a reported survival of less than 2 years in all reported patients. The main
differential diagnostic consideration in this setting is a therapy-related myelodysplastic syndrome or acute
leukemia following etoposide administration.” Therapy-related diseases can be distinguished by their occurrence
later in the course (25 to 60 months), the absence of i(12p), and the possible presence of an etoposide-related
translocation such as 11q23.%%°

J. Tissue and Serologic Markers

Tissue Immunohistochemistry

Extragonadal GCTs typically show immunoreactivity patterns identical to their gonadal counterparts,.90 In general,
embryonal carcinoma, yolk sac tumor, choriocarcinoma, and the epithelial elements of teratoma all show
cytokeratin AE1/AES3 reactivity. Although cytokeratin AE1/AE3 expression in testicular seminomas has been
proposed as a potential marker of early carcinomatous progression,91 this concept has not been addressed in
extragonadal sites. A dotlike paranuclear reactivity pattern to low-molecular-weight cytokeratin (ie, CAM 5.2) is
seen in up to 80% of mediastinal seminomas.**%

Although placental-like alkaline phosphatase has traditionally been the marker of choice to objectively verify germ
cell origin (mostly seminoma) in the setting of an “undifferentiated” neoplasm,ge"95 its lack of sensitivity, generally
high background staining, and the development of newer antibodies have rendered placental-like alkaline
phosphatase less useful in current diagnostic gractice. Strong membranous CD117 (c-kit) immunoreactivity has
been reported in 75% to 100% of seminomas, * but it is not specific because it marks other non-germ cell
carcinomas in the differential diagnosis, such as Iung96 and thymic carcinomas.’*®® In addition, embryonal
carcinoma, yolk sac tumor, and choriocarcinoma may show some degree of weak CD117 reactivity. CD30 is also
used in the workup of a poorly differentiated malignant neoplasm because it is positive in more than 80% of
embryonal carcinomas, but careful morphologic and clinical correlation is re%uired because it also marks a
spectrum of hematopoietic malignancies in the differential diagnosis as well. o

Newer markers show better specificity for germ cells tumors. Nearly 100% of seminomas and embryonal
carcinomas show nuclear reactivit%/ for OCT4, and the specificity within this morphologic differential seems better
than other available markers.'®"'% OCT4 is rapidly becoming the marker of choice for documenting germ cell
origin (ie, seminoma or embryonal carcinoma) in the workup of an undifferentiated neoplasm. Yolk sac tumors
and choriocarcinoma show cytoplasmic and membranous reactivity for the oncofetal protein glypican-3, with no
significant reactivity in embryonal carcinoma or germinoma.m?"104 Most recently, SALL4 has been shown to
demonstrate strong nuclear staining in germinoma, embryonal carcinoma, and yolk sac tumors. SALL4 appears
more sensitive than either glypican-3 or AFP for the diagnosis of yolk sac tumor.'%'% The mononuclear
trophoblast cells of choriocarcinoma are also reactive for SALL4.

a-Fetoprotein
Serum AFP is not a reliable marker for yolk sac tumor because of its low sensitivity.

and HCG is frequently more useful than immunohistochemistry.

97 Serum evaluation of AFP
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The presence of minute, occult, yolk sac tumor elements in large sacrococcygeal teratomas can be overlooked.
Hawkins et al** described 6 children with mature or immature sacrococcygeal teratomas initially diagnosed in the
newborn period, who had the appropriate operation and subsequently had yolk sac tumor recurrences 7 to 33
months later. Histologic detection of foci of yolk sac tumor in sacrococcygeal teratomas is very important because
serum AFP Ievels are not always helpful as a marker, being normally high in the newborn period as a result of
fetal productlon * Moreover, primitive gut and liver tissues in preterm teratomas also react with the AFP antibody,
which makes establishing the histologic diagnosis of this sometimes subtle malignancy difficult.

Most of the tumor recurrences after congenital teratoma are yolk sac tumor, and AFP is useful in following these
patients. Neonatal levels are normally elevated, and the initial AFP level does not seem to correlate with the
presence or absence of yolk sac tumor in neonatal teratomas. Postoperative monltorlng can be useful, because
the AFP level should fall after tumor excision, as it normally would in the neonate.’

Human Chorionic Gonadotropin

Serum R-HCG immunohistochemistry can be used to identify choriocarcinoma. Isolated syncytial trophoblasts can
stain positively in seminomas. Evaluation of serum R-HCG is also helpful in establishing the presence of occult
choriocarcinoma.

K. Associated Syndromes and Malignancies
Some constitutional syndromes are thought to have an increased incidence of EGCTs, including Klinefelter
% and Down syndrome. 88114115 The association of hematopoietic malignancies with mediastinal EGCTs was
described in note H (Cytogenetics). Sarcomatous differentiation, which is most frequent |n the mediastinum, may
occur in association with teratomas or, less commonly, with other malignant GCTs. 82116120 A5 in the gonads,
secondary squamous cell carcmoma adenosquamous carcinoma, and colonic-type adenocarcinoma may rarely
complicate extragonadal teratomas.’®® The presence of sarcomatous or carcinomatous elements portend a very
poor prognosis.

68,108-
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