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Germ cell tumors of the gonads: a selective
review emphasizing problems in differential
diagnosis, newly appreciated, and
controversial issues
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Gonadal germ cell tumors continue to be the cause of diverse, diagnostically challenging issues for the
pathologist, and their correct resolution often has major important therapeutic and prognostic implications.
They are academically interesting because of the biological diversity exhibited in the two gonads and variation
in frequency of certain neoplasms. The most dramatic examples of the latter are the frequency of dermoid cyst
in the ovary compared to the testis and the reverse pertaining to embryonal carcinoma. Within the teratoma
group, there is strong evidence that ovarian and prepubertal testicular teratomas are derived from benign germ
cells, a pathogenesis that likely applies also to the rare dermoid cysts and uncommon epidermoid cysts of the
testis. In contrast, postpubertal testicular teratomas derive from malignant germ cells, specifically representing
differentiation within a preexistent nonteratomatous cancer. As expected, given the foregoing, teratomas in
boys are clinically benign, whereas in postpubertal males they are malignant, independent of their degree of
immaturity. On the other hand, immaturity is an important finding in ovarian teratomas, irrespective of age,
although its significance in children has recently been challenged. It is usually recognized on the basis of
embryonic-appearing neuroepithelium, which shows mitotic activity and apoptosis in contrast to differentiated
neuroepithelial tissues, which may occur in mature ovarian teratomas. Rarely it is based on the presence of
cellular, mitotically active glial tissue. Fetal-type tissues alone are not sufficient for a diagnosis of immature
teratoma. Further differences between the teratomatous tumors in the two gonads are the relative frequency of
monodermal teratomas in the ovary in contrast to the testis, where only one subset, carcinoids, is seen with any
frequency. When uncommon somatic-type malignancies (usually squamous cell carcinoma) occur in mature
cystic teratomas of the ovary, this is a de novo form of malignant transformation; similar tumors in the testis, a
very rare event, represent overgrowth of teratomatous elements that originated from malignant, nonteratoma-
tous germ cell tumors and, therefore, had previously undergone malignant transformation. Germinomas may
have several unusual features in each gonad; these include microcystic arrangements that suggest yolk sac
tumor, tubular patterns that mimic Sertoli cell tumor, apparent increased cytological atypia that causes concern
for embryonal carcinoma, and prominent syncytiotrophoblast giant cells that suggest choriocarcinoma.
Awareness of these variants, good technical preparations, the retained typical cytological features of
germinoma cells, and the judicious use of tailored panels of immunohistochemical stains resolve these
dilemmas in virtually all instances. Two aspects of germinomas are unique to the testis. Firstly, intertubular
growth of small seminomas may cause them to be overlooked. Secondly, the distinctive spermatocytic
seminoma occurs only in the testis. A newly recognized aspect of this tumor is the propensity for some to be
relatively monomorphic, making them apt to be mistaken for usual seminoma or embryonal carcinoma,
although the characteristic polymorphic appearance in some foci, absence of intratubular germ cell neoplasia,
unclassified type, and immunohistochemical stains should prevent this error. Cytoplasmic membrane
immunoreactivity for placental alkaline phosphatase and CD117, with usual negativity for AE1/AE3 cytokeratins,
is helpful in the diagnosis of germinoma. The recently described marker, OCT3/4, a nuclear transcription factor,
is especially helpful in the differential of germinoma and embryonal carcinoma with other neoplasms. Yolk sac
tumor continues to be confused occasionally with clear cell carcinoma of the ovary. Glandular (‘endometrioid-
like’) yolk sac tumors mimic endometrioid carcinomas; predominant or pure hepatoid yolk sac tumors cause
concern for metastatic hepatocellular carcinoma or, in the ovary, primary hepatoid carcinoma, and solid
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patterns, especially in limited samplings, may be misinterpreted as germinoma. The usually younger age of
patients with yolk sac tumors helps with the differential considerations with the nongerm cell tumors, as do
other clinical and microscopic features and selected immunohistochemical stains. Choriocarcinoma is rare in
both gonads, and those in the ovary must be distinguished from metastatic tumors of placental origin.
Syncytiotrophoblast cells alone, admixed with other forms of germ cell tumor, still are confused with
choriocarcinoma, but this phenomenon, which is much more frequent than choriocarcinoma, lacks the
plexiform arrangement of different trophoblast cell types that typifies the latter. Mixed germ cell tumors (which
may show almost any combination of components) are common in the testis but rare in the ovary. A separately
categorized, rare form of mixed germ cell tumor seen in both gonads is the polyembryoma. It is perhaps the
most photogenic of all gonadal germ cell tumors and is also intriguing because of its distinctive, organized
arrangement of yolk sac tumor and embryonal carcinoma elements and recapitulation of very early embryonic
development, even to the extent of having in its fundamental unit, the embryoid body, a miniature yolk sac, and
amniotic cavity. These tumors, which are constituted by innumerable embryoid bodies, almost always contain
teratomatous glands in minor amounts, and one way of viewing the polyembryoma is to consider it the most
immature form of teratoma. Embryoid bodies are also common as a minor component of many mixed germ cell
tumors, particularly in the testis, and the diffuse embryoma is another variant that has a particular arrangement
of yolk sac tumor and embryonal carcinoma elements. Regression of gonadal germ cell tumors is a
phenomenon restricted to the testis, for unknown reasons. These so-called ‘burnt-out’ germ cell tumors can be
recognized by a distinctive constellation of findings, including sometimes minor foci of residual recognizable
germ cell neoplasia, a well-defined zone of scarring (often having residual ghost tubules), associated

lymphoplasmacytic infiltrate, intratubular calcification and, in about 50%, of in situ germ cell neoplasia.
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The entire topic of gonadal germ cell tumors is a vast
one, and accordingly, because of space constraints,
the emphasis here is necessarily on selected diffi-
cult, newly appreciated, or controversial areas. One
of the themes of this review will be that even though
germ cell tumors in the gonads are similar morpho-
logically, there are still striking overall contrasts; for
example, the high frequency of dermoid cyst in the
ovary and its extreme rarity in the testis; the
different implications of immaturity of teratomas
in the two gonads and the biologic differences
between ovarian and testicular teratomas; the re-
striction of one germ cell tumor, the spermatocytic
seminoma, to the testis; the much greater frequency
of embryonal carcinoma in the testis compared to
the ovary; and the occasional development of
spontaneous regression in testicular but not ovarian
germ cell tumors.

Gonadal teratomas are considered first, mainly
from the conceptual viewpoint concerning their
different pathogenesis and malignant potential in
the ovary and the testis, as the microscopic
diagnosis of teratomas is usually not a problem.
The important issue of grading of immature ovarian
teratomas is also discussed. Unusual patterns of
germinoma (testicular seminoma and ovarian dys-
germinoma) and yolk sac tumor and the various
diagnostic problems posed by them are covered
next, as are helpful findings for the diagnosis of
embryonal carcinoma and the features of the
distinctive polyembryoma. Brief note is also made
of choriocarcinoma, a rare neoplasm in either gonad.
Space does not allow for consideration of lesions of
intersex, but the occasional origin of germ cell
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tumors from dysgenetic gonads with gonadoblasto-
ma is always to be remembered. The phenotypic
females with the androgen insensitivity syndrome
also are prone to develop germ cell tumors from the
cells of intratubular germ cell neoplasia of the
unclassified type (IGCNU) that may occur in the
immature seminiferous tubules of their ectopic
testes.

Teratoma

The relative proportion of teratoma among the germ
cell tumors is quite different in the two gonads, with
about 95% of ovarian germ cell tumors represented
by pure teratoma,™* but only about 4% of testicular
germ cell tumors®* (Table 1). Most teratomatous
elements in the testis occur as a component of mixed
germ cell tumors, which represent about one-third
of all testicular germ cell tumors and contain
teratoma in about 50% of the cases.®* On the other
hand, mixed germ cell tumors of the ovary are
uncommon, representing less than 1% of ovarian
germ cell tumors.>°

In comparing gonadal teratomas, the behavior in
the testis, but less so in the ovary, depends to a great
extent on whether the patient is prepubertal or
postpubertal. Prepubertal testicular teratomas are
benign, yet their morphologically similar counter-
parts in the postpubertal testis are malignant,
whether mature or immature. This discussion will
focus first on a comparison of pure, mature
teratomas of the ovary and testis in postpubertal
patients, followed by a similar consideration of pure



Table 1 Relative proportions of histologic types of germ cell
tumors in the ovary and testis

Histologic type Proportion in the Proportion in the

ovary (%) testis (%)
Teratoma® 95 4
Dysgerminoma/ 2 50
seminoma®
Yolk sac tumor® 1 1
Embryonal 0.2 10
carcinoma®
Choriocarcinoma?® <0.1 0.3
Polyembryoma® <0.1 <1
Mixed germ cell <1 33
tumor

4These figures refer to tumors of pure histologic type.

mature teratomas of the two gonads in prepubertal
patients. This will highlight fundamental differ-
ences but also some similarities in the two gonads.

Mature, postpubertal gonadal teratomas

Teratomas in the ovary occur over a broad age range,
albeit with a proclivity for the reproductive years,®
whereas those in the postpubertal testis are almost
always restricted to patients between 20 and 40
years of age.””® DNA quantification shows that
mature ovarian teratomas are diploid, and cytoge-
netic study demonstrates that they almost always
have a normal 46,XX karyotype,"®'" whereas mature
teratomas of the postpubertal testis are hyperdiploid
to hypotriploid with complex cytogenetic abnorm-
alities including invariable 12p amplification, often
in the form of an isochromosome [i (12p)].***®
Molecular genetic analysis has also shown that
mature ovarian teratomas are usually homozygous
for polymorphic markers,"” indicating that they
derive most often from a germ cell that has
completed meiosis I but not meiosis I, a conclusion
supported by cytogenetic analysis." When hetero-
zygosity does occur, it predictably is in loci that tend
to be located distant from the centromere—that is, in
genes most susceptible to crossing over at the
metaphase plate of meiosis 1.7>*® On the other hand,
genetic analysis has also shown that the teratoma-
tous elements in postpubertal mixed germ cell
tumors of the testis have strikingly parallel allelic
losses compared to the nonteratomatous compo-
nents of the same tumor,' supporting the concept
that postpubertal teratoma of the testis usually
derives from other forms of germ cell tumor. The
most important contrasting feature, however, be-
tween mature ovarian and postpubertal testicular
teratomas is that the former have a uniformly benign
clinical course, whereas metastases, often of non-
teratomatous germ cell tumor types, occur in 20—
40% of the latter,”® corroborating the observation of
Tanner®® in 1922.
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There are also differences in the gross and light
microscopic features of mature ovarian and post-
pubertal testicular teratomas, with the ovarian
tumors usually being predominantly cystic (the
familiar dermoid cyst) in contrast to the predomi-
nant solid appearance of the testicular tumors. On
microscopic examination, the mature ovarian ter-
atomas have a well-organized, arrangement of
tissues that often duplicates the relationships seen
in normal organs, for instance pilosebaceous struc-
tures and sweat glands within squamous epithelial-
lined ‘dermis’ or respiratory epithelium encircled by
smooth muscle and cartilage. The elements within
these ‘organoid’ tissues, furthermore, lack cytologi-
cal atypia and have scant mitotic activity that is
mostly confined to the normal proliferative zones of
the organs they replicate. On the other hand,
postpubertal testicular teratomas have a more dis-
ordered arrangement (Figure 1), frequently show
significant cytological atypia (Figure 2), and may
have widespread mitotic activity. Additionally, the
seminiferous tubules adjacent to these tumors show
IGCNU in approximately 90% of the cases,*® and
there is often widespread testicular atrophy with
impaired to absent spermatogenesis.

A spectrum of different types of tissues may be
identified in mature teratomas of both the ovary and
testis, although there are some notable differences in
their frequency in the two gonads. For instance,
choroid plexus and thyroid tissue are common in
ovarian teratomas, and pituitary tissue may also be
seen on occasion,?” rarely giving rise to functioning
prolactinomas.?® These tissue types are infrequent
(choroid plexus) to rare (thyroid) to virtually non-
existent (pituitary) in testicular teratomas. Paradoxi-
cally, prostatic tissue infrequently occurs in ovarian
teratomas but is even rarer in the testis.?*** Me-
ninges are a described but rare finding in testicular
teratomas,*® with one reported case of a microcystic
meningioma of teratomatous origin.*”

Figure 1 Postpubertal testicular teratoma with a disordered
arrangement of elements.
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Mature, prepubertal gonadal teratomas

A comparison of mature prepubertal gonadal terato-
mas, in contrast to the situation with the postpubertal
examples, shows striking similarities between those in
the ovary and the testis. Prepubertal testicular terato-
mas represent approximately 30% of testicular germ
cell tumors in children,*® are typically pure, have a
diploid DNA content®*” and normal 46,XY karyotype,*
show normal findings by comparative genomic hy-
bridization studies,®® often have organoid tissue
arrangements (Figure 3), lack cytological atypia and
widespread mitotic activity, are not associated with
IGCNU,?* and are clinically benign.?® These features
are all similar to those mentioned above for mature
ovarian teratomas. Germ cells in the seminiferous
tubules adjacent to pediatric teratomas may appear
somewhat atypical, with occasional cells showing
nuclear enlargement or multinucleation (Figure 4), but
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Figure 2 Malignant cytological features in the cartilaginous
component of a postpubertal testicular teratoma. Note mitotic
figure (upper right).

Figure 3 Organoid replication of small intestinal mucosa and
gastric pyloric-type mucosa in a prepubertal testicular teratoma.
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these features are different from the seminoma-like
cells of IGCNU and have been interpreted as a reactive
phenomenon based on similar changes in germ cells
adjacent to sex cord-stromal tumors in the pediatric
testis.*” There are occasional exceptions, with pre-
pubertal testicular teratomas exhibiting adjacent
IGCNU,** similar to the situation with gonadal
dysgenesis in children, but these remain outliers.

Dermoid and epidermoid cysts of the
testis

Two examples of postpubertal testicular teratomas
that are analogous to mature ovarian teratomas and
prepubertal testicular teratomas are dermoid and
epidermoid cysts, although the pathogenesis of the
latter, whether a neoplasm or not, is controversial.
The loss of heterozygosity in some epidermoid
cysts, however, provides support for its teratoma-
tous nature.*® The rare testicular dermoid cyst
shares with the common ovarian dermoid the usual
presence of grossly identifiable hair within a cystic
tumor*® and, on microscopic examination, the
organoid replication of skin and absence of cytolo-
gical atypia or widespread mitotic activity. It also
lacks adjacent IGCNU and the association with
testicular atrophy, instead usually occurring in a
testis with normal spermatogenesis.”® The typical
arrangement of pilosebaceous units to an epidermal
surface is a necessary feature for the diagnosis of
testicular dermoid cyst. The presence of a lipogra-
nulomatous reaction in the testicular parenchyma is
characteristic, helpful in diagnosis and is due to the
leakage of oily, sebaceous gland secretion from the
cyst into the adjacent testis. Other, noncutaneous
elements may be present in testicular dermoids, as
in the ovary. Sometimes these elements also have an
organoid arrangement, for instance showing a
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Figure 4 Multinucleation and focal nuclear enlargement in the
germ cells adjacent to a prepubertal testicular teratoma. These
cells lack the vesicular nuclei with prominent nucleoli of
intratubular germ cell neoplasia, unclassified type.



reiteration of small bowel mucosa and submucosa.
Epidermoid cyst represents about 1% of testicular
tumors and is rare in the ovary.*®*” Whether these
lesions are neoplasms or not remains a topic of
debate, although some show loss of heterozygosity
for certain chromosomal loci, supporting a neoplas-
tic pathogenesis.** Epidermoid cysts lack atypia and
mitotic activity, and the testicular cases, like
dermoid cyst, are not associated with IGCNU.**3?
Dermoid and epidermoid cysts are benign.**3>3¢

Histogenetic considerations in gonadal
teratomas

These differences in gonadal teratomas can be
explained by a pathogenetic model wherein ovarian
teratomas, prepubertal testicular teratomas, and der-
moid/epidermoid cysts are derived from benign germ
cells. The generally homozygous nature of ovarian
teratomas further supports a parthenogenetic-like
pathogenesis. On the other hand, the usual postpu-
bertal testicular teratoma is derived from a malignant
germ cell (IGCNU) that gives rise to a nonteratoma-
tous form of germ cell tumor, which, in turn,
differentiates to form teratomatous elements. This
pathogenesis is supported by the strikingly parallel
patterns of allelic loss in teratomas of the postpubertal
testis and the other germ cell tumor types that
accompany them.' This explains the association of
pure testicular teratoma in postpubertal patients with
IGCNU and metastases of nonteratomatous type and
the uncommon occurrence of postpubertal testicular
teratoma without other germ cell tumor types. In this
model (Figure 5), therefore, malignant transformation
in the example of postpubertal testicular teratomas
occurs prior to teratomatous differentiation (‘preter-
atomatous’ malignant transformation). On the other
hand, for those rare ovarian teratomas with malignant
elements,’®*° malignant transformation occurs after
the development of the teratoma (‘post-teratomatous’
malignant transformation). This applies to those
dermoid cysts that develop malignant somatic neo-
plasms, most commonly squamous cell carcinoma***
but rarely other types such as malignant melanoma,**
adenocarcinoma?*** and various forms of sarcoma,*? a
phenomenon seen in 0.2-1.4% of mature ovarian
teratomas.?**°® The homozygous nature of the malig-
nant elements in these cases, which is similar to the
benign elements, supports derivation of the former
from the latter,’” as do similar cytogenetic changes in
the two components.*® Additionally, immaturity in
ovarian teratomas can be seen in a similar light as
representing clones of malignant neuroepithelium
that develop within a pre-existing teratoma.

Immature teratoma and selected
monodermal teratomas

Immaturity, usually manifest as immature neuroe-
pithelium but sometimes additionally or rarely
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Figure 5 Histogenetic model for the development of teratomas of
the ovary, prepubertal testis, and postpubertal testis. Ovarian
pathway in pink; testicular pathway in blue, and common
pathway in light green. Abbreviations: CC—choriocarcinoma;
Derm—dermoid cyst; EC—embryonal carcinoma; Epiderm—
epidermoid cyst; GGC—germ cell; IGCNU—intratubular germ cell
neoplasia, unclassified type; NE—immature neuroepithelium;
S—seminoma; SCC—squamous cell carcinoma; T—teratoma;
YST—yolk sac tumor.

solely as cellular, mitotically active glia, is impor-
tant to assess in ovarian teratomas. Semiquantifica-
tion of the amount of neuroepithelium correlates
with survival in ovarian immature teratoma, at least
in adult patients, and is the basis for grading of these
tumors.*®™*® Those with less than one lower power
field (x4) of immature neuroepithelium on the
slide with the greatest amount of such tissue (grade
1) have a survival of at least 95%, whereas greater
amounts of immature neuroepithelium (grades 2
and 3), with modern treatment, have a lower overall
survival (approximately 85%).*® These correlations
may not apply, however, to immature teratomas of
the ovary in children since recent work has shown a
good outcome with surgery alone, regardless of the
degree of immaturity, in these cases.*”*° Immature
ovarian teratomas are associated with gliomatosis
peritonei, a favorable prognostic finding if com-
posed of completely mature tissues,”®* with the
seemingly unexpected recent discovery, using mo-
lecular methods, that these glial ‘implants’ are not
tumor derived but represent teratoma-induced me-
taplasia of submesothelial cells.®*** On the other
hand, immaturity in postpubertal testicular terato-
mas has no established significance. The different
importance of immature elements in these two forms
of teratoma can also be rationalized by the pathoge-
netic model discussed previously (Figure 5). Since
ovarian teratomas are derived from benign germ
cells, immature elements represent the evolution of
a malignant clone, and it is therefore logical that the
prognosis relates to the amount of this component.
This clonal concept is supported by the demonstra-
tion of small foci of immature neuroepithelium, of
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no apparent clinical significance, in otherwise typical
ovarian dermoid cysts, as well as occasional cases of
immature teratoma that develop subsequent to excision
of an ovarian dermoid.*® The lack of 12p amplification
in immature ovarian teratomas, in contrast to its
presence in other types of malignant ovarian germ cell
tumor, is also in keeping with this hypothesis by
supporting a fundamentally different pathogenesis for
immature ovarian teratoma compared to other malig-
nant ovarian germ cell tumors.”® In fact, immature
ovarian teratoma usually shows only relatively minor
cytogenetic abnormalities, in contrast to the other forms
of malignant ovarian germ cell tumor, with increasing
abnormalities as the grade of the immaturity becomes
higher.”” On the other hand, since testicular teratomas
in postpubertal patients represent the end stage of a
differentiation process from other types of malignant
germ cell tumor, it is immaterial if ‘immaturity’ is
present. Immaturity, in a sense, is ‘trumped’ by the
invasive malignant germ cell tumor from which the
teratoma derived in the postpubertal testis.

When considering possible immaturity in ovarian
teratomas, it is important not to mistake cellular but
differentiated neural elements, such as those resem-
bling cerebellar granular cells, for immature elements.
Immature neural elements should have a somewhat
vesicular chromatin and show apoptosis and mitotic
activity (Figure 6), in contrast to end stage differ-
entiated neural elements. Such fully differentiated
neural cells have a uniformly dense chromatin with-
out mitotic activity or apoptosis. It is also important
not to consider fetal-type tissue, such as cartilage,
evidence of immaturity. The diagnosis of immaturity
requires tissue with an embryonal appearance, almost
always neuroepithelium, as noted earlier.

Overgrowth of immature neural elements in either
ovarian or testicular teratomas is the basis for the
diagnosis of primitive neuroectodermal tumor
(PNET) (Figure 7). Ovarian PNETs have an aggres-
sive clinical course and poor prognosis;**°° on the
other hand, the prognosis of PNET in postpubertal
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Figure 6 Immature neuroepithelium in an ovarian immature
teratoma, showing slightly vesicular chromatin with occasional
apoptotic bodies (arrows).
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testicular teratoma is less clear,®® since, as dis-
cussed, these tumors are malignant in the absence of
overgrowth of immature neuroepithelium. None-
theless, since such elements seem to be chemore-
sistant, their overgrowth probably does have an
ultimately negative prognostic impact. (It is well
established that the identification of PNET in post-
chemotherapy resections of patients with testicular
germ cell tumors does have a seriously negative
prognostic significance.®®) Overgrowth of other
types of neural elements has also been described
in ovarian teratomas, resulting in different forms of
‘monodermal’ neuroectodermal tumors, including
ovarian ependymoma (differentiated neuroectoder-
mal tumor) (Figure 8) and glioblastoma (anaplastic
neuroectodermal tumor).”® Ovarian ependymomas
have a low-grade malignant course, and ovarian
glioblastoma, like PNET, pursues an aggressive

Figure 7 Primitive neuroectodermal tumor, consisting of a large,
confluent aggregate of immature neuroepithelium that forms
tubules lined by stratified cells.

Figure 8 Ovarian ependymoma, showing perivascular pseudoro-
settes.



course.”® Overgrowth of immature tubules, blaste-
ma, and stroma may result in nephroblastoma-like
tumors. These are uncommon and seen most
frequently in the postchemotherapy setting of
patients with metastatic testicular germ cell tu-
mors.®* Although experience is limited, they do
not appear to have the same ominous prognostic
significance in this setting as do PNETs.

The most common monodermal teratoma is
struma ovarii, but, enigmatically, struma testis is
so rare that no appreciable experience exists to merit
comment. Struma ovarii may be either solid or
cystic, with the solid examples usually being
glistening, tan-brown, or beefy red nodules. While
the diagnosis of struma ovarii is usually straightfor-
ward, certain variants may pose diagnostic difficul-
ties.®” Cellular examples may lack conspicuous
follicles and have a solid appearance or grow as
hollow to solid tubules of clear cells that mimic
metastatic renal clear cell carcinoma, primary clear
cell carcinoma of mullerian-type, or Sertoli cell
tumor (Figure 9). Tumors with oxyphilic cells may
simulate steroid cell tumor or diverse other oxyphi-
lic neoplasms. The key to the correct interpretation
is extensive sampling to detect characteristic foci of
follicles with intraluminal colloid. Appropriate
immunostains, including thyroid transcription fac-
tor-1 and thyroglobulin, can also be used. Cystic
examples of struma ovarii may have extensive areas
of nondescript pale cuboidal epithelium lining
cystic spaces, sometimes with small papillae having
hyalinized fibrous cores.”® These are prone to
misinterpretation as cystadenomas of surface
epithelial origin, usually serous cystadenoma. In
some cases of cystic struma, the follicles lack colloid
and are lined by cells with pale cytoplasm, causing
possible confusion with mucinous cystadenoma. A
frequently helpful feature is the brown to green
color of the cystic tumor, and extensive sampling
will often identify well-formed, though dispersed,
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Figure 9 Struma ovarii with solid tubules and clear cells
simulating Sertoli cell tumor. Note focal colloid.
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thyroid follicles in the fibrous septa between cysts.®®
The cellular examples just noted should not be
misinterpreted as follicular carcinoma, which is rare
in struma ovarii and requires the identification of
clear-cut invasive growth (capsular penetration) or
vascular invasion. When ‘malignant struma’ does
occur, it is almost always in the form of papillary
carcinoma, with the same histologic features as in
the thyroid gland and an excellent prognosis.®* As in
the thyroid gland, degenerative-based pseudopapil-
lae on the background of adenomatous changes
should be distinguished from papillary carcinoma
using conventional thyroid criteria.

Another relatively common monodermal teratoma
is gonadal carcinoid tumor. These lesions are
generally similar in the ovary and testis (except for
the restriction to date of strumal carcinoid to the
ovary), typically have a solid, tan to yellow gross
appearance, and usually show an insular or ‘mid-gut’
type of pattern and less commonly trabecular
growth.®*~%® In many cases, there is retraction artifact
between the islands of carcinoid tumor and the
surrounding fibrous stroma. They may be admixed
with other teratomatous elements, but do not occur
with nonteratomatous germ cell tumor components
in the testis and rarely do in the ovary. This
observation, plus the absence of IGCNU in the
testicular cases**® suggest that the testicular carci-
noids have a pathogenesis similar to ovarian or
prepubertal testicular teratoma. Gonadal carcinoids
usually pursue a clinically benign course. They must
be distinguished from gonadal metastasis of carci-
noid tumor, with prominent lymphovascular inva-
sion and bilateral involvement favoring metastasis
and associated teratomatous elements indicating a
primary lesion.®®®® Strumal carcinoid is a unique
tumor with thyroid follicles admixed with carci-
noid.” Like ovarian carcinoid, it rarely metastasizes.

Mucinous carcinoid is the rarest form of primary
gonadal carcinoid and, thus far, only documented in
the ovary.”* It shows a spectrum of appearances,
from well-differentiated examples consisting of
glands lined by goblet and neuroendocrine cells,
lacking atypia and ‘floating’ within mucin pools, to
atypical examples having cribriform and fused
glands lined by stratified cells with mucinous and
neuroendocrine features, to those with a frankly
carcinomatous component. Many cases are asso-
ciated with either a teratomatous or mucinous tumor
of surface epithelial type. As with the distinction of
primary from metastatic carcinoid tumor of any type
in the gonads, the presence of those associated
elements may be important in distinguishing a
primary mucinous carcinoid of the ovary from a
metastasis of appendiceal origin.

Gonadal teratomas—summary

In summary, there are benign gonadal teratomas that
are derived from nontransformed germ cells; these
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include the usual mature ovarian teratoma, prepu-
bertal testicular teratoma, and dermoid and epider-
moid cysts of the testis. There are malignant gonadal
teratomas that are malignant because of their
derivation from a malignant germ cell through the
intermediary forms of an invasive germ cell tumor,
such as yolk sac tumor or embryonal carcinoma
(‘preteratomatous’ malignant transformation). This
applies to most postpubertal testicular teratomas
(with the exceptions of dermoid and epidermoid
cyst and possibly carcinoid tumor), and it seems
likely also to explain the rare teratomatous elements
that develop in the uncommon mixed germ cell
tumors of the ovary. Additionally, some gonadal
teratomas are malignant because of ‘post-teratoma-
tous’ malignant transformation; such tumors usually
occur in the ovary and exhibit a spectrum of biologic
behavior, with low-grade examples including grades
1 and 2 immature teratoma, differentiated neuro-
ectodermal tumors (eg, ependymoma), malignant
struma (papillary carcinoma in struma ovarii),
carcinoid and strumal carcinoid. High-grade exam-
ples include dermoid cysts with squamous cell
carcinoma or various sarcomas or melanoma, primi-
tive neuroectodermal tumor, and ovarian glio-
blastoma.

Germinoma

Seminoma is the most common testicular germ cell
tumor, representing 50% of the cases,>*?*® and
dysgerminoma the second most common ovarian
germ cell tumor, although it represents only about
2% of them because of the marked predominance of
teratomas in the ovary compared to their much
lesser frequency in the testis (Table 1).° This tumor
is essentially morphologically identical in the two
gonads, and so this discussion considers some of the
diagnostic problems posed by seminoma and dys-
germinoma together.

The classic pattern of germinoma is distinctive
and readily recognized based on its overall sheet-
like arrangement of clear cells with well-defined
cytoplasmic borders (in well-fixed specimens) and
flattened, ‘squared-off’ nuclear membranes that is
subdivided into variably sized, smaller groups of
cells (alveolar aggregates, nests, clusters) by lym-
phocyte-bearing, fibrovascular septa. There are,
however, some unusual patterns that are prone to
misinterpretation. Occasional germinomas have a
microcystic or cribriform arrangement that may
suggest yolk sac tumor (Figure 10).**7*> In our
experience, this finding is more common in semi-
noma than dysgerminoma. This change may, in part,
be secondary to edema because some examples of
this phenomenon have faintly eosinophilic fluid
within the cystic spaces, but in other examples this
feature is lacking. Some cases have few lympho-
cytes, further complicating the interpretation since a
lymphocytic infiltrate is a usual feature of typical
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Figure 10 (a) Microcystic seminoma simulating yolk sac tumor.
The cysts are lined by polygonal tumor cells and many contain
exfoliated cells. Note absence of lymphocytes. (b) Higher
magnification shows typical cytological features of seminoma.

germinoma, occurring in almost all of them,”® and its
presence is a helpful criterion for the diagnosis of
germinoma, whereas yolk sac tumor generally lacks
lymphocytes. Helpful differential features include
that the cystic spaces in these unusual cases of
germinoma frequently contain exfoliated tumor cells
or inflammatory cells and are lined by polygonal
tumor cells rather than the flattened lining cells
with compressed nuclei of microcystic yolk sac
tumor (Figure 10a). The key differential findings,
however, are retention of the usual cytological
features of germinoma cells (Figure 10b) and
absence of other patterns that would be expected
in yolk sac tumor. Immunostains for cytokeratin
(AE1/AE3), alpha-fetoprotein (AFP), and OCT3/47*
are helpful, typically staining negatively (AE1/AE3
and AFP) and positively (OCT3/4) in germinoma
and showing opposite reactivities in yolk sac tumor
(Figure 11) (Table 2). OCT3/4 (also known as
POUS5F1) is a newly described nuclear transcription
factor that is expressed in human embryonic and
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Figure 11 Positive nuclear staining with OCT3/4 in a microcystic seminoma (left) compared to a negative reaction in a microcystic yolk
sac tumor (right).

stem cells and has been found to mark the nuclei of
germinomas and embryonal carcinomas with very
high sensitivity and specificity, being positive in all
189 examples of these tumors in two studies and
reactive in no other form of invasive germ cell tumor
or other form of primary testicular tumor.”*”®
Additionally, among 3439 tumors studied with
tissue microarrays, apart from germinoma, embry-
onal carcinoma, and gonadoblastoma, only three
other tumors stained positively (one of 50 clear cell
carcinomas of the kidney, one of 50 squamous cell
carcinomas of the lung and one of 47 large cell
carcinomas of the lung).”

Occasional germinomas have a solid tubular
pattern characterized by elongated nests with a
somewhat palisaded arrangement of tumor cells at
their periphery (Figure 12).”%”” This may cause
confusion with Sertoli cell tumor, but adjacent
intratubular germ cell neoplasia of the unclassified
type (IGCNU) may be helpful, if present, and more
reliably the nuclei have the typical appearance of
germinoma nuclei. When the light microscopic
features are ambiguous, immunostains for placental
alkaline phosphatase and OCT3/4 (positive in
germinoma and negative in Sertoli cell tumor) and
inhibin (negative in germinoma and often positive
in Sertoli cell tumor)”®®° are helpful (Table 2).
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Focal intertubular growth is common in semino-
ma, and rarely characterizes most of, or the entire,
tumor.®” Seminomas with purely intertubular
growth may not produce a clinical mass, and the
tumor is often heralded by metastases or found
during the investigation of infertility.?* The neoplas-
tic infiltrate in these cases may be deceptively subtle
and potentially overlooked at scanning magnifica-
tion. The seminiferous tubules remain intact with,
in some cases, expansion of the space between them
if the tumor cells are sufficiently numerous. In some
cases, however, the seminoma cells subtly infiltrate
the interstitium as individual cells or small clusters
without appreciable intertubular expansion (Figure
13). They may be admixed with clusters of Leydig
cells, which may further mask their presence. Clues
to this process include the common associated
lymphocytic infiltrate in the interstitium (although
this may be misinterpreted as a manifestation of
viral orchitis), the usual presence of IGCNU and the
frequently associated testicular atrophy and Leydig
cell hyperplasia.®® Because lymphomas and metas-
tases may show prominent intertubular growth, it is
important to identify the cytological features of
seminoma cells in these cases to rule out other
neoplastic infiltrates. Appropriate immunostains
can easily resolve the differential if necessary.
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Table 2 Usual immunostaining results for selected gonadal tumors and certain differential considerations

Immunostain Germi-  Spermato- Embryonal Yolk Sertoli Adenoma- Large Glandular Endo-
noma cytic carcinoma sac cell toid cell car- yolk sac metrioid
seminoma tumor tumor tumor cinoma tumor carcinoma
Alpha-fetoprotein - - + + - - - + _
Cytokeratin (AE1/AE3) + ++ ++ + ++ ++ ++ ++
Cytokeratin 7 + ? + + + + _ +
Epithelial - - — + + + — +
membrane antigen
OCT3/4 + — + — - — _
Placental alkaline ++ + + + — _ + + +
phosphatase
CD 30 - - + + ? ? + ? ?
Inhibin — — — — + _ _ _ _
C-kit ++ + + + ? ? + + +
Calretinin - ? - — + + + ? 4

+ or ++ indicates most cases are positive or strongly positive; + indicates variable staining; — indicates most cases are negative; ? indicates few
data are available.

Figure 12 Tubular pattern in a seminoma, with mostly solid
tubule-like structures.

Germinomas may have areas with cells that have
denser, sometimes eosinophilic or amphophilic
cytoplasm and increased nuclear crowding and
irregularity; this appearance must be distinguished
from embryonal carcinoma. Frequently, these find-
ings relate to suboptimal fixation of germinoma,
resulting in poorly defined cell membranes, cyto-
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Figure 13 Intertubular pattern seminoma (arrows).

plasmic autolysis and secondary nuclear crowding,
but occasionally they occur as real phenomenon in
well-processed material. Some germinomas may
have these features diffusely, yielding an overall
plasmacytoid appearance (Figure 14). In the past,
many such testicular cases were considered ‘ana-
plastic’ seminomas, a term that often causes confu-
sion in the minds of pathologists and oncologists
alike and which is not recommended. Tickoo et al**
identified a number of seminomas that had these
histological features and that also tended to stain
more prominently for cytokeratin and CD30 than the
usual seminoma. They found that these ‘atypical’
seminomas tended to present at a higher tumor stage
and advocated that they may merit more aggressive
treatment. Others, myself included, however con-
tinue to place these cases into the seminoma
category without separately designating them as
atypical since it is not clear that different treatment
is indicated. On most occasions the diagnosis of
embryonal carcinoma is straightforward, but small
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Figure 14 Seminoma with plasmacytoid appearance.

foci within a background of germinoma may be
challenging to identify. Any distinct epithelial
differentiation, gland or papilla formation, should
be regarded as evidence of embryonal carcinoma. In
the absence of distinct epithelial features, a combi-
nation of findings (nuclear pleomorphism, nuclear
crowding and irregularity, dense cytoplasm, indis-
tinct cell borders) will cause concern for transforma-
tion of germinoma to embryonal carcinoma. For
those borderline cases where there is ambiguity at
the routine light microscopic level, immunostains
for CD30 and cytokeratin (AE1/AE3) may be use-
ful.®* Positivity in the problematic areas for these
markers that contrasts with negativity in the typical
germinoma areas provides support for an embryonal
carcinoma component (Table 2). If the borderline
findings are diffuse, impressive AE1/AE3 and CD30
reactivity should be required, rather than focally
prominent positivity for one of these markers, before
accepting the tumor as embryonal carcinoma.
About 5% of germinomas have distinct admixed
syncytiotrophoblast cells,”*#® although additional
cases with inconspicuous syncytiotrophoblast cells
can be identified using immunohistochemical stains
for human chorionic gonadotropin (hCG).** When
these cells are widely dispersed, as is typically the
case, this phenomenon does not usually create
diagnostic confusion. However, when they occur
in sizable clusters, there may be concern for
choriocarcinoma (Figure 15). Unlike choriocarcino-
ma, however, these tumors lack the plexiform
admixture with cytotrophoblast cells, which show
a greater degree of pleomorphism than the uniform,
germinoma cells associated with admixed syncytio-
trophoblast cells. Additionally, other areas of the
tumor have the typical findings of germinoma.
Syncytiotrophoblast cells in germinoma, just as in
choriocarcinoma and other types of germ cell tumor,
synthesize and secrete hCG, which may, therefore,
cause a number of hormonal manifestations.® These
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Figure 15 Seminoma with prominent syncytiotrophoblast cells
and associated blood lakes.

include androgenic ones from secondary hyperpla-
sia of Leydig cells in the testis or stimulation of the
ovarian stroma; estrogenic ones, either because of
direct stimulation of ovarian stroma and/or non-
neoplastic follicles or peripheral conversion of
androgen to estrogen, thereby resulting in abnormal
uterine bleeding or, in men, gynecomastia; and
hyperthyroidism because of the thyroid-stimulating
hormone-like activity of hCG.?%*” A number of other
interesting, paraneoplastic manifestations may be
seen in association with germ cell tumors, especially
germinomas, including hypercalcemia,®**® hypogly-
cemia,®® exophthalmos,’®®' autoimmune hemolytic
anemia (usually ovarian dermoids), ataxia telangiec-
tasia,®® and limbic encephalopathy.®*%?

Spermatocytic seminoma

Spermatocytic seminoma may be confused with
usual seminoma, a very important distinction from
the clinical standpoint since spermatocytic semino-
mas virtually never metastasize (except for those
with a rare complication mentioned below) and do
not merit treatment apart from orchiectomy.®*’
This tumor is limited to the male gonad and has a
number of fascinating aspects. Although most
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patients with spermatocytic seminoma are older
(mean, 55 years)®® than those with usual seminoma
(mean, 40 years),* there is considerable overlap.
Grossly, spermatocytic seminoma often has a more
gelatinous quality than the typically uniformly
fleshy nature of usual seminoma. The sheet-like
arrangement of spermatocytic seminoma may pro-
voke an initial impression of usual seminoma, but
closer inspection shows a paucity of lymphocytes,
round rather than ‘squared off’ nuclei and variable
cell size (‘tripartite’ cell population having small,
‘lymphocyte-like’ tumor cells, intermediate sized
cells, and large cells that are sometimes multi-
nucleated). In the ‘anaplastic’ variant of spermato-
cytic seminoma,®® named for its uniformly atypical
cells with nucleolar prominence (Figure 16)
(although lacking clinical evidence of aggressive
behavior), the relatively monomorphous tumor cell
population may prompt consideration of the solid
pattern of embryonal carcinoma. Most such cases,
however, have a typical appearance elsewhere, and
it is preferable to regard this appearance as part of
the spectrum of spermatocytic seminoma rather than
cause clinical concern by use of the term ‘anaplas-
tic’. Unlike usual seminoma or embryonal carcino-
ma, spermatocytic seminoma lacks IGCNU,'™ a
feature which is helpful in its diagnosis. Addition-
ally, immunostains for placental alkaline phospha-
tase and OCT3/4 are positive in both wusual
seminoma and embryonal carcinoma but essentially
negative (placental alkaline phosphatase) to always
negative (OCT3/4) in spermatocytic semino-
ma,”*'°"1%2  which also shows negativity for
CD30"* (positive in embryonal carcinoma) and
AE1/AE3 cytokeratin®® (positive in embryonal
carcinoma) (Table 2). The presence of polyploid
populations of tumor cells in spermatocytic semi-
noma'®* leads to the speculation that spermatocytic
seminoma results from self-fertilization of germ
cells, a hypothesis that is also consistent with its
exclusively testicular occurrence.
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Figure 16 ‘Anaplastic’ spermatocytic seminoma with a mono-
morphic population of tumor cells with prominent nucleoli.
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On rare occasions, sarcomas, usually thabdomyo-
sarcoma or undifferentiated, high-grade sarcoma,
may develop in spermatocytic seminomas, typically
presenting as rapidly growing testicular masses in
patients with previously relatively stable lesions of
long duration.'®*'*® Unlike the situation with
uncomplicated spermatocytic seminomas, those
with sarcomatous change develop metastases in a
hematogenous distribution in many of the cases.

Embryonal carcinoma

Embryonal carcinoma is relatively common among
testicular germ cell tumors, where 10% are pure
embryonal carcinomas and even more have it as a
component of a mixed germ cell tumor (Table 1).
Yet, for unknown reasons, embryonal carcinoma is
rare among ovarian germ cell tumors'” (Table 1).
The sheets, glands, and papillary structures com-
posed of primitive epithelial cells with crowded,
pleomorphic nuclei are usually distinctive among
the germ cell tumors and pose no diagnostic
problem in the gonad except for their distinction
from uncommon atypical seminomas, as already
discussed. When patients, however, present with
metastatic lesions without a known gonadal pri-
mary, the distinction from an undifferentiated large
cell carcinoma can be problematic. The typically
younger age of the patient, however, is helpful, and
a panel of immunostains that includes CD30, EMA,
and OCT3/4 can confirm the diagnosis in this
situation (Table 2).

Yolk sac tumor

This is the third most common form of ovarian germ
cell tumor (~1% of cases)® and is a common
component of mixed germ cell tumors of the testis
(Table 1). Most of the ovarian yolk sac tumors occur
as pure neoplasms, whereas pure yolk sac tumors of
the testis are rare in adults but the most common
testicular germ cell tumor in children, peaking at 1.5
years of age and representing about 70% of pediatric
testicular germ cell tumors.'®® There are numerous
patterns of yolk sac tumor, beautifully described and
illustrated by Teilum'*'? in his classical writings
on this tumor, and only a few of the more
challenging ones will be discussed here, some of
them recognized since Dr Teilum’s death. Often
these are admixed with other patterns that facilitate
the diagnosis.

One of the classic errors in tumor pathology is the
misinterpretation of clear cell carcinoma of the
ovary as yolk sac tumor. For years both these tumors
were considered the same entity until Teilum
resolved that issue. Clear cell carcinoma shares with
yolk sac tumor tubular, cystic, and papillary pat-
terns, but other distinctive yolk sac tumor patterns
are absent; the patients are significantly older than
those with yolk sac tumor, and it is not associated



with elevated serum alpha-fetoprotein, although,
treacherously, it can stain for it immunohistochemi-
cally."*® Only uncommon or deceptive patterns are
considered here.

The solid pattern of yolk sac tumor mimics
germinoma by virtue of its sheet-like arrangement
of lightly staining cells with well-defined borders
(Figure 17). A greater degree of nuclear varia-
bility, occasional suggestion of microcysts
(although, as mentioned, this feature may also
be seen less commonly in germinomas) and
scarcity of lymphocytes in solid yolk sac tumor
are helpful in making the distinction from
germinoma,""* as is the occasional occurrence of
intracytoplasmic hyaline globules and extracellu-
lar basement membrane deposits, features lacking
in germinomas.’® Most helpful is the occurrence
of more distinctive yolk sac tumor patterns,
which are almost always present in sizable
samples but may be absent in limited material,
as in biopsies from metastatic sites. Immunostains
can assist in problematic cases since cytokeratin
(AE1/AE3) and AFP stains (Figure 17b) are often
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Figure 17 (a) Solid pattern yolk sac tumor resembling germi-
noma. (b) Alpha-fetoprotein immunostain in a similar case.
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positive in solid yolk sac tumor and negative in
germinoma."™* Additionally, the OCT3/4 immu-
nostain is positive in germinoma, but negative in
yolk sac tumor (Table 2).”* Rarely there is a solid,
blastema-like growth of small cells in yolk sac
tumor, but this is always associated with typical
patterns in our experience.

Glandular patterns occur in about one-third of
yolk sac tumors,"” usually taking the form of
scattered, simple glands and representing no
diagnostic problem. Rarely, a predominantly or
purely glandular pattern occurs in primary yolk
sac tumors, almost always in the ovary (see below),
often with prominent subnuclear vacuolization,
thereby resembling secretory endometrioid carci-
noma (endometrioid-like yolk sac tumor) (Figure
18).""® In cases of testicular germ cell tumor, purely
glandular patterns are almost exclusively seen in
metastases resected after chemotherapy rather than
in the primary tumors. They are most common in
recurrences seen two or more years after the initial
diagnosis.”” Endometrioid-like yolk sac tumor
occurs in younger patients (mean, 22 years)''® than
those with endometrioid adenocarcinoma (mean,
56 years) and the latter is frequently associated
with endometriosis or an endometrioid adeno-
fibroma.® The frequently elevated serum AFP level
in patients with glandular yolk sac tumors'*® con-
trasts with the normal level in cases of endome-
trioid adenocarcinomas. This differential is
complicated by the fact that rarely yolk sac tumor
arises on the background of a somatic ovarian
neoplasm, which is most commonly endometrioid
adenocarcinoma,'*® but these tumors occur in an
older age group than yolk sac tumors and have a
number of helpful pathological distinguishing
features, most important of which is the associated
conventional carcinoma. The differential of a
purely glandular testicular yolk sac tumor is
limited, mainly being with a rare adenocarcinoma

Figure 18 Glandular yolk sac tumor of the ovary, resembling
endometrioid adenocarcinoma.
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that has developed from pre-existing teratoma.
Immunostains are helpful in distinguishing adeno-
carcinoma and glandular yolk sac tumor; AFP is
positive, and EMA and cytokeratin 7 are negative
in endometrioid-like yolk sac tumor and show
opposite reactivities in endometrioid adenocarci-
noma (Table 2).119:120

Hepatoid differentiation, usually scattered, small
clusters of polygonal cells with abundant eosino-
philic cytoplasm and prominent nucleoli, is
common in yolk sac tumors, occurring in 22% of
cases in one series'” and is infrequently seen in
other ovarian tumors.'** Rarely, there is a pre-
dominant or pure hepatoid pattern (Figure
19);'*>'*® in males prominent hepatoid differentia-
tion is almost always seen in metastatic lesions
resected after chemotherapy, particularly in the
context of late recurrence,''” rather than in the
primary. For pure or predominantly hepatoid
ovarian yolk sac tumors, the differential includes
the rare hepatoid carcinoma.’ The occurrence of
the latter in older patients and its common
admixture with an adenocarcinomatous compo-
nent of surface epithelial type (usually serous),
sometimes evident only in metastases, are helpful
findings. Distinction of hepatoid yolk sac tumor
from metastatic hepatocellular carcinoma to the
ovary is usually facilitated by knowledge of tumor
in the liver, a history of long-standing liver disease
and presence in the ovarian tumor of minor foci of
yolk sac neoplasia.

Lastly, yolk sac tumors commonly have abundant
basement membrane deposits that surround indivi-
dual and small groups of tumor cells.’*® Rarely, this
‘parietal’ differentiation (named for the comparable
structure in the rodent yolk sac) becomes predomi-
nant, leaving isolated tumor cells in a dense base-
ment membrane matrix. This tends to occur most
frequently, at least in testicular cancer patients, in
resected metastases following chemotherapy,*”#
and it may be misinterpreted as a matrix-producing
mesenchymal lesion if the pathologist is not aware
of the phenomenon.
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Figure 19 Hepatoid yolk sac tumor.
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Choriocarcinoma

Choriocarcinoma is among the rarest of the gonadal
germ cell tumors, with pure examples in either
gonad representing well under 1% of the total
number of germ cell tumors (Table 1). Because of
its production of hCG, it may be associated with a
number of hormonal manifestations mentioned
already (see the section on Germinoma). Those in
the testis are especially prone to present with
metastases rather than a mass. The typical pattern
is a plexiform arrangement of syncytiotrophoblast
cells with mononucleated, mostly cytotrophoblast
cells around foci of hemorrhage, although some
examples may have a relatively inconspicuous
syncytiotrophoblast component. Ovarian cases
should be distinguished from metastatic gestational
choriocarcinoma; a concomitant or proximate gesta-
tion almost always indicates the latter, whereas
another germ cell tumor component indicates the
primary nature of the ovarian tumor.

Polyembryoma

The polyembryoma is a distinctive form of mixed
germ cell tumor of the gonads that is often sepa-
rately categorized because of its unique histologic
features."®'*” First described by Peyron,'”® its
formation of embryo-like structures composed of
primitive germ cell tumor components may be
viewed conceptually as a bridge between the
primitive and differentiated (teratoma) germ cell
tumor types, leading some to place the polyembryo-
ma into the category of the most immature of all
teratomas. Indeed, perhaps every tumor of this type
encountered to date has had at least a few differ-
entiated teratomatous structures, such as glands,
buttressing this viewpoint.

The tumor consists of small embryo-like bodies
having a central ‘germ disc’ composed of embryonal
carcinoma epithelium and two cavities, a dorsal one
recapitulating the amniotic cavity and a ventral one
recapitulating the yolk sac cavity (Figure 20). The
latter is separated from the germ disc by a thin layer
of yolk sac epithelium. The embryoid bodies lie in
an edematous to myxoid stroma that has prominent
blood vessels. They are usually somewhat evenly
spaced and, as noted earlier, the intervening areas
show minor degrees of glands or other more
differentiated elements. Elements other than the
embryoid bodies, however, should constitute less
than 10% of the tumor for the ‘polyembryoma’
designation to be used. Hepatoid cells may rarely be
seen, and syncytiotrophoblast giant cells are more
frequent, sometimes causing endocrine manifesta-
tions. In some cases, the embryonal carcinoma and
yolk sac epithelium proliferate to a limited degree
and lose the orderly arrangement of the ‘classic’
embryoid body, with extension of these components
beyond the confines of the embryoid body. The
point at which one considers a small aggregate of
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Figure 20 (a) Polyembryoma showing multiple embryoid bodies
relatively evenly dispersed in a myxoid stroma. (b) Embryoid
body having a core of embryonal carcinoma, a dorsal amniotic
cavity, and a ventral component of yolk sac tumor.

cells a separate focus of embryonal carcinoma, or
alternatively, yolk sac tumor is arbitrary, with one
proposal being 3mm." Just as the presence of
differentiated structures links the polyembryoma
with the teratomas, so at the other end of the
spectrum the phenomenon just referred to, which in
daily practice we colloquially refer to as ‘fragmenta-
tion of embryoid bodies’, links them with the
primitive germ cell tumors. Further example of this
linkage is provided by the fact that if one looks
carefully embryoid bodies are common in mixed
germ cell tumors of the gonads and, simply because
mixed germ cell tumors are more common in the
testis and have more randomly arranged elements,
embryoid bodies are typically a finding in testicular
tumor pathology to a much greater degree than in
the ovary. A further distinctive arrangement of yolk
sac tumor and embryonal carcinoma epithelium is
seen in the pattern that has been likened to a
necklace and referred to as ‘diffuse embryoma’
(Figure 21). Like the polyembryoma, pure examples
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Figure 21 Diffuse embryoma showing the necklace-like arrange-
ment of parallel ribbons of embryonal carcinoma and yolk sac
tumor cells, the latter having a more flattened appearance.

of the diffuse embryoma are exceptionally rare,
although this is a relatively frequent, focal pattern in
mixed germ cell tumors of the testis.

Mixed germ cell tumors

Since, as mentioned in the introduction, one of the
themes of this essay is contrasts between germ cell
neoplasms in the two gonads, a few comments on
mixed germ cell tumors are appropriate. Although
their individual constituents are the same in the
gonads, other striking differences exist, some al-
ready touched upon. First of all, they are much more
common in the testis (33 vs <1%, Table 1). Almost
any admixture is seen in the testis, many with
roughly equal frequency, whereas in the ovary
various combinations of yolk sac tumor, dysgermi-
noma, and teratoma account for the great majority.
Finally, in the testis a random admixture of elements
is typical, a more zonal distribution of two or more
elements being more usual in the ovary, without
implying that the opposite cannot be seen on
occasion.

Regression of primitive germ cell tumors

Primitive germ cell tumors of the testis (but not
those of the ovary) occasionally exhibit a remarkable
phenomenon, spontaneous regression, the typical
scenario being a patient who presents with meta-
static disease with a clinically inapparent primary
but who has at least ‘ghost’ evidence of pre-existing
tumor on pathologic examination of the testis. In
classic examples of this enigmatic phenomenon,
there is no identifiable invasive neoplasm on
microscopic examination but just dense, often hya-
line scarring, sometimes with IGCNU in adjacent
tubules. In an autopsy study, about 10% of patients
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Figure 22 Regressed testicular germ cell tumor with area of
scarring, coarse intratubular calcifications, lymphocytic infil-
trates, and focal residual teratoma (bottom right).

who died of metastatic testicular germ cell tumors
had such ‘burnt-out’ primary tumors."*® Features
that are helpful in establishing a diagnosis of a
regressed testicular germ cell tumor include, apart
from the scar formation, intratubular calcifications,
IGCNU, a lymphoplasmacytic infiltrate, hemosider-
in-containing macrophages, and testicular atrophy
(Figure 22)."*°"** In many cases, the scarred focus
still has residual, hyalinized tubular outlines, which
therefore should not be misconstrued as evidence
for a non-neoplastic scarring process. It is likely that
such tubular remnants within scars reflect regres-
sion of intertubular growth of pre-existing germ cell
tumor, a relatively frequent focal pattern in semi-
noma. That the scarring represents ‘burnt-out’
neoplasm is supported by the fact that in many
cases there is residual, viable tumor that is focally or
extensively undergoing this retrogressive, scarring
process. While choriocarcinoma is probably the
tumor that is most prone to spontaneous regression,
seminoma is also susceptible and is responsible for
the greatest number of cases, given its much greater
frequency. This phenomenon may also be seen with
embryonal carcinoma in which instance coarse
intratubular calcification may be a clue to the prior
presence of viable neoplasia of that type.
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