
Pathology and 
Biology of Human 
Germ Cell Tumors

Francisco F. Nogales
Rafael E. Jimenez
Editors

123



Pathology and Biology of Human Germ 
Cell Tumors



Francisco F. Nogales • Rafael E. Jimenez
Editors

Pathology and Biology 
of Human Germ Cell 
Tumors



ISBN 978-3-662-53773-2    ISBN 978-3-662-53775-6 (eBook)
DOI 10.1007/978-3-662-53775-6

Library of Congress Control Number: 2017931581

© Springer-Verlag GmbH Germany 2017
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or 
part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, 
and transmission or information storage and retrieval, electronic adaptation, computer software, 
or by similar or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a specific statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use.
The publisher, the authors and the editors are safe to assume that the advice and information in 
this book are believed to be true and accurate at the date of publication. Neither the publisher nor 
the authors or the editors give a warranty, express or implied, with respect to the material 
contained herein or for any errors or omissions that may have been made.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer-Verlag GmbH Germany
The registered company address is: Heidelberger Platz 3, 14197 Berlin, Germany

Editors
Francisco F. Nogales
Departamento de Anatomía Patológica
Universidad de Granada Facultad de 
Medicina
Granada 
Spain

Rafael E. Jimenez
Department of Laboratory Medicine  
and Pathology
Mayo Clinic
Rochester, Minnesota 
USA



To Gordon Barry Pierce (1925–2015) who found the key to 
unlocking the magic of germ cell tumors.
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August 2016
Since their first documented descriptions, germ cell tumors have always 

been a leading exhibit in an imaginary cabinet of scientific curiosities. The 
reason is their extraordinariness, resulting from the finding of distorted bodily 
structures in unexpected organs and at different ages. This distortion of the 
body image has prompted the evolution of thought, ideas, and theories about 
their origin and meaning ranging from the purely magical to the current ideas 
of their pathogenesis and differentiation potentials.

However, the key to the understanding of their multiple and complex dif-
ferentiations lies in the concepts of pluripotentiality and tumor stem cells, an 
original idea developed by G. Barry Pierce (1925–2015), mentor and kind 
friend to some of the older contributors (FFN and ID) of this monograph. His 
farsighted work with L. Kleinsmith on murine teratocarcinoma [1] demon-
strated, for the first time, the existence of pluripotent tumor stem cells. Thus, 
the study of these curious tumors turned out to be a biological Rosetta stone, 
linking embryonic and neoplastic development [2] in what Rupert A. Willis 
called a borderland of embryology and pathology, [3] eventually becoming 
the key to understanding tumor biology and especially pluripotentiality as the 
paradigm in the origin and histology of germ cell tumors.

Since Willis’ [4] book in the early 1950s, no other reference book has 
provided a complete and integrated picture of germ cell tumors in the various 
organs and ages of life including their pathogenesis and surgical pathology, 
having been usually partially analyzed from pediatric, gynecologic, uro-
pathologic, and other similarly specialized viewpoints. In this monograph, 
we have brought together the current knowledge on gonadal and extragonadal 
germ cell tumors and analyzed them from a broader perspective that includes 
basic clinical features and management, epidemiology, molecular biology, 
and an extensive clinicopathologic analysis, with emphasis on their most fre-
quent locations: testicular, ovarian, and mediastinal. Since germ cell tumors 
exhibit a stereotyped histology in the various organs, a certain degree of over-
lap and repetition is unavoidable.

The characteristic histology of germ cell tumors in various organs has led 
to the general belief that tumors with a similar morphology share the same 
origin. This assumption obscures the understanding of their biology, since 
germ cell tumors behave differently depending on the age of the patient and 
the organ they arise from. The explanation for their diverse behavior lies not 
in a generic germ cell origin but in the developmental state of the precursor 
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stem cells, which are biologically different in the various anatomical sites and 
ages of life.

In this monograph, we attempt to analyze germ cell tumors, not only his-
topathologically but under the developmental perspective outlined by 
Oosterhuis and Looijenga in Chap. 3, thus lending support to G. B. Pierce’s 
notion of germ cell tumors as caricatures of progressive stages of embryonal 
development. Their approach, focusing on the developmental potential of 
embryonic stem and germ cells, provides a unifying model for all germ cell 
tumors. This concept crystallizes in a pathogenetic classification of germ cell 
tumors into seven types, each of them reflecting a defined stem cell potency 
state. This classification also includes, for the first time, germ cell tumor pat-
terns derived from somatic tumors that are the result of induced pluripotency 
of tumor stem cells. Their proposal provides a good explanation for the clini-
copathologic diversity of germ cell tumors, answering many extant questions 
about their epidemiology, morphology, and behavior. Consequently, 
Oosterhuis and Looijenga’s proposed classification will be followed in most 
chapters, especially in gonadal germ cell tumors.

Histopathologic terminology is updated to the recently proposed changes 
in the World Health Organization blue books in the testis, ovary, and 
mediastinum.

A brief summary of the contents follows:

Dr. Ivan Damjanov is a leading figure in the experimental pathology of germ 
cell tumors. In his introductory chapter, he reviews the flow of clinico-
pathologic and experimental knowledge, to which he has been an impor-
tant contributor, leading to the present concepts and terminology.

A European-wide study on the epidemiology of germ cell tumors is presented 
by Drs. Trama and Berrino in Chap. 2. This study complements recent 
studies from the UK and USA.

As previously mentioned, Chap. 3 integrates a wealth of clinicopathologic 
with cytogenetic and basic stem cell research data to provide a rationale 
for a comprehensive biological classification of germ cell tumors.

Chapter 4 complements Chap. 3 with a practical approach, the analysis of 
antibody expression, reviewing current data on diagnostic immunohisto-
chemistry and analyzing both stage-specific, pluripotency markers and 
organ-specific ones. The genes and developmental role of each antibody 
are discussed and a hands-on approach to the use of commercially avail-
able antibodies is provided.

In Chap. 5, the Mayo Clinic Medical Oncology team summarizes the man-
agement of germ cell tumors using testicular germ cell tumors as the pro-
totype example.

Chapters 6, 7, 8, and 9 provide an extensive coverage of both histopathologic 
and clinicopathologic findings of germ cell tumors in their more frequent 
locations: gonads and mediastinum.

Chapter 6 is an update of the current histopathology of ovarian germ cell 
tumors, emphasizing the expression of characteristic pluripotency markers 
as a mandatory diagnostic tool for differential diagnosis. Yolk sac tumors 
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are reconsidered as primitive endodermal tumors applying a diagnostic 
immunohistochemical panel able to distinguish between extraembryonal 
and somatic variants. Prognostically relevant histologic grading of imma-
ture teratomas is reanalyzed, taking into account the presence of immature 
endodermal structures and the expression of pluripotency markers. Finally, 
an emerging category of highly malignant germ cell tumors originating 
not from germ cells but from somatic müllerian tumors in older patients 
(endometrioid carcinomas and clear cell tumors) is analyzed in depth.

Chapter 7 focuses on postpubertal testicular tumors. It incorporates recent 
terminology and classification of testicular neoplasms recently introduced 
by the World Health Organization. These include the new terminology of 
germ cell neoplasia in situ and spermatocytic tumor. The concepts of pre-
puberal- and postpubertal-type teratomas are defined and contrasted, con-
cepts that are highly analogous to the premises of Oosterhuis and 
Looijenga’s classification. The pathology of these tumors is analyzed in 
the context of their clinical implications. Sadly, the senior author of this 
chapter, Dr. Thomas J. Sebo, passed away during the preparation of this 
manuscript. The chapter pays tribute to his outstanding skills as diagnostic 
urologic pathologist.

Chapter 8 focuses on features of mediastinal GCT that might differ from their 
gonadal counterparts including imaging, immunophenotype, cytogenetic 
and molecular characteristics, and prognosis. Important differential diag-
noses that should be considered before establishing a diagnosis of primary 
mediastinal GCT are also discussed.

Chapter 9 summarizes current knowledge about the clinicopathologic, phe-
notypic, and molecular characteristics of intracranial germ cell tumors, 
highlighting specific properties of intracranial sites.

Chapter 10 emphasizes differential findings relevant in the extensive and fas-
cinating morphologic spectrum of pediatric germ cell tumors, particularly 
those associated with disorders of sex development.

Germ cell tumors found in miscellaneous sites are reviewed in Chap. 11 with 
special emphasis on their organ-related particularities and their differen-
tial diagnoses.

Finally, Chap. 12 covers, for the first time, another emerging category of 
tumors: somatic-type malignancies that develop in pre-existing germ cell 
tumors. The topic is presented in the context of the different types of germ 
cell tumors according to Oosterhuis and Looijenga’s classification.

With its wide multiorganic and biopathologic approach, we hope that the 
present monograph will prove useful to the understanding of the pathology 
and biology of germ cell tumors.

The editors would like to thank the authors for their generosity with their 
time and knowledge and patience to bear innumerable and persistent requests 
from the editors. Ms. M. Himberger, project coordinator from Springer, stoi-
cally bore with us the delays due to the late appearance of the new WHO 
classifications of tumors. Dr. Heather Fulwood was a daily inspiration and 
great help throughout the edition of this book.

Preface

http://dx.doi.org/10.1007/978-3-662-53775-6_7
http://dx.doi.org/10.1007/978-3-662-53775-6_8
http://dx.doi.org/10.1007/978-3-662-53775-6_9
http://dx.doi.org/10.1007/978-3-662-53775-6_10
http://dx.doi.org/10.1007/978-3-662-53775-6_11
http://dx.doi.org/10.1007/978-3-662-53775-6_12


x

We are sad indeed that Dr. G. Barry Pierce did not live quite long enough 
to see the publication of this monograph which is our homage to his brilliant 
commitment and contribution to the understanding of germ cell tumors.

Finally, we would like to thank the partners and family of the authors and 
editors for their understanding of the time we have often robbed from family 
life.

Zahara de los Atunes, Spain Francisco F. Nogales
Rochester, MN, USA Rafael E. Jimenez
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Germ Cell Tumors: Classifications, 
Definitions, and Terminology

Ivan Damjanov

1.1  Introduction

The history of human ovarian, testicular, and 
extragonadal teratomas and, by extension, 
human germ cell tumors in general has been 
extensively reviewed on several occasions [1–
10]. From these reviews it seems that the first 
fully documented case of teratoma of the ovary 
was reported in 1658 by Johann Scholz [also 
known under his Latin surname Scultetus] [4], 
while the first teratoid tumor of the testis was 
reported in 1696 by Saint Donat [10]. The first 
description of sacrococcygeal and retroperitoneal 
teratomas and other germ cell tumors cannot be 
determined exactly, although it seems that 
the Chaldean Babylonian cuneiform papyri 
4000 years ago contained a description of child 
with a sacrococcygeal teratoma [2]. According 
to the literature review by Lamphier [8], the first 
case of a mediastinal dermoid cyst was reported 
by J. A. Gordon in an address to the Medico-
Chirurgical Society of London in November 
1823 and published later in the society 
proceedings in 1827. According to Wheeler [4], 

Maier reported a cerebral dermoid in a two-
week-old boy, and Weigert in 1875 provided his-
tologic evidence for a teratoma of the pineal 
gland. These two cases would qualify as the first 
intracranial germ cell tumors on record. 
According to the review of Lynch and Blewett 
[9], it was Askenazy in 1906 who first described 
an intracranial choriocarcinoma.

These early reports of human germ cell tumors 
were based on a vague understanding of their 
biology and histogenesis and usually included a 
lot of speculation and verbosity. Actually, in 
many cases the germ cell nature of tumors 
described was not even mentioned. The confus-
ing terminology used by these pioneers of pathol-
ogy was reviewed by James Ewing [10], who 
himself did not lack strong opinions and a ten-
dency for speculation. Ewing also contributed to 
the confusing view that seminoma and embryo-
nal carcinoma (EC) are more or less the same.

In summary, although I have tried to decipher 
some of the early thinking that went into these 
efforts to make the terminology of germ cell 
tumors consistent with the clinical requirements, I 
must admit that in retrospect that it was almost 
impossible for me to reconstruct the thinking of 
our predecessors. To this end I tend to agree with 
Rupert Willis [5] who in his very influential book 
wrote the following: “It would be of little use to 
recount the confused views which were held of the 
nature of testicular tumors during the later part of 
last century, when “sarcomas” and “endothelio-

I. Damjanov, MD, PhD  
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The University of Kansas School of Medicine,  
3901 Rainbow Blvd., Mail Stop 3045 2017 Wahl  
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mas” abounded and when teratomas were called 
“chondromas”, “chondro-carcinomas”, “rhabdo-
myomas”,“myo-chondromas”, etcetera, according 
to the tissues which had been detected in them.” 
Accordingly, I will continue my discussion with 
the contributions of Friedman and Moore, who in 
essence initiated the modern era of germ cell 
research with their classical 1946 paper [11].

1.2  Classification of Testicular 
Germ Cell Tumors

All the modern classifications of testicular tumors 
can be traced to the groundbreaking work of 
Friedman and Moore who examined more than 
900 testicular tumors removed from male mem-
bers of the US military during the World War II 
[WWII] period [11]. These authors recognized 
four fundamental structural patterns correspond-
ing to seminoma, embryonal carcinoma, chorio-
epithelioma, and teratomas and proposed that the 
germ cell tumors be classified in four groups: (1) 
seminoma [germinoma]; (2) embryonal carci-
noma, including a subset of chorioepithelioma; 
(3) teratoma; and (4) teratocarcinoma (Fig. 1.1). 
As pointed out by Young [6], the most important 
contribution of these authors was their recogni-
tion of embryonal carcinoma [EC] as a neoplasm 
distinct from seminoma. I would also add that 
they recognized the capacity of embryonal carci-
noma cells to differentiate into the chorioepithe-
liomatous elements and the somatic tissues 
forming the teratomatous part of mixed germ cell 
tumor (Fig. 1.2). Their insight was followed up 
by G. Barry Pierce [12] who proposed and exper-
imentally proved that EC cells represent the 
developmentally pluripotent malignant stem cells 
of teratocarcinomas or mixed germ cell tumors as 
we usually call them today. Like other stem cells, 
EC cells can self-renew on one hand side and dif-
ferentiate on the other. If unchecked, they propa-
gate until they kill the host. They can metastasize 
but also differentiate into benign nonproliferating 
somatic tissues or extraembryonic structures 
such as yolk sac or trophoblast. The reversibility 
of malignancy of EC cells, a concept pioneered 
by Pierce in 1950 and later [13], has been by now 
generally accepted and confirmed in the murine 

models of teratocarcinoma and EC, pioneered by 
Ralph Brinster, Gail Martin, and Martin Evans, 
as reviewed by Davor Solter [14], and also at a 
recent international conference attended by most 
scientists who have experimentally contributed to 
this field [15]. In clinical practice these principles 
are confirmed repeatedly by the finding of mature 
teratomas in lymph nodes of testicular cancer 
patients treated by modern cis-platinum-based 
chemotherapy.

The original classification of Friedman and 
Moore [11] was first modified by Dixon and 
Moore and printed in the first edition of atlases 
of the Armed Forces Institute of Pathology 
[AFIP] in 1952 [16]. In that treatise, Dixon and 
Moore have in de facto divided testicular germ 
cell tumors in two groups: seminomas and all 
others, stating that embryonal carcinoma, cho-
riocarcinoma, and teratomas are closely related 
tumors, as indicated in their drawing (Fig. 1.3). 
They also stated that there are numerous mixed 
forms, calculating at least 15 possible varieties 
and combinations which could be encountered in 
various tumors. To simplify the matters and to 
make the classification as clinically relevant as 
possible, Dixon and Moore [16] divided the 
germ cell tumors in five groups: (I) seminoma, 
pure; (II) embryonal carcinoma, pure or with 
seminoma; (III) teratoma, pure or with semi-
noma; (IV) teratoma with either embryonal car-
cinoma or choriocarcinoma or both and with or 
without seminoma; and (V) choriocarcinoma, 
pure or with either seminoma or embryonal car-
cinoma or both.

The classification proposed by Dixon and 
Moore [16] was modified several times over the 
last 60 some years [17–19], resulting in a clini-
cally useful approach combined with an easily 
reproducible microscopic subdivision of testic-
ular tumors. The 2004 classification sponsored 
by the World Health Organization [WHO] and 
recommended by the panel of WHO experts for 
general use has been further disseminated in the 
widely circulated in the AFIP series of atlases 
of pathology [19]. Even though this classifica-
tion is primarily based on microscopic mor-
phology of tumors [Table 1.1], it correlates well 
with the clinical requirements for subdividing 
testicular germ cell tumors into two major 
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Interstitial
cell

tumor
1 % Seminoma

35 %

Embryonal
carcinoma

19 %

Teratocarcinoma
35 %

Teratoma

7 %

Miscellaneous 3 %

Fig. 1.1 The relative inci-
dence of testicular tumors 
in the study of Friedman 
and Moore [11] 
(Reproduced with permis-
sion of the publisher)

Chorioepithelioma

Teratoma

Seminoma

Embryonal
carcinoma

Fig. 1.2 Schematic drawing illustrating the developmental potential of embryonal carcinoma according to Friedman 
and Moore [11] (Reproduced with the permission of the publisher)

groups: seminomas and nonseminomas, also 
known as  nonseminomatous germ cell tumors 
[NSGCT]. It also incorporates some of the 
basic histogenetic tenets and discoveries that 

were made over the years since the WWII. For 
epidemiologic research, for international stud-
ies, and for billing purposes, the International 
Classification of Diseases has produced its 
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ICD-10 listing of testicular tumors, which is for 
completeness’ sake included as Table 1.2.1

The limitations of space do not allow me to 
enumerate all the major figures who have played 
a critical role in advancing our knowledge about 
germ cell tumors during the last few decades. 
Thus, by necessity I will mention only five 
physician- scientists, realizing that this is a rather 
subjective choice, with a strong personal bias. 
Nevertheless, I feel that I would be remiss for not 
mentioning the comparative studies of Gunnar 
Teilum, which led to the better understanding of 
the similarities between ovarian and testicular 
germ cell tumors and the recognition of yolk sac 
carcinoma as a distinct entity [20]. Robert 
E. Scully was a true giant of urogenital and gyne-
cologic pathology, whose contributions were 
recently lovingly reviewed by Oliva and Young 
[21–23]. His contributions are too many to list, 
but in essence his work over half a century helped 
us all to conceptualize and delineate some of the 
basic aspects of testicular and ovarian pathology. 
F. K. Mostofi was instrumental in defining the 
basic approaches to classifying testicular and 
other urogenital tumors promoting worldwide 

1 The latest 2016 WHO classification is commented in 
Chap. 3 [Eds].

discussions under the aegis of the WHO [17, 24, 
25]. The astute observations and persistence of 
Niels E. Skakkebæk led to the recognition of 
intratubular germ cell neoplasia [26]. G. Barry 
Pierce, my mentor and longtime friend, per-
formed some of the fundamental experiments on 
mouse germ cell tumors and provided a new 

Tumors of germ cell origin

Germ cell

Tumor of totipotential cells

Embryonal carcinoma

Cytotropho-
blastoma

Ectoderm

Mesoderm

Entoderm

TeratomaChoriocarcinoma

Seminoma

Fig. 1.3 Histogenesis of testicular tumors according to 
Dixon and Moore [16] (Reproduce with the permission of 
the publisher)

Table 1.1 WHO 2004-based classification of testicular 
germ cell tumors

Testicular germ cell tumors

Precursor lesions

Intratubular germ cell neoplasia, unclassified

Intratubular germ cell neoplasia, specific types

Germ cell tumors of one histologic type

Seminoma

Spermatocytic seminoma

Embryonal carcinoma

Yolk sac tumor

Trophoblastic tumors

Teratoma

Germ cell tumors of more than one histologic type

Mixed germ cell tumors

Polyembryoma

Diffuse embryoma

Regressed (“burnt-out”) germ cell tumors

Germ cell sex cord-stromal tumors

Gonadoblastoma

Unclassified

Abbreviated and slightly modified from Ulbright and 
Young [19]

Table 1.2 Classification of testicular germ cell tumors

2014 ICD-10-CM diagnosis code C62.90

Malignant neoplasm of testis NOS

Cancer of the testis

  Cancer of the testis, choriocarcinoma

  Cancer of the testis, nonseminomatous germ cell

  Cancer of the testis, seminoma

  Choriocarcinoma of testis

  Mixed germ cell tumor of testis

  Nonseminomatous germ cell neoplasm of testis

  Primary malignant neoplasm of testis

  Seminoma of testis

  Testicular cancer

  Testis, mixed germ cell tumor

According to the International Coding of Diseases (ICD) 
http://www.icd10data.com/
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insight into the basic biology of human germ cell 
tumor based on sound scientific principles [13].

1.3  Classification of Ovarian 
Germ Cell Tumors

Ovarian germ cell tumors are basically equiva-
lent to those originating from male germ cells. 
Yet there are some important biological and clini-
cal differences between these two groups of 
tumors [27–29]. For example, in contrast to the 
malignant nature of the vast majority of testicular 
tumors, most ovarian tumors are benign, present-
ing clinically as mature teratomas.

Experimental data obtained in mice indicate 
that ovarian teratomas are formed from partheno-
genetically activated ovarian germ cells [30]. 
Human parthenotes isolated from the ovaries can 
rise to embryonic stem cells [31], and thus by 
extrapolation, one can assume that these cells 
could give rise to teratomas and other germ cell 
tumors as well.

The histogenesis of teratoma can be readily 
explained by parthenogenetic activation of ovar-
ian germ cells. The histogenesis of malignant 
ovarian germ cell tumors is a bit more compli-
cated, and several histogenetic schemes have 
been proposed, as reviewed by J. Prat in the 
monograph which he has edited with G. Mutter 
[31]. Despite many attempts to modify our 
understanding of malignant ovarian germ cell, 
histogenesis is still incomplete. The panel of 
experts of WHO has thus decided to base the lat-
est WHO classification of malignant germ cell 
tumors on the most popular model of histogene-
sis of these tumors dating back to the work of 
Teilum [20]. According to this scheme, the 
malignant germ cell can form either dysgermi-
noma or embryonal carcinomas, which in turn 
could give rise to choriocarcinoma, yolk sac car-
cinoma, or teratoid tumors. In the expanded his-
togenetic algorithm presented here (Fig. 1.4), we 
propose that the tumor formation depends in all 
cases on parthenogenetic activation of the ovar-
ian germ cells [ova], which may give rise as such 
to benign tumors, i.e., teratomas. Alternatively, 
if the germ cells undergo malignant transforma-

tion, they may give rise to dysgerminoma or 
form embryonal carcinoma cells. EC cells may 
form either a monotypic tumor-embryonal carci-
noma or by differentiating into somatic and ext-
rasomatic cells and tissues form the malignant 
stem cells of a malignant mixed germ cell tumor. 
Even monotypic EC tumors contain syncytiotro-
phoblastic cells, which may be present in most 
of such tumors. EC cells can sometimes differ-
entiate into yolk sac or choriocarcinoma cells, 
which as such may form tumors of the same 
name, overgrowing the EC component, which 
may be hard to find. Alternatively, EC cells may 
remain part of the mixed germ cell tumors which 
in such cases will contain several other distinct 
components: EC cells, teratomatous tissues, 
yolk sac tumor, and choriocarcinoma, or various 
combinations of these elements. There is also 
some evidence that dysgerminomas may give 
rise to embryonal carcinoma, but there is no 
doubt that they can be part of mixed germ cell 
tumors. An abbreviated most recent classifica-
tion of all these ovarian germ cell tumors is pre-
sented in Table 1.3.

1.4  Definitions and Terminology 
of Testicular and Ovarian 
Germ Cell Tumors

For the sake of consistency and uniformity, most 
if not all definitions listed here were taken with 
slight modifications from the publications of the 
World Health Organization [18, 28], the fascicles 
of the Armed Forces Institute of Pathology [19, 
27], and the recent textbook of pathology of the 
female reproductive tract [29]. These terms are 
listed following the order of their appearance in 
Tables 1.1, 1.2, and 1.3. Equivalent tumors aris-
ing in the testis as well as in the ovary are usually 
discussed under the same heading unless indi-
cated otherwise.

Intratubular germ cell neoplasia, unclassi-
fied, is a preinvasive form of most testicular 
germ cell tumors, composed of malignant germ 
cells, which appear enlarged, which have a cen-
trally located “boxy” nucleus surrounded by 
clear cytoplasm. Originally, it was named carci-

1 Germ Cell Tumors: Classifications, Definitions, and Terminology
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noma in situ [CIS] by Skakkebaek who observed 
the atypical cells in the testicular biopsies of two 
infertile Danish men [32, 33]. Skakkebaek was 
the first to suggest that these cells are precursors 
of invasive germ cell tumors. Subsequently, CIS 
was replaced in 1980 by a more acceptable name 
intratubular germ cell neoplasia, unclassified 
[ICGNU], as it currently appears in the 2004 
WHO classification [18, 19]. In the latest 2016 
WHO classification it has been renamed and it 
has been listed as germ cell neoplasia in situ. An 

equivalent preinvasive malignancy has not been 
identified in the ovary.

Seminoma is a malignant germ cell tumor 
composed of uniform, round to polygonal cells 
measuring on average 15–25 μm in diameter, 
containing an enlarged vesicular nucleus with 
one or two nucleoli. Each cell has a 
 well- developed, mostly clear, glycogen-filled 
cytoplasm with well-defined borders. Tumor 
cells are arranged into sheets, usually subdi-
vided into smaller nests by fibrous septa, infil-

Ovarian
germ cell

Malignant
transformation

• Carcinoma
• Sarcoma

Mixed germ cell
tumor

ChoriocarcinomaYolk sac
tumor

Embryonal
carcinoma

Secondary
malignancy

Malignant
transformation

Malignant
transformation

Teratoma Embryonic cells Dysgerminoma

Parthenogenitic
activation

Fig. 1.4 Hypothetical histogenesis of ovarian germ cell 
tumors, based on the original concepts of Gunnar Teilum 
[20]. The key processes in the formation of various germ cell 

tumors, such as parthenogenetic activation of the oocytes, 
and the malignant transformation of their descendants 
(marked in red) remain still incompletely understood

I. Damjanov
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trated by lymphocytes. The tumor was named 
séminome by the French surgeon-urologist 
Maurice-Auguste Chevassu in his book Tumeurs 
du testicule, Paris: G. Steinheil, 1906 [34]. Bell 
[35] introduced later on the term spermatocy-
toma, but it did not gain much popularity. Other 
synonyms used historically for this tumor are 
embryoma, embryonal carcinoma with lym-
phoid stroma, large cell carcinoma testis, and 
germinoma. Several histologic variants of semi-
noma have been described but such morpho-
logic subtyping is of limited clinical significance. 
Seminoma can be admixed to other components 
of mixed germ cell tumors. Seminomas can 
occur in extragonadal sites. Morphologically, 
testicular seminomas are equivalent to ovarian 
dysgerminomas or germinomas of the mediasti-
num, pineal region, and other midline locations.

Spermatocytic seminoma is a germ cell tumor 
composed of three cell types [small, intermediate, 
and large to giant] ranging in size from 6 to 
100 μm. Tumor cells grow in a diffuse or edema-
tously nodular manner forming sheets that lack 

fibrous septa and lymphocytic infiltrates of classi-
cal seminoma. The tumor was first recognized by 
Pierre Masson [36], who separated “le séminome 
spermatocytaire” from the classical seminoma. In 
the latest edition of the WHO classification is was 
renamed and it is listed as spermatocytic tumor. 
Most spermatocytic seminomas have an indolent 
clinical course [18], but some can undergo sarco-
matous transformation [37]. Spermatocytic semi-
nomas do not occur outside of the testis.

Embryonal carcinoma is a malignant germ cell 
tumor composed of undifferentiated anaplastic epi-
thelial cells with scant to well-developed cytoplasm 
and indistinct cell borders. Tumor cells grow in sev-
eral patterns such as solid, papillary/tubular, or 
gland-like. EC cells may form the entire tumor, 
which is then classified as embryonal carcinoma 
composed of a one single cell type. In the British 
classification of testicular germ cell tumors, the 
term malignant teratoma, undifferentiated [MTU], 
is used as a synonym for embryonal carcinoma 
[38]. EC cells can also differentiate into somatic 
embryonic and also extraembryonic tissues (yolk 
sac and trophoblastic elements) and thus form 
mixed germ cell tumors. In these mixed germ cell 
tumors, embryonal carcinoma cells act as the rap-
idly proliferating malignant stem cells. EC cells 
account for the malignant nature of the tumor and 
its metastatic potential. Pure embryonal carcinoma 
is a rare tumor of the ovary, but it may be admixed 
to other germ cell tumoral elements and form the 
mixed germ cell tumors of the ovary. EC cells are 
the malignant equivalent of human embryonic stem 
cells (ESC) isolated from early human embryos 
[39]. Equivalent malignant stem cells have been 
isolated from murine teratocarcinomas [14].

Yolk sac tumor is a malignant germ cell neo-
plasm composed of cells and structures reminis-
cent of embryonic/fetal yolk sac, allantois, and 
extraembryonic mesenchyme. It is also known as 
primitive endodermal tumor and yolk sac carci-
noma [41]. Older names such as endodermal 
sinus tumor or mesoblastoma vitellinum 
 introduced by Gunnar Teilum [20, 40] or previ-
ous terms such as orchioblastoma and adenocar-
cinoma of the infant testis, polyvesicular vitelline 
tumor, extraembryonic mesoblastoma, malignant 
endothelioma of perithelioma type, and several 

Table 1.3 WHO 2014 histologic classification of ovarian 
germ cell tumors

Dysgerminoma

Yolk sac tumor (primitive endodermal tumor)

Embryonal carcinoma

Polyembryoma

Non-gestational choriocarcinoma

Teratomas

  Immature

  Mature

   Solid

   Cystic

   With secondary tumor

  Monodermal

   Struma ovarii

   Carcinoid tumor

   Neuroectodermal tumors

   Sebaceous tumors

Mixed germ cell tumors

Gonadoblastoma

  With mixed germ cell tumor

Mixed germ cell sex cord-stromal tumor

Abbreviated and slightly modified from Mutter and Prat 
[29]

1 Germ Cell Tumors: Classifications, Definitions, and Terminology
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others have been more or less abandoned [41]. 
Yolk sac tumors of the prepubertal type occur in 
the testis of infants. In adults yolk sac elements 
are rarely forming a pure yolk sac tumor and are 
more often part of mixed germ cells tumors of the 
testis. Pure malignant yolk sac tumors occur as 
such in the ovary or admixed to the mixed germ 
cell tumors of the ovary [28, 29, 41].

Choriocarcinoma is a highly malignant tumor 
composed of syncytiotrophoblastic and mononu-
clear cytotrophoblastic cells. Other synonyms are 
chorionepithelioma, chorioma, chorioteratoblas-
toma, carcinoma syncytial, and trophoblastic 
carcinoma. In the British classification, chorio-
carcinoma is called malignant teratoma tropho-
blastic [MTT] [38]. Pure choriocarcinomas are 
extremely rare tumors. Choriocarcinoma elements 
may be found in testicular mixed germ cell tumors 
and their metastases. Equivalent tumors occur in 
the ovary and the extragonadal sites as well. 
Ovarian tumors are labeled as non- gestational 
choriocarcinomas to be distinguished from malig-
nant tumors originating from the placenta.

Teratoma is a germ cell tumor composed of 
somatic tissues derived from all three embryonic 
germ layers, i.e., ectoderm, endoderm, and meso-
derm. Monodermal teratomas are composed of 
derivatives of only one germ layer. In the testis 
teratomas may occur in a pure form, typically in 
infancy and childhood, or as part of mixed germ 
cell tumors, which are typically found in postpu-
bertal persons. In general, the prepubertal testicu-
lar teratomas are benign, in contrast to those in 
postpubertal tumors which are malignant. Pure 
teratomas of the ovary are the most common 
germ cell tumor in that organ. They are also 
called dermoid cysts, which is not entirely cor-
rect because most of them contain not only skin 
and skin appendages but other tissues as well. 
Teratomas of the ovary may be further divided 
into cystic and solid tumors and mature and 
immature teratomas. Benign mature teratomas 
may undergo malignant transformation and give 
rise to various somatic type malignant tumors, 
such as carcinoma or sarcomas. Monodermal 
teratomas of the ovary may present as struma 
ovarii, carcinoid tumor, neuroectodermal tumor, 
or sebaceous tumor.

Mixed germ cell tumors are malignant germ 
cell tumors which contain more than one germ 
cell tumor component. Most of these tumors 
contain embryonal carcinoma cells which serve 
as their malignant stem cells. The four most 
common combinations within testicular germ 
cell tumors are as follows: (1) embryonal carci-
noma and teratoma; (2) embryonal carcinoma 
and seminoma; (3) embryonal carcinoma, tera-
toma, and yolk sac tumor; and (4) embryonal 
carcinoma, teratoma, and choriocarcinoma. In 
the original classification of Friedman and 
Moore [11], such mixed germ cell tumors were 
mostly classified as teratocarcinomas, but that 
term has not been used recently in human clini-
cal pathology.

Mouse teratocarcinomas are composed of 
embryonal carcinoma cells which serve as their 
stem cells and various somatic tissues. These 
tumors may also contain yolk sac components 
but only exceptionally trophoblastic elements. 
Experimental murine teratocarcinomas have 
been used extensively as laboratory equiva-
lents of human mixed germ cell tumors of the 
testis [14].

Polyembryoma is a rare variant of mixed germ 
cell tumors composed of embryonal carcinoma 
and yolk sac tumor cells and usually teratoma. 
Embryonal carcinoma cells and yolk sac compo-
nents form embryoid bodies resembling preso-
mitic human embryos.

Diffuse embryoma is a rare malignant tumor 
composed of embryonal carcinoma and yolk sac 
tumor components arranged in form of numerous 
embryoid bodies.

Gonadoblastoma is a mixed germ cell tumor 
composed of germ cells resembling seminoma or 
dysgerminoma and sex cord-stromal cells resem-
bling immature granulosa or Sertoli cells [27]. 
These tumors typically develop in dysgenetic 
gonads in individuals who have a Y chromo-
some. Invasive germ cell tumors developing from 
gonadoblastomas are most often diagnosed as 
germinoma [seminoma or dysgerminoma], but in 
a few instances, the tumors which developed 
from gonadoblastoma were histologically classi-
fied as embryonal carcinoma or yolk sac tumor or 
teratoma [28].

I. Damjanov
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The Epidemiology of Malignant 
Germ Cell Tumors: The EUROCARE 
Study

Annalisa Trama and Franco Berrino

2.1  Introduction

Germ cell tumors (GCTs) comprise a heteroge-
neous group of tumors in terms of histology, age 
at diagnosis, anatomical site and prognosis. Here 
we describe the epidemiology of GCT on the 
basis of data from European population-based 
cancer registries (CRs) analysed in the frame-
work of the EUROCARE (European Cancer 
Registry- based study on survival and care of can-
cer patients) project, which has monitored cancer 
patients’ survival since 1978 (www.eurocare.it).

2.2  Materials

We have chosen to use the EUROCARE data 
because, even if CRs collect data on the basis of 
the International Classification of Diseases for 
Oncology (ICD-O3) [1] which includes morphol-
ogy and topography, cancer statistics are usually 
provided for broad cancer categories, based on 
the anatomic site of the malignancies. Thus, the 
current statistics do not provide specific informa-
tion of germ cell tumors. We have used the mor-

phology and topography data collected by 
different CRs and analysed by EUROCARE to 
describe the epidemiology of GCT in Europe. 
EUROCARE includes only overt malignant 
tumors, while in situ tumors are requested only 
for screening-target cancers (breast, cervix, 
colon-rectum and skin melanoma) and benign 
tumors are collected only for central nervous sys-
tem and urinary bladder. The International 
Agency for Research on Cancer (IARC) pro-
vides, for selected cancers, the age-standardised 
incidence rates of microscopically verified cases 
by histological type and by gender in Cancer 
Incidence in 5 Continents (CI5X) [2]. Since 
information on GCT was only available for testis 
and ovary, in this chapter, we have used CI5X [2] 
data to analyse testicular and ovarian GCT out-
side Europe.

EUROCARE is the widest collaborative 
research project on cancer survival attempted in 
Europe. The project started in 1989, and the fifth 
edition, EUROCARE-5, includes data on more 
than 21 million cancer diagnoses provided by 
116 CRs in 30 European countries (www.euro-
care.it). The data analysed in this chapter are 
from EUROCARE-5 and consequently included 
only malignant tumors. CRs cover the whole 
national population in European countries such 
as Austria, Bulgaria, Croatia, Czech Republic, 
Estonia, Ireland, Latvia, Lithuania, Malta, 
Finland, Iceland, Norway, Sweden, Slovakia, 
Slovenia, the Netherlands and the UK, while in 
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others CRs cover only one or several regions [3]. 
In 2000–2007 (the study period of 
EUROCARE-5), 54,000 GCTs were registered in 
the countries included in the incident analyses 
(Table 2.1). Table 2.1 shows the number of GCT 
cases contributed by the different countries. 
Please note that the differences by country might 
be due to the different CR coverage (national vs 
regional) and to the different incidence years that 
CR have contributed. Not all included the full 
period 2000–2007.

GCTs include different histological sub-
types, internationally grouped as seminomas 
and non- seminomas. Throughout this chapter, 
the generic term seminoma and non-seminoma 
will be used. Seminoma, dysgerminoma and 
germinoma are histopathologic equivalent terms 
for a neoplasm of identical morphology in tes-
tis, ovary and extragonadal locations. Seminoma 
includes all seminoma histological types (ICD-
O3 codes 9060–9064); non-seminomas in their 
turn include embryonal carcinoma (ICD-O3 
codes 9070, 9072), yolk sac tumor (ICD-O3 
code 9071), choriocarcinoma (ICD-O3 codes 
9100, 9102), teratoma (ICD-O3 codes 
9080,9082,9083), mixed germ cell tumors 
(ICD-O3 codes 9081,9085,9101), malignant 
struma ovarii (ICD- O3 code 9090), cystic tera-
toma with somatic malignant transformation 
(ICD-O3 code 9084) and other non-seminoma-
tous germ cell tumors (ICD-O3 codes 9065). 
Spermatocytic tumor, an exclusively testicular 
neoplasm, is clinically and pathologically dis-
tinct from classic seminoma; thus data are pro-
vided separately for this specific type.

2.3  Incidence

The crude and age-adjusted (European standard 
population) incidence rates of GCT in Europe 
were both equal to 34/1.000.000 with marked 
differences between male (64/1.000.000) and 
female (4/1.000.000). In the USA, the inci-
dence rate was 56/1.000.000 in white males 
contrasting with 3.2/1.000.000 in white 
females, over a period of more than 30 years 
from 1973 to 2007 [4]. In the same country, the 
incidence in black males was much lower 
(10/1.000.000), due to a lower incidence of 
seminomas, while no difference was reported 
between white and black females [4]. More 
than 90 % of testicular tumors were indeed 
GCT. Figure 2.1 shows incidence of testicular 
cancer across different continents in 2012. 
White males living in Western industrialised 
countries, particularly in Northern and Western 
Europe, showed the highest incidence rates of 
testicular tumors (12/100.000 in Denmark, 

Table 2.1 Cancer registration coverage in EUROCARE-5 
and the number of germ cell tumor cases registered in the 
countries included to the incident analyses

Proportion of 
population covered by 
cancer registries 
included in 
EUROCARE-5 (%)a

Number of 
germ cell 
tumor cases 
registered in 
2000–2007

Austria 100 2.610

Belgium 
(Flanders)

58 1.215

Bulgaria 100 1.457

Croatia 100 900

Czech 
Republic

100 3.491

Estonia 100 190

Finland 100 944

France 23 1.213

Germany 23 6.950

Iceland 100 79

Ireland 100 1.210

Italy 35 3.450

Latvia 100 267

Lithuania 100 268

Malta 100 76

Norway 100 2.185

Poland 13 904

Portugal 76 698

Slovakia 100 1.683

Slovenia 100 812

Spain 17 778

Switzerland 30 923

The 
Netherlands

100 5.078

UK 100 16.626

Total 54.007
aCancer registration is continuously improving since 
EUROCARE-5
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Norway and Switzerland), whereas black males 
in Africa showed the lowest (<0.5/100.000 in 
the majority of African countries). In Australia 
and New Zealand, the incidence was 7/100.000. 
In North America (USA and Canada), it was 
5/100,000; in South and Central America, it 
was 2/100.000 with differences among coun-
tries (Chile 7/100.000, Uruguay 6/100.000, 
Argentina and Costa Rica 5/100.000, Mexico 
and Colombia 3/100.000, Brazil 2/100.000 and 
remaining countries <1/100.000). In Japan, the 
incidence was 2/100.000; in South, Eastern and 
Central Asia, it was <1/100.000, being higher 
in Western Asia, 1.7/100.000, with regional 
countries (5/100.000 in Israel, 3/100.000 in 
Georgia and <1 in Oman, Qatar, Iraq and 
Azerbaijan). In China, the incidence was 
0.5/100.000 [5].

Incidence of malignant ovarian GCT was low 
in all continents: ≤0.9/100.000 in Japan, 
≤0.7/100.000 in Central and South America and 
in China, ≤0.5/100.000 in Australia and Asia, 
0.4/100.000 in Canada and <0.4/100.000 in 
Africa except Malawi where the incidence was 
1.3/100.000 [2].

Gonadal GCT (GGCT) Most GCTs arise in the 
gonads. The incidence in Europe is 33/1.000.000 
being substantially higher in males than in females 
(62/1.000.000 vs 2.5/1.000.000, respectively). 
Histologic differences are observed between both 
genders: in males, seminomas are more common 
than non-seminomas, contrary to women who 
have more non-seminomas than seminomas 
(Table 2.2). In males, non- seminomas are mixed 
germ cell tumors, embryonal carcinoma and tera-
toma, while in females they are (immature) terato-
mas and yolk sac tumors (Table 2.2). In males, 
spermatocytic tumor is very unusual (Table 2.2).

Testicular GCTs have an early incidence peak 
in the age group 0–4 years followed by a second 
peak in adolescents and young adults (15–19 and 
25–29 and 30–34 years) (Fig. 2.2). The first peak 
is due to non-seminomas (incidence 1.5/1.000.000 
vs 0.07/1.000.000 of seminomas) and mainly due 
to yolk sac tumour and teratoma, which have an 
incidence of 1/1.000.000 and 0.3/1.000.000, 
respectively.

Non-seminomas are more common than semi-
nomas until the age of 30 years; however, the his-
tologic types of those between 15 and 30 years 

Testicular cancer
4.3+

1.3-4.3
0.51-1.3

0.30-0.51
<0.30
No Data

Source: GLOBOCAN 2012(IARC)

Incidence ASR

Male

Fig. 2.1 Testicular cancer age-standardised (world) incidence rate per 100.000 (Source http://globocan.iarc.fr/Pages/
fact_sheets_cancer.aspx)
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Fig. 2.2 (EUROCARE) Testicular germ cell tumor incidence per 1.000.000 by age group overall (a) and by age group 
and histology (b)

Table 2.2 (EUROCARE) Gonadal germ cell tumors incidence rate per million, in Europe by histological type, and sex 
(age adjusted) with 95 % confidence interval (CI)

Male Female

Rate 95 % CI Rate 95 % CI

Germ cell tumors 62.1 61.6 62.7 2.5 2.4 2.7

Seminomas 36.9 36.4 37.3 0.9 0.8 1.0

Spermatocytic tumor 0.6 0.6 0.7 – – –

Non-seminomas 25.3 24.9 25.6 1.7 1.6 1.8

Embryonal carcinoma 6.8 6.7 7.0 0.1 0.0 0.1

Yolk sac tumor 1.3 1.2 1.3 0.4 0.4 0.5

Choriocarcinoma 0.4 0.4 0.5 >0.1 0.0 0.1

Teratoma 5.6 5.4 5.8 0.8 0.7 0.9

Mixed germ cell tumors 10.6 10.4 10.9 0.2 0.2 0.2

Struma ovarii, malignant 0.0 0.0 0.0 0.1 0.0 0.1

Cystic teratoma with somatic 
malignant transformation

0.0 0.0 0.0 0.1 0.1 0.2

A. Trama and F. Berrino
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are mainly embryonal carcinoma and mixed 
germ cell tumors and only to a lower extent tera-
toma and yolk sac tumor.

After the age of 30, seminomas are predomi-
nant. Overall, seminomas presented an inci-
dence peak 10 years later than non-seminomas 
(Fig. 2.2).

Ovarian GCTs have a small peak in children 
under 5 years and a clear peak in the 15–19-year 
age group (Fig. 2.3). These results are coherent 
with those reported in the USA [4]. Both semino-
mas and non-seminomas have a peak at 15 to 
19 years; non-seminomas are more common than 

seminomas in almost all age groups and in par-
ticular in young females (>25 years) (Fig. 2.3). 
Yolk sac tumour and teratoma represent the most 
common histologic types in the 0–4-year age 
group; teratoma incidence increases with age, 
and it is the most common type in all age groups 
as from 5 years old.

Extragonadal Germ Cell Tumors (EGGCTs)  
Only 4 % of all GCTs were extragonadal and arose 
mainly in midline locations such as the central ner-
vous system (CNS), the mediastinum and the pel-
vis. Gonadal GCTs were mainly seminomas (59 % 
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Fig. 2.3 (EUROCARE) Ovarian germ cell tumors incidence per 1.000.000 by age group overall (a) and by age group 
and histologies (b)
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seminomas vs 41 % non- seminomas), while 62 % 
of EGGCT were non- seminomas vs 38 % semino-
mas. No significant differences in the EGGCT inci-
dence were observed between males and females.

Among males, the most frequent extragonadal 
sites, in decreasing order, were the CNS, medias-
tinum and thorax and abdomen and pelvis, while 
in females locations were the abdomen and pel-
vis, CNS and mediastinum and thorax. In both 
sexes, EGGCTs of the brain were mainly semi-
nomas, while in females, non-seminomas were 
predominant in other sites, especially in the pel-
vis and abdomen (Table 2.3).

In males, the proportion of EGGCT was lower 
(3 %) than in females (32 %); in males, the pro-
portion of EGGCT was highest in the 5–14-year 
age group, while in females, it peaked in the 0–4- 
year age group (Fig. 2.4).

The EGGCT had an early incidence peak in 
children of less than 5 years; the incidence 
increased from 5 to 20 years and started to decline 
again in the older age groups (age older than 30). 
The first peak was due to GCT of the abdomen and 
pelvis. The second peak corresponded to GCT of 
the mediastinum and of the abdomen and pelvis. 
GCTs of the CNS were the most common in chil-
dren older than 5 years old and in adolescents from 
15 to 19 years (Fig. 2.5). In the extragonadal sites, 
the age distribution was similar for seminomas and 
non-seminomas. The age incidence pattern was 
similar for males and females. Teratoma was the 
most common non- seminomatous histological 
type among the extragonadal sites.

2.4  Incidence Trends of Gonadal 
and Extragonadal Germ Cell 
Tumors

In the period 1996–2007, there was a statistically 
significant increase in the incidence of GGCT 
from 28.6/1.000.000 (95 % confidence interval 
(CI) 27.2–28.9) to 35.5/ 1.000.000 (95 % CI 
34.5–36.5) overall and for both seminomas and 
non-seminomas (Table 2.4).

Several groups of investigators have reported 
an increasing incidence of testicular cancer over 
the last 20 years [4, 6–8]. A recent CR study from 
the USA revealed a significant increase in the 
incidence of testicular GCT in both white and 
black males in the period 1973–2007. 
Nonetheless, the incidence was much higher 
among whites. Because of small sample, other 
ethnic origins were excluded from the study [4]. 
In Finland, the incidence rates of several histo-
logical subtypes of testicular GCT have increased 
over the last four decades, particularly from 1990 
onwards; yet the increasing trend was only seen 
in men aged 15–44 years [7]. In Germany, the 
annual incidence rate of testicular GCT increased 
over the entire period (1998–2008) with semino-
mas accounting for the majority of the increase 
[5]. Similar results were reported for the UK for 
the period 1979–2003 [8]. Our EUROCARE 
analyses (Table 2.4) are in line with these previ-
ous studies.

In comparison with testicular GCT, the overall 
incidence trends of ovarian GCT differed. In 
Finland, even if a significant increase in the inci-

Table 2.3 (EUROCARE) Incidence rate of germ cell tumors per 1.000.000 by sex (age adjusted), extragonadal sites 
and histological types with standard error (SE)

Male Female

All Seminomas
Non- 
seminomas All Seminomas

Non- 
seminomas

Rate SE Rate SE Rate SE Rate SE Rate SE Rate SE

Extragonadal 
GCTs

1.81 0.05 0.90 0.03 0.91 0.04 1.19 0.04 0.22 0.02 0.97 0.04

Central nervous 
system

0.62 0.03 0.51 0.03 0.12 0.01 0.18 0.02 0.14 0.01 0.03 0.01

Mediastinum 
and thorax

0.51 0.03 0.21 0.02 0.30 0.02 0.07 0.01 0.01 > 0.01 0.05 0.01

Abdomen and 
pelvis

0.38 0.02 0.10 0.01 0.27 0.02 0.79 0.03 0.03 0.01 0.76 0.03

A. Trama and F. Berrino
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dence of ovarian non-seminomas occurred in the 
age group of 15–44 years between the first and 
the last study decade (1969–2008), it remained 
stable during the last three decades. Similarly, a 
study on ovarian cancer incidence by histological 
type carried out in Osaka, Japan, in 1975–1998 
[9] reported that the incidence of ovarian GCT 
also remained stable. In the UK, the incidence of 
ovarian GCT increased from 1979 to 2003, due to 
a higher frequency of non-seminomas between 
the period of time 1980–2000, and in the age 
group of 10–49 years. However, in the last 
decade, the incidence has remained stable [8]. In 
Germany, the incidence of GGCT stayed con-
stant over the period 1998–2008 [6]. In contrast, 
in the USA, a study covering more than 1200 
cases of malignant ovarian GCT concluded that 
incidence rates have declined over the last 

30 years, with the decrease being confined (nearly 
30 %) to non-seminomas [10]. Similarly, a more 
recent study carried out in the USA demonstrated 
a slight decrease in the incidence of ovarian GCT 
in both black and white women [4]. We have 
observed a minor non-significant decline of both 
seminomas and non-seminomas. Thus, the inci-
dence of ovarian GCT in industrialised countries 
has not been shown to have increased along with 
testicular GCT.

Arora et al. [8], taking into account similari-
ties between the shapes of age-incidence curves 
of GCT and the variation in peak incidence and 
longitudinal trends by site, hypothesised about a 
common GCT initiation event in the embryonal 
period followed by a progression of  tumorigenesis 
conditioned by site-specific events during the 
foetal and/or postnatal period.
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Table 2.4 Gonadal germ cell tumors (GGCTs) per 1.000.000 and age-adjusted incidence (95 % confidence interval), 
EUROCARE 1996–2007 with average percent change (APC)

Years

GCTs of testis GCTs of ovary

All Seminomas Non-seminomas All Seminomas Non-seminomas

1996 26.74 
(25.9–27.6)

15.64 
(15.0–16.3)

11.09 
(10.6–11.6)

1.32 
(1.2–1.5)

0.44 (0.3–0.6) 0.88 (0.7–1.0)

1997 27.49 
(26.7–28.3)

15.97 
(15.4–16.6)

11.52 
(11.0–12.1)

1.44 
(1.3–1.6)

0.46 (0.4–0.6) 0.98 (0.8–1.2)

1998 28.75 
(27.9–29.6)

16.90 
(16.3–17.5)

11.85 
(11.3–12.4)

1.39 
(1.2–1.6)

0.44 (0.3–0.6) 0.96 (0.8–1.1)

1999 29.73 
(28.9–30.6)

17.52 
(16.9–18.2)

12.21 
(11.7–12.8)

1.35 
(1.2–1.6)

0.42 (0.3–0.5) 0.93 (0.8–1.1)

2000 29.86 
(29.0–30.7)

17.87 
(17.2–18.5)

11.99 
(11.5–12.6)

1.40 
(1.2–1.6)

0.48 (0.4–0.6) 0.92 (0.8–1.1)

2001 30.88 
(30.0–31.8)

18.50 
(17.8–19.2)

12.39 
(11.8–13.0)

1.24 
(1.1–1.4)

0.39 (0.3–0.5) 0.84 (0.7–1.0)

2002 30.59 
(29.7–31.5)

17.99 
(17.3–18.7)

12.60 
(12.1–13.2)

1.47 
(1.3–1.7)

0.41 (0.3–0.5) 1.05 (0.9–1.2)

2003 31.24 
(30.4–32.1)

18.19 
(17.5–18.9)

13.05 
(12.5–13.6)

1.28 
(1.1–1.5)

0.49 (0.4–0.6) 0.80 (0.7–1.0)

2004 32.04 
(31.2–32.9)

18.78 
(18.1–19.5)

13.25 
(12.7–13.8)

1.30 
(1.1–1.5)

0.45 (0.4–0.6) 0.85 (0.7–1.0)

2005 33.79 
(32.9–34.7)

19.62 
(18.9–20.3)

14.17 
(13.6–14.8)

1.30 
(1.1–1.5)

0.37 (0.3–0.5) 0.92 (0.8–1.1)

2006 34.00 
(33.1–34.9)

20.23 
(19.5–20.9)

13.77 
(13.2–14.4)

1.28 
(1.1–1.5)

0.48 (0.4–0.6) 0.81 (0.7–1.0)

2007 34.29 
(33.4–35.3)

20.43 
(19.7–21.2)

13.86 
(13.3–14.5)

1.22 
(1.1–1.4)

0.37 (0.3–0.5) 0.85 (0.7–1.0)

APC 2.21a 2.28a 2.12a –0.9 –0.7 –1.0
aThe APC is significantly different from zero (p < 0.05)

Regarding EGGCT in the period 1996–2007, 
we found a statistically significant increase in the 
incidence of GCT of the thymus (APC 2.68) and 
uterus (an extremely rare location) (APC 1.04). 
However, the latter result should be considered 
with caution since uterine mixed mesodermal 
Mullerian tumors, which are relatively common, 
are frequently mistaken for teratomas. The inci-
dence was fairly constant for GCT of the brain 
(APC 0.46), while no changes were observed for 
GCT of the mediastinum and of 
retroperitoneum.

Similar results were observed in the UK with 
an increasing incidence of CNS GCT but not of 
those of the mediastinum, abdomen and pelvis 
[8]. In Germany, the incidence of EGGCT in 
males remained virtually constant, while among 
females, the incidence of EGGCT declined [6]. 
Similar results were observed in the USA where 

the incidence of EGGCT among white males 
remained fairly constant over the entire time 
period. The incidence of EGGCT among black 
males increased from 1973 to 1992 and then 
reached a plateau before declining in the latest 
time period; however, rates were based on small 
numbers, making the interpretation difficult. 
Among white and black females, incidence rates 
for EGGCT registered small decreases over time. 
However, the fluctuation of rates among black 
females was large, due to small numbers [4].

2.5  Survival

The 5-year relative survival for GCT was very 
good (93 %), with seminomas having better sur-
vival than non-seminomas: 95 % (95%CI 93.5–
95.6) and 90 % (95%CI 88–91), respectively. 

2 The Epidemiology of Malignant Germ Cell Tumors: The EUROCARE Study
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Among non-seminomas, the histological type 
with worst prognosis was mature cystic teratoma 
with somatic malignant transformation, although 
the survival estimate must be considered with 
caution as it was based on a limited number of 
cases (Fig. 2.6).

Gonadal GCT had better survival than 
EGGCT: 94 % (95 %CI 93.6–94.3) vs 74 % 
(95 %CI 71 %–77 %), respectively. Among 
EGGCTs, survival was good for the brain 81 % 
(95%CI 72–87), pituitary gland 96 % (95 %CI 

76–99), pineal gland 80 % (95 %CI 70–87) and 
retroperitoneum 76 % (95 %CI 65–84) and lower, 
51 % (95 %CI 43–58), for the mediastinum.

Males had better survival than females: 94 % 
(95 %CI 93.3–94) vs 84 % (95 % 82–86).

Survival decreased with increasing age with 
the worst survival observed in those older than 
40 years for both seminomas and non- seminomas. 
However, differences were observed between 
GCT of testis and ovary. For ovarian GCT, sur-
vival was 90 % before 40 years of age decreasing 
to 63 % in the 40–64-year age group and to 29 % 
in women older than 65. For testicular GCT, sur-
vival was 94 % before 40 years and 78 % after 
65+ years. These results were in line with those 
previously published [4, 11].

Interestingly, Verhoeven et al. [12] noted that in 
2003–2007, despite the improvements in the rela-
tive survival of non-seminoma patients aged 
≥50 years, survival remained markedly lower than 
the survival of seminoma patients of the same age. 
There is little room for survival improvement 
among testicular seminoma patients, especially for 
those aged <50 years. Older testicular cancer 
patients remain at increased risk of death, which 
seems mainly attributable to the lower survival of 
non- seminoma patients [12].

Table 2.5 (EUROCARE) Germ cell tumors 5-year rela-
tive survival (%) period of diagnosis by site

Relative 
survival (%) 95 % CI

Gonadal germ cell 
tumors

94.0 93.6 94.3

Testis 94.4 94.0 94.7

Ovary 83.9 81.1 86.3

Extragonadal germ cell 
tumors

74.2 71.2 76.9

Mediastinum 50.7 43.0 57.9

Retroperitoneum 76.2 64.6 84.4

Brain 81.1 72.0 87.4

Pineal gland 79.9 69.7 86.9

Pituitary gland 96.3 76.2 99.5

0 20 40 60 80 100

Cystic teratoma with somatic malignant 
transformation
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Fig. 2.6 (EUROCARE) Germ cell tumors 5-year relative survival (period 2000–2007) by histotype. Error bars are 
95 % confidence interval
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According to the RARECARE [13] definition 
of rare cancers (incidence <6/100,000), GCTs 
with an incidence of 34/1.000.000 are rare can-
cers in Europe. However, germ cell cancer inci-
dence varies considerably in different geographical 
areas. GCTs include seminomas and non-semino-
mas and arise mainly in the gonads. However, 
GCT can be diagnosed also in the CNS, mediasti-
num, thorax, abdomen and  pelvis. The distribu-
tion of seminomas and non- seminomas differs by 
sex and by site of origin. Overall, GCTs are typi-
cal tumors of adolescents and young adults and 
are characterised by a good prognosis, especially 
gonadal GCT. The incidence is stable except for 
testicular GCT (Table 2.5).
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Germ Cell Tumors 
from a Developmental 
Perspective: Cells of Origin, 
Pathogenesis, and Molecular 
Biology (Emerging Patterns)

J. Wolter Oosterhuis and Leendert H.J. Looijenga

3.1  Introduction

Germ cell tumors (GCT) are a seemingly hetero-
geneous family of neoplasms, whose histological 
composition likely reflects the developmental 
potential of the cells from which they are derived.

Recent discoveries on the regulation of devel-
opmental states of cells in the early embryo and 
the germline allow a deeper understanding of the 
origin and developmental potential of GCT and 
provide a biologically plausible and clinically 
relevant basis for their classification.

3.2  Developmental States 
of Early Embryonic Cells

3.2.1  Restriction 
Versus Maintaining 
Developmental Potential

Multicellular organisms develop from a single 
omnipotent cell, the zygote, through a tightly 
regulated program of restriction of pluripotency 
[1], yet for maintaining their kind, they have to 

preserve totipotency in the germ cell lineage [2]. 
For full developmental potential, the zygote of 
placental mammals needs a biparental genomic 
imprinting (GI) [3–5] and a specifically methyl-
ated intact genome with X-inactivation in female 
cells [6, 7].

Here a brief explanation of GI is appropriate; 
changes of (global) methylation in the early 
embryo and the germline will be discussed later 
in this section. GI is the phenomenon whereby in 
mammals the expression of some genes depends 
on maternal or paternal origin, due to parental- 
specific DNA methylation and histone modifica-
tion [8]. The GI cycle starts with erasure of the 
original biparental imprinting pattern of the 
zygote early in the germ lineage through replace-
ment of methylcytosine by unmethylated cyto-
sine via the base excision repair pathway [9]. 
Later, during oogenesis and spermatogenesis, 
respectively, fresh maternal and paternal imprint-
ing patterns are established by de novo methyla-
tion of the relevant targets, an estimated 100–200 
genes including noncoding RNAs, about 1 % of 
the genome [10–15] (Fig. 3.1). A variety of 
human diseases is caused by aberrations of spe-
cific imprinted genes through genetic and epigen-
etic mechanisms (for review [16]).

Only blastomeres after the first few cleavage 
divisions, up to the eight-cell stage, may have 
the full developmental potential (omnipotency) 
of the zygote [17]. In fact, in the mouse, it is lost 
beyond the two-cell stage [18]. Later, 
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 blastomeres and the embryonal stem cells (ESC) 
of the inner cell mass (ICM) and epiblast 
undergo further restriction step by step of their 
developmental potential, as stem cells are gen-
erated with commitment to developing special-
ized organs and tissues [1], including the germ 
lineage, which is specified to transfer omnipo-
tency to the next generation [2, 12]. Probably all 
cells of the ICM and the epiblast are in principle 
germline competent and thus potentially totipo-
tent/omnipotent [2, 19], although with different 
efficiency [20].

3.2.2  OCT4: Key Protein 
in Pluripotency

From studies mainly in the mouse, Oct4 (also 
known as Pouf1, Oct3, Oct4, and Otf3), a mem-
ber of the POU-domain family of octamer- 
binding transcription factors, emerges as the 
key component in the regulatory network that 
maintains pluripotency [21–24]. Although not 
indispensable for the establishment of omnipo-
tency in the zygote, it is required for maintain-
ing pluripotent states in the developing embryo 
[25]. From the two-cell stage onward [19, 23], 

after the genome of the zygote is activated, 
Oct4 is expressed in all cells through the mor-
ula stage. Later, in the preimplantation embryo, 
Oct4 is confined to the ICM and the epiblast, 
while after implantation, its expression is lim-
ited to the primitive ectoderm (Fig. 3.2). 
Simultaneously with downregulation of Oct4 in 
the primitive ectoderm during gastrulation, pri-
mordial germ cells (PGC), the stem cells of 
gametogenesis in later life, are formed, with 
continued expression of Oct4 [26] that is main-
tained in the developing germ lineage until 
entry in meiosis. Meiotic oocytes are negative 
for Oct4; in the mouse, Oct4 is reexpressed in 
oocytes of the postnatal ovary. In the mouse tes-
tis, it is only expressed in type A spermatogonia 
[27]. In the human embryo, OCT4 expression 
starts somewhat later than in the mouse, in the 
eight-cell embryo [28]. OCT4 is normally not 
expressed in the testis beyond the age of 
6 months and thus negative in spermatogonia, 
i.e., in male germ cells from mitotic arrest 
onward [29]. In contrast to the mouse, in 
humans, OCT4 is not expressed in meiotic 
germ cells both in males and females, and it 
thus remains also negative after birth in the pre- 
and postpubertal ovary [29–31]. OCT4 is 

Zygote

Sperm Oocyte

Gonad

Embryo

Primordial germ cells Somatic cells

Establishment

Erasure

Maintenance

Maintenance

Maternally imprinted genome

Paternally imprinted genome

Fig. 3.1 Cycle of 
genomic imprinting 
(GI). Upon fertilization, 
the zygote acquires a 
haploid set of paternally 
imprinted chromosomes 
from the father and a 
haploid set of 
maternally imprinted 
chromosomes from the 
mother; the cells of the 
embryo therefore have 
a biparental GI pattern. 
In the germline, GI is 
erased; during 
spermatogenesis and 
oogenesis, respectively, 
paternal and maternal 
imprinting is 
reestablished [746]
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 specific for normal and neoplastic pluripotent 
cells and not expressed in normal adult human 
tissues and the large majority of cancers derived 
from adult tissues [32].

Notably, in the cells of the ICM and the epi-
blast of the preimplantation mouse embryo and 
the germline (collectively, the totipotent ESC) 
which efficiently contribute to the germline in 
chimeric embryos [33], Oct4 expression is 
driven by its distal enhancer. In contrast, in 
ESC from primitive ectoderm of the postim-
plantation embryo, which are pluripotent and 
contribute to the germline with low efficiency, 
it is driven from its proximal enhancer [26]. In 
the ESC, both of the pre- and postimplantation 
embryos and in the germline Oct4 physically 
partners with Sox2, regardless of the driving 
enhancer [20, 34]. In humans, OCT4 is coupled 

with SOX2 in ESC, however, with SOX17 in 
the germline [35].

OCT4 (6p21–22) [36] is involved in a net-
work of pluripotency factors including among 
others SOX2 (3q26–27) [37] and NANOG, 
STELLAR, and GDF3 (12p13) [38] that induce 
and maintain pluripotency of ESC, repress devel-
opment of somatic lineages, and regulate cell fate 
decisions in the early embryo [20, 39].

In various animal models, factors involved 
specification of early lineages, orchestrated by the 
pluripotency network, have been identified, such 
as Ezh2, Sox21, and Cdx2 for trophectoderm  
[40–42], Sox17 [43] (SOX17 in humans) [44] for 
primitive endoderm, and TBX3 for mesoderm (in 
Xenopus) [45]. Oct4 switches partner from Sox2 
to Sox17 in the primitive endoderm [34] and in 
humans also in the germline [35].
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Fig. 3.2 Oct4 expression in the early mouse embryo. 
The progressive stages of murine preimplantation devel-
opment, through implantation and gastrulation (embry-
onic days 0.5–6.5), are schematically represented. 
Critical genetic and epigenetic events initiated during 
this period are indicated at the appropriate time points. 
The expression pattern of Oct4 mRNA and protein in the 
developing embryos is represented by shading, with the 

intensity of color reflecting the level of expression. Oct4 
is present in the nuclei of all cells through the morula 
stage. At day 3.5, Oct4 becomes restricted to the inner 
cell mass (ICM) and, later, at day 4.5, to migrating cells 
of differentiating primitive endoderm. Following implan-
tation, Oct4 expression is limited to primitive ectodermal 
cells. Expression in primordial cells is detectable at day 
8.5 (not shown) [23]
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3.2.3  Specification 
and Maintenance 
of the Germline

In mice timeline at embryonic day 6 (E6), Bmp4 
initiates the specification of the germline by 
inducing Blimp1, Prdm14, and Ap2ɣ in proximal 
epiblast cells. These three proteins act to repress 
somatic genes and induce expression of PGC 
proteins, such as nanos3, re-induce pluripotency 
genes, and start the epigenetic reprogramming 
([35] for review). At E7.25, they form a cluster of 
40–50 cells at the base of the allantois due to the 
homotypic adhesion molecule fragilis. The cells 
in the center of the cluster with the highest 
expression of fragilis start to express stella(r) 
(also known as Dpp3a) and Tnap (the mouse 
homolog of PLAP) and become recognizable as 
the first PGC, which on E 8.5, after downregula-
tion of fragilis, start to migrate to the genital 
ridges, the future gonads [46, 47].

Different from mice, in humans SOX17 is a 
critical specifier of PGC fate [35], inducing the 
expression of BLIMP1, which represses endo-
dermal and other somatic genes as in the mouse. 
SOX17 and BLIMP1 are probably also important 
in the maintenance of PGC, preventing them 
from displaying their capacity to totipotency 
endowed by the expression of OCT4. Both in 
mice and humans, migrating PGC undergo 
germline- specific global demethylation, “repro-
gramming 1,” jointly with upregulation of 
PRMT5 to protect the vulnerable demethylated 
genome from damage by transposable elements 
[7, 35]. In the gonads, these cells, now called 
gonocytes, undergo “reprogramming 2,” includ-
ing completion of erasure of parental imprinting 
[48, 49], a process that is completed within 24 h 
in the mouse, however, takes several weeks in a 
locus-specific manner in the human embryo [6]. 
In the process of global demethylation and era-
sure of GI of PGC, 5mC is replaced by 5hmC in 
mouse [50] and man [6].

In the mouse, PGC start migration at E8.5 
from the base of the allantois, as mentioned, and 
reach the genital ridges at E10.5 by passive 
movement due the folding of the embryo and 
active migration partly guided by chemotactic 

factors from the genital ridge [2, 12, 51]. In 
humans, PGC expressing OCT4 (see above), as 
well as cKIT (membrane receptor for KIT ligand 
(KITLG), also known as stem cell factor, crucial 
for survival and proliferation of PGC), can be 
recognized in the yolk sac wall from 3 to 4 week 
postconception (wpc) [52]. PGC are present in 
the hindgut epithelium, in the mesenchyme of 
the dorsal mesentery, and in the developing 
gonadal ridge in wpc 4–6. In wpc 4–5, they leave 
the gut epithelium by a process resembling epi-
thelial mesenchymal transition (EMT). KITLG 
activates KIT signaling in the PGC and facili-
tates their further migration [2], but after estab-
lishment of connections between the enteric and 
sympathetic nervous systems, PGC follow sym-
pathetic nerve fibers toward the gonads. 
Numerous PGC are still present in the nervous 
system by wpc14. PGC failing to exit the nerve 
branches at the gonadal site may continue along 
the sympathetic trunk along the midline of the 
body and may end up in other distant localiza-
tions including the retroperitoneum (suprarenal 
region, adrenal glands), abdomen (stomach), 
anterior mediastinum, heart, lungs, head and 
neck, and CNS [52, 53]. This is an important 
observation because these so-called mis-
migrated PGC may give rise to GCT in these 
various extragonadal sites, unless eliminated by 
apoptosis [54–57] (Fig. 3.3). In the mouse 
embryo, upon arrival in the genital ridges on 
E12.5, gonocytes enter a premeiotic stage and 
upregulate meiotic genes both in female and 
male embryos. In the male genital ridge, meiosis 
proceeds no further and the germ cells enter 
mitotic arrest as G0/G1 prespermatogonia, 
which resume mitosis only after birth. In con-
trast, in the female genital ridge, germ cells enter 
meiotic prophase as oocytes and pass through 
leptotene, zygotene, and pachytene stages before 
arresting in diplotene at the time of birth. Germ 
cells enter meiotic prophase at about the same 
time not only in the female genital ridge, but also 
in extragonadal localizations, such as the adrenal 
gland, in female and male embryos [58, 59].

Mouse and human PGC are mortal, nullipo-
tent cells; in vitro exposure to KITLG, LIF, and 
bFGF reprograms them into totipotent stem cells 
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Fig. 3.3 Horizontal section through abdomen of a human 
embryo, 8 wpc. Horizontal section of human embryo, CRL= 
30 mm, 7 weeks and 6 days pc immunofluorescent labeled 
against cKit and b-III-tubulin antibody. Survey depicted (a–
c), with commencing connectivity of the enteric (ENS) and 
sympathetic (SNS) nervous system (b). (c) Some sympa-
thetic nerve fibers are found in the adrenal glands (AG), the 
pancreas (P), and especially in the dorsal mesentery located 
in the middle of the section. Positive b-III-tubulin reactivity 
is seen in nerve fibers of ENS, in general in the plexus myen-
tericus (PM), and similar reactivity is observed in the duode-

num (d). Furthermore, cKit is also observed in the interstitial 
cells of Cajal (ICC) of PM. (d) The PGCs in the nerve fibers 
demonstrate cKit reactivity. (e) Higher magnification of (b) 
demonstrating b-III- tubulin reactivity of SNS. (f) Higher 
magnification of boxed area in (c). The larger PGCs, with 
strong membranous cKit reactivity, are located in close cor-
respondence to the periphery of the individual nerve fibers of 
the SNS (f, arrows). The small, densely labeled cKit-positive 
cells outside of the nerve fibers are mast cells (f, arrow-
heads). Scale bars: (a, b) 500 mm, (c) 200 mm, (d, e) 
100 mm, (f) 50 mm [52]
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(EGCs) that can grow indefinitely [60] and can 
enter the germline efficiently [33, 61].

3.2.4  Plasticity of Pluripotent States

From recent research papers and reviews [17, 19, 
20, 62–66], a model emerges of the spectrum of 
developmental states of the different types of 
stem cells in the early embryo (mouse and 
human), how they are regulated at the molecular 
level in vivo, and how these developmental states 
can be modeled in vitro depending on culture 
conditions.

The term “pluripotency,” often used in a more 
general sense in the quoted papers, as in the leg-
end of Fig. 3.4, is replaced by “developmental 
potential” throughout this chapter, to avoid con-
fusion with the more specific application of the 
term “pluripotency” to indicate the developmen-
tal potential of cells in the primed state.

The 2C state represents the full developmental 
potential (omnipotency) of the zygote, still pres-
ent in the blastomeres of the two-cell stage of the 
embryo. These cells have not yet undergone 
global demethylation, erasure of parental imprint-
ing, and X-inactivation (the latter in female cells) 
and do not (yet) express Oct4 and Sox2 [19]. In 
fact, this corresponds to the omnipotent state.

ESC derived from the preimplantation embryo 
(ICM and epiblast) have the broadest develop-
mental potential, compared to other ESC, with a 
permissive epigenetic signature, including two 
active X chromosomes (in female cells), capable 
of forming embryonal and extraembryonal tis-
sues and efficiently contributing to the germline. 
They can continuously self-renew; Oct4 expres-
sion is driven from the distal enhancer, and Oct4 
partners with Sox2. These ESC represent what is 
called the ground state, naïve state, or totipotent 
state.

ESC derived from the primitive ectoderm of 
the postimplantation embryo exhibit reduced/
absent expression of many ancillary pluripotency 
factors, including Klf4, Klf5, Prdm14, Rex1, and 
Esrrb, due to the attenuated Nanog expression 
[67]. These cells accumulate epigenetic barriers 
incompatible with the naïve state, such as female 

X-inactivation and promoter methylation at pluri-
potency genes, and thereby resemble the anterior 
primitive streak [68]. They give rise to somatic 
lineages and do not readily contribute to extraem-
bryonic tissues and the germline. Their self- 
renewal capacity is limited, as they progressively 
differentiate toward stem cells committed to 
organs and tissues of the embryo proper; Oct4 is 
driven from the proximal enhancer, and Oct4 
partners with Sox2. These ESC represent the so- 
called primed state or pluripotent state.

The developmental potential of PGC upon 
reprogramming depends on their epigenetic sta-
tus. Early PGC, prior to completion of erasure of 
GI, give rise to EGC with the developmental 
potential of pluripotent ESC in the primed state. 
Late PGC with completed erasure of GI give rise 
to EGC with characteristics of naïve state, totipo-
tent ESC, including a permissive epigenetic sig-
nature, the absence of X-inactivation, the 
activation of Oct4 expression from the distal 
enhancer, and the combination of Oct4 with 
Sox2. In human PGC, OCT4 partners with 
SOX17; upon reprogramming to EGC, OCT4 
switches partner with SOX2. In parallel with 
their changing epigenetic status, PGC will have 
developmental potentials ranging from the 
primed to the naïve state.

In vivo, these developmental states are tightly 
controlled partly by cell autonomous factors 
(such as retroviral regulatory sequences) [19] but 
probably more by external cues, like position of 
ESC in the embryo. Plasticity of the developmen-
tal states in vivo is demonstrated by transplanta-
tion experiments, for example, cells from the tip 
of the epiblast become committed to the germline 
when transplanted in the proximal epiblast [12]. 
In vitro, naïve state and primed state can alternate 
depending on the culture conditions [20] (Fig. 
3.4). A startling example of plasticity is the phe-
nomenon that probably all ESC from the ICM 
transiently acquire the omnipotency of two-cell 
stage embryonic cells, the 2C state [19].

Apart from these physiological pluripotent 
cells, there are now somatic cells induced to plu-
ripotency (iPSC) by the very factors involved in 
regulation of pluripotency in the embryo and the 
germline. This feat was first reported by 
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Fig. 3.4 Embryonic origin 
and spectrum of pluripotent 
stem cell states. The 
pluripotent cells of a 
blastocyst between E3.5 and 
E4.5 can give rise to 
functionally naive ESC 
(blue). Between E5.5 and 
E8.0 postimplantation 
epiblast can establish EpiSC 
(orange), which occupy a 
primed pluripotent state. 
Additionally, primordial germ 
cells (PGC), which are the 
founders of the germline 
lineage, can give rise to naive 
EGC (green), which are 
highly comparable to ESC. 
Depending on the culture/
derivation conditions, these 
pluripotent stem cells occupy 
discrete molecular states that 
can be broadly classed as 
naive or primed. The most 
optimized state of naive 
pluripotency, which closely 
recapitulates the naive 
epiblast cells of the blasto-
cyst, is termed ground state. 
An interchangeable spectrum 
of pluripotent states may 
arise that ranges from ground 
state to primed pluripotency. 
The state of pluripotency 
adopted in vitro is primarily 
dictated by the combination 
extrinsic signals in the culture 
environment rather than the 
developmental source of the 
pluripotent cells. CH Chiron, 
PD PD03 [20]

Takahashi et al., using the same cocktail of pluri-
potency transcription factors, consisting of Oct4, 
Sox2, Klf4, and c-Myc, for mouse [69] and 
human somatic cells [70]. Shortly thereafter, 
Kim et al. demonstrated that mouse [71] and 
human [72] neural stem cells (NSC) can be 
induced to pluripotency by OCT4 alone, proba-
bly because these cells endogenously express 
SOX2, c-MYC, and KLF4. ESC and NSC appear 
to have many similarities at the transcriptional 
level [73]. Pluripotent stem cells can also be gen-
erated with embryonic stem cell-specific cell 
cycle regulating miRNAs [74].

iPSC, including those derived from NSC, 
resemble human ESC as to developmental poten-
tial, which means that they produce teratomas 
in vivo. By proper in vitro conditions, iPSC can 
be made germline competent [20].

In iPSC, the genomic imprint of the somatic 
cells from which they are derived is stably 
retained; however, a low frequency of loss of 
imprinting can be found, probably acquired in 
the process of reprogramming [75].

The high degree of plasticity of the develop-
mental potential of stem cells, including iPSC, 
implies that the actual state of developmental 
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potential of a given cell, rather than the cell type 
itself, ultimately determines the developmental 
potential of a stem cell [20]. This being said, it 
remains that a certain cell type has its character-
istic developmental potential, e.g., a blastomere 
is characterized by omnipotency.

3.3  Developmental Potential 
of Germ Cell Tumors

Failure of regulation of the developmental poten-
tial of stem cells in the early embryo may result 
in mainly extragonadal tumors early in life 
reflecting the overall somatic developmental pro-
gram of the originating cells. Flaws in the control 
of the developmental potential in the germline 
may give rise to tumors with a broad spectrum of 
developmental capacities, mainly in the gonads, 
and most often beyond childhood. Such gonadal 
and extragonadal tumors are usually designated 
with the umbrella-term germ cell tumors (GCT), 
which shall be used from here on.

Indeed, the predictions above fit with the epi-
demiology of GCT in infants, adolescents, and 
adults. Extragonadal GCT occur mainly in neo-
nates and infants, rarely beyond age 6 [76] with 
an estimated incidence of about 1.5/100,000 for 
males and females together [77]. Of note, 
extragonadal GCT are associated with an 
increased risk for various congenital malforma-
tions. In adolescents and adults, GCT are mainly 
found in the gonads with an incidence of 0.5–
12/100,000 for the testis, virtually always malig-
nant, and an incidence of up to 15/100,000 for the 
ovary, most often benign [78]. Overall GCT are 
rare, and even in high-incidence countries like 
Denmark, the lifetime risk for a testicular GCT is 
only 1 % [79]. It is noteworthy that GCT of the 
gonads are associated with a risk for impaired 
fertility.

The rarity of these tumors in any anatomical 
site in humans, the mouse [80, 81], and other 
animal species, perhaps with exception of the 
horse [80, 82, 83], demonstrates how success-
fully the hazards of dealing with embryonic 
stem cells and germ cells are coped with, prob-
ably because these cells are highly apoptosis 

prone. To illustrate this point, targeted loss of 
OCT4 as well as Nanog in PGC in the develop-
ing mouse results in apoptosis of these cells [84, 
85]. It could well be that these cells can only 
escape apoptosis if their normally repressed 
developmental potential unfolds. This mecha-
nism likely plays a role in the origin of many 
GCT in humans.

GCT can be classified according to their devel-
opmental potential [86]. Tumors of a certain 
developmental type appear to have more features 
in common, such as age of presentation, anatomi-
cal distribution, (cyto)genetic aberrations, and 
epigenetic characteristics including global meth-
ylation and GI status [87] (Table 3.1, Fig. 3.5).

3.4  Type 0 GCT

3.4.1  Developmental Potential 
and Incidence

Internal parasitic twins (fetus in fetu) with an 
incidence of 1/500,000 births [88] and external 
parasitic twins, such as the epignathus that pro-
trudes from the mouth, are extremely rare. These 
abnormal growths have the highest, omnipotent, 
developmental potential of all GCT, essentially 
not different from a zygote. They may contain 
well-developed internal organs, limbs [55], and 
often a vertebral axis [89] and are histologically 
composed of fully differentiated tissues. The 
presence of immature tissue or yolk sac tumor 
(YST) is exceptional [90–93], as is recurrence as 
YST [92, 94].

3.4.2  Anatomical Distribution

Fetus in fetu is in 80 % of the cases localized in 
the retroperitoneum and often enclosed in an 
amniotic sac, sometimes with rudiments of an 
umbilical cord [95] and extremely rarely placen-
tal tissue [92]. Other sites are the skull, hard pal-
ate, liver, sacrum, scrotum, and attached to ovary 
[94] and undescended testis [95]. External para-
sitic twins are localized at the same sites where 
conjoined twins are united [96].

J.W. Oosterhuis and L.H.J. Looijenga
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3.4.3  Genetics and Pathogenesis

Genetic analyses in some of the more recent 
cases have with rare exceptions failed to demon-
strate differences with the host [97]. These obser-
vations are consistent with fetus in fetu and 
external parasitic twins being monozygotic 
 diamniotic twins [95] lacking a heart and deriv-
ing their circulation from the host. Apart from the 
heart, the brain is also usually missing; in fact, 
most of the rostral part of the embryo is poorly 
developed [96].

There are features, such as common anatomi-
cal localization and female preponderance, sug-
gesting a continuum and common pathogenesis 
of conjoined twins, parasitic twins, fetus in fetu, 
acardiacs, which are considered parasitic twins 
attached via the placenta, and teratomas [96, 98, 
99]. Multiple pregnancies could be the far end 
of this continuum, as each of the mentioned 
conditions as well as type I GCT of various ana-
tomical sites [94] and perhaps also dermoid 
cysts (type IV GCT) [100, 101] is associated 
with a family history of multiple pregnancies 
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Fig. 3.5 Unifying model of the pathogenesis of GCT 
based on the hypothesis that the developmental potential 
of GCT is determined by the developmental state (2C, 
naïve, primed) of the originating cell. Juxtaposed in the 
figure are stages of embryogenesis (upper panel), devel-
opmental potential of stem cells in subsequent stages of 
embryonic development and the germline (second panel), 
critical features of the involved stem cells (third panel), 
and corresponding GCT types with gender distribution 
and their histology, reflecting developmental potential 
(bottom panel, linking Fig. 3.5 to Table 3.1) (abbrevia-

tions in order of appearance: DEV.POT. developmental 
potential, PGC primordial germ cell, iPSC induced plu-
ripotent stem cell, PARAM. parameters, M male, F female, 
DE-(I) first wave of demethylation, DE-(II) second wave 
of demethylation, RE remethylation, glob. Meth. global 
methylation, GI genomic imprinting, X-inact. 
X-inactivation, D distal enhancer, P proximal enhancer, H 
human, GCT germ cell tumor, TE teratoma, Im immature, 
YST yolk sac tumor, SE seminoma, NS non-seminoma, ST 
spermatocytic tumor, HM hydatidiform mole, DC der-
moid cyst)
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[96] (see below). In fact, over 15 % of cases of 
fetus in fetu have a family history of twins or 
double fetus in fetu [94]. The basic defect then 
would be an increased risk of multiple pregnan-
cies or, more mechanistically phrased, prone-
ness of blastomeres in the 2C state to escape the 
organizing influence of the developing embryo 
or rather escape from control of their develop-
mental potential. If the twin fails to develop a 
functional heart, it will either die or, if it suc-
ceeds in getting its circulation from the host, 
develop as a parasitic twin or a teratoma [96]. 
The latter may seem far-fetched; however, there 
is a case report on an oral mature teratoma in a 
female neonate that contained epididymal tis-
sue. In the tumor, Y-chromosomal DNA was 
demonstrated by PCR, which was lacking in the 
peripheral blood of the girl who had a normal 
female karyotype in peripheral blood lympho-
cytes (Fig. 3.6). This extraordinary teratoma is 
probably best regarded as a poorly organized 

epignathus originating from dizygotic twinning 
[102], illustrating an exceptional mechanism of 
origin of teratoma.

3.5  Type I GCT

3.5.1  Type I GCT General

3.5.1.1  Developmental Potential
The natural history of type I GCT, emerging 
from numerous clinical and pathological obser-
vations [55, 94, 103–109], is that regardless of 
anatomical site, they begin during embryonic 
life as immature teratoma, probably arising 
from one pluripotent progenitor cell, which 
may evolve to mature teratoma with trilaminar 
derivatives. However, an immature teratoma 
component may contain foci of YST easily 
overlooked on microscopic examination [106, 
110–113], which may eventually overgrow the 

Fig. 3.6 Histology and PCR of male epignathus, dis-
guised as teratoma, in a female neonate. Left panel, histol-
ogy of teratoma with epididymal ducts (arrows); right 
panel, PCR-amplification of Y-chromosomal DNA. Lane 
1: control DNA, female. Lane 2: control DNA, male. Lane 

3: 100 bp ladder. Lane 4: DNA extracted from 10 μm thick 
slides cut from paraffin-embedded teratoma tissue show-
ing ductus epididymis on light microscopy. Lane 5: DNA 
extracted from paraffin-embedded teratoma tissue show-
ing no ductus epididymis on light microscopy [102]

3 Germ Cell Tumors from a Developmental Perspective
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original teratoma (Fig. 3.7). In fetuses and neo-
nates, and in prenatally resected tumors, YST 
is virtually always associated with immature 
teratoma, while pure YST is rare [94, 113]. 
Thus, these tumors come in three histological 
variants: pure (immature) teratoma; pure YST, 
whereby the original teratoma component is 
probably overgrown by the more aggressive 
YST component; and combinations of (imma-
ture) teratoma and YST. The younger the 
infant, the more often an immature component 
is present and the lesser the chance that an 
overt YST component has developed, irrespec-
tive of gender (Table 3.2). YST can take the 
form of both intraembryonic endodermal 
derivatives, such as the primitive gut and liver, 
and extraembryonic structures such as allan-
tois and yolk sac [114], reason for Nogales to 
advocate the name primitive endodermal tumor 
instead of YST (Chap. 6).

The frequency of the different histological 
variants differs per anatomical site; however, in 
population-based registries, teratomas are the 
most frequent at all sites. In fact, the large major-
ity of type I GCT have a favorable course regard-
less of degree of immaturity, with the exception 
of high-grade immature teratomas of the ovary. 
A YST component, overall present in about 
5–10 % of the cases at birth [94, 109], is the only 
predictor of recurrence at any site [106, 109]. 

Type I GCT typically lack a seminomatous com-
ponent, EC, and choriocarcinoma, which are 
indicative for a type II GCT (see below). 
Choriocarcinoma may rarely occur in infants, in 
association with an intracranial type I teratoma 
[115] or metastatic from placental/gestational 
choriocarcinoma [116, 117].

Type I GCT may contain OCT4-positive 
cells, usually in higher-grade immature teratoma 
components [118, 119], which however are neg-
ative for SOX2 and CD30. This is in contrast to 
EC cells, the stem cells of type II GCT, which 
typically express these two proteins in addition 
to OCT4 and other pluripotency proteins, such 
as NANOG and STELLAR [57, 120]. These 
OCT4- positive cells may be the stem cells of 
type I GCT. The lack of expression of CD30 may 
be explained by the cells being diploid. It was 
shown that in vitro ESC cells, the normal coun-
terparts of EC cells, only start to express CD30 
when they become aneuploid [121]. The rarity of 
these stem cells in type I GCT suggests that they 
do not readily self-renew but are rather poised to 
differentiation, particularly into the various 
somatic lineages, explaining the usually benign 
character of these tumors. In fact, the precursor 
cells seem to be in the primed state.

Type I GCT may contain SOX2-positive cells; 
however, these are not the OCT4-positive puta-
tive stem cells [122], shown in Fig. 3.8.

Fig. 3.7 Testicular type I GCT, in infant of 5 months, 
composed of mature and immature teratoma with decep-
tive microscopic foci of YST, difficult to recognize with-

out the aid of immunohistochemistry. (left, H and E ×200; 
right glypican 3, ×200)

J.W. Oosterhuis and L.H.J. Looijenga
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Fig. 3.8 Type I immature teratoma with OCT4-positive, SOX2- and CD30-negative stem cells. (clockwise, HE, OCT4, 
SOX2, and CD30; original magnification, ×200)

Table 3.2 Histology of 96 sacral type I GCT related to sex and age

Histology Male Female Total

Mature teratoma Number 17 47 64

Age (average) 230 day 97 day

Age (median, range) 12 day 
(1 day – >3 year)

8 day 
(1 day–2.5 year)

Immature teratoma Number 3 13 16

Age (average, SD) 6 day 8 day

Age (median, range) 4 day (1–14 day) 4 day (1–45 day)

(Immature) 
teratoma
Plus yolk sac tumor

Number 0 5 5

Age (average, SD) 60 day

Age (median, range) 12 day (1 day to > 
6 month)

Yolk sac tumor Number 3 8 11

Age (average, SD) 20 month 21 month

Age (median, range) 18 month 
(15–27 month)

21 month (12 to 
>34 month)

Based on original data from De Backer [77]

3 Germ Cell Tumors from a Developmental Perspective
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3.5.1.2  Epidemiology
The age distribution of GCT shows a neonatal 
peak in the sacrococcygeal area, retroperito-
neum, mediastinum, head and neck, brain (apart 
from the pineal gland), and testis. In the ovary, 
the early peak is missing; however, GCT do 
occur from birth through adulthood without 
interruption. The tumors represented by the 
early peak are type I GCT, rare tumors, most 
often occurring in the fetus, neonates, and chil-
dren under the age of two and seldom beyond 
age six, with an overall predilection for girls, 
mainly due to the about 3.5:1 female to male 
ratio of sacrococcygeal tumors [76]. This 
skewed sex distribution may be due to global 
demethylation of PGC taking place earlier in 
males than in females. As a result, in males, the 
PGC are more fragile and prone to apoptosis 
upon mis-migration, whereas in females, the 
PGC are more robust and therefore have a 
greater chance to undergo reprogramming, giv-
ing them survival advantage outside a proper 
niche [57]. Such a mechanism would explain 
the overall slightly increased risk of extrago-
nadal type I and perhaps also type 0 GCT in 
females [123], not answering the question of 
why mainly in the sacrococcygeal region.

Exact incidence figures are hard to get 
because in most cancer registries, only malig-
nant GCT and not teratomas are included. The 
best approximation is achieved by combining 
cancer registry data with population-based fig-
ures on all GCT obtained in centers specializing 
in the treatment of these tumors [55, 94, 103, 
105, 107, 109, 114]. The Netherlands and 
Belgian National Cancer Registries report, 
respectively, 5.2 and 5.4 malignant GCT per mil-
lion children less than 15 years of age [77]; this 
figure is 4/million in Germany [107]. Assuming 
that over half, in fact, up to 70 %, of the type I 
GCT in children are teratomas, the overall inci-
dence would be 1–1.5/100,000 [77].

Multiplicity of type I GCT is exceedingly 
rare: one child with a bilateral pure YST of the 
testis [124]; four cases of bilateral teratoma of the 
testis [125–127], two of which were brothers 
with Klinefelter’s syndrome [127]; no bilateral 
stage I ovarian YST [128, 129]; 1–2 % of ovarian 

immature teratomas is bilateral [130, 131]; and 
no published multiple extragonadal cases to the 
best of our knowledge.

Combinations in one individual of type I GCT 
with other GCT types do occur: type I GCT may 
rarely be combined with fetus in fetu (type 0 
GCT) among others in the cranial region [132]; 
ovarian type I GCT may be combined with a type 
IV GCT in the same ovary and in 11 % in the 
contralateral ovary [130].

Familial cases of type I GCT have not been 
described for the testis, apart from the two 
 brothers, both infants, with Klinefelter’s syn-
drome, mentioned above, with bilateral testicular 
teratomas [127]. In view of the rarity of bilateral 
testicular type I teratoma [125, 126] as well as 
Klinefelter’s syndrome, this is probably not a 
chance occurrence, suggesting that this syndrome 
is a risk factor also for type I GCT, in addition to 
being an established risk factor for type II GCT 
of the mediastinum and brain.

Ovarian type I GCT may cluster with dermoid 
cysts of the ovary (type IV GCT). Since the latter 
may have a familial component, this is probably 
also true for the type I GCT [130, 133–135].

Finally, there is the family of a mother with an 
immature teratoma of the ovary coexisting with a 
newborn baby with an intracranial immature ter-
atoma [132, 136]; Poremba et al. excluded that 
the tumors were clonally related. Giambartolomei 
et al. [137] retrieved four families from the litera-
ture in which an ovarian type I GCT was com-
bined with one or more type II GCT of the testis 
(five cases) or ovary (one case).

3.5.1.3  Anatomical Distribution
Type I GCT are most often localized in extrago-
nadal sites along the midline of the body: the 
sacral region, retroperitoneum (cranially of the 
kidneys), stomach, anterior mediastinum, heart, 
head and neck, and brain [94, 138]. This peculiar 
distribution along the midline, including the 
brain, is attributed to the migration route of PGC 
during embryonic development [52, 54, 56, 57]. 
Others explain it by the relative abundance of 
ESC (for review [55]) or NSC [139] along the 
midline of the developing embryo. Type I GCT 
occur also in the testis, the second most frequent 
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site after the sacral region, and in the ovary. They 
have never been described in dysgenetic gonads 
in keeping with the different pathogenesis of type 
I and type II GCT of the gonads, the latter being 
derived from transformed, virtually always aneu-
ploid gonocytes in the naïve state, while the for-
mer probably originate through direct 
reprogramming of essentially normal, still meth-
ylated, and pre-erased diploid gonocytes to ESC 
in the primed state.

3.5.1.4  (Cyto)Genetics
Type I (immature) teratoma, either pure or com-
bined with YST, is virtually always diploid, lack-
ing chromosomal rearrangements. However, 
YST of type I, pure or combined with teratoma, 
is most often aneuploid, usually (near)diploid, 
with multiple gains and losses of (parts) of chro-
mosomes. Involved in gains are 1q, 3, 3p, 8q24, 
12p13, 20q, and 22; involved in losses are 1p 
(1p36), 4, 4q, 6q (6q24-qter), 16q, and 20p. 
Overrepresentation of the whole of 12p or the 
region 12p11.2–p12.1, typical for type II GCT, is 
not a feature of type I GCT. As mentioned above, 
the distal part of 12p and in particular 12p13 may 
be overrepresented ([111, 140–150], for review 
[151]). Some of these changes, such as gain of 1q 
and loss of 1p and 6q, are shared by type II YST 
and may be related to the phenomenon of pro-
gression/differentiation toward YST rather than 
being specific for type I GCT [152].

Although highly speculative, for some of the 
chromosomal gains and losses, possibly involved 
genes have been suggested; gain of 8q24 has 
been associated with amplification of MYC [142]; 
gain of 12p13 might involve the pluripotency 
genes STELLAR, NANOG, and GDF3 [38]; and 
loss of 1p36 [140] might involve CHD5, a tumor 
suppressor gene deleted from 1p36.31 in neuro-
blastoma [153].

Sporadic case reports describe specific bal-
anced chromosomal translocations in type I 
GCT. Two infantile sacral teratoma cases had 
constitutional balanced translocations involving 
12q13 probably affecting different genes [146, 
154]. In one of the two patients, the genes 
involved in the translocation t(12;15)(q13;q25) 
were identified as SUMO-/Sentrin-specific prote-

ase 1 gene (SENP1) and the embryonic polarity- 
related mesoderm development gene (MESDC2) 
[155]. The resulting fusion protein SEME inter-
feres with the function of MESDC2 as a chaper-
one for the WNT co-receptors LRP5 and/or 
LRP6. It is suggested that in both patients, the 
constitutional translocation was predisposing to 
the development of the sacral teratoma. In an 
intrathoracic mature teratoma in a 15-year-old 
girl, a balanced chromosomal translocation, 
t(8;22)(p21;q12), was the sole cytogenetic aber-
ration. It resulted in fusion of the genes PPP2R2A 
and CHEK2, supposedly the initiating event in 
this teratoma [156].

A genome-wide association study involving 
type I and II GCT suggests that a variant in BAK1 
involved in suppression of apoptosis [157] is 
associated with gonadal GCT of both types. Type 
I GCT were not associated with variants in 
KITLG, SPRY4, and DMRT1 (doublesex and 
mab-3 related transcription factor 1), which con-
fer an increased risk for type II GCT of the testis 
[158].

The Wnt/beta-catenin [159] and the TGFbeta/
BMP signaling [160] pathways are strongly 
expressed in type I and II YST, compared to sem-
inoma/dysgerminoma, EC, and choriocarcinoma 
([161] for review). Methylation of APC and LOH 
at 5q21-22 suggests that APC might be involved 
in the activation of the Wnt pathway [162]. In 
general, the transcriptome of pediatric YST is 
enriched for genes associated with a differentia-
tion and proliferation phenotype as compared to 
seminomatous (type II) GCT [163]. It is likely 
that the expression patterns of the various GCT 
types are mostly determined by the cell type(s) 
present and much less by pathways activated in 
the process of tumorigenesis. Seminomatous 
GCT and EC express pluripotency genes, and the 
various extraembryonic and somatic tissues 
express genes characteristic for the involved cell 
lineages [161, 163].

3.5.1.5  Epigenetics, including GI
Type I GCT usually have a biparental GI pattern 
as in somatic cells. In a small proportion, GI is 
partially erased, in particular in type I GCT of the 
testis and ovary [144, 164–167]. These findings 
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on GI support the hypothesis that extragonadal 
type I GCT may originate from PGC, which are 
pre-erased or partially erased, corresponding to 
the methylation status of the genome (see Sect. 
3.2.3). Reprogramming of these cells will pro-
duce an ESC with the developmental potential of 
the primed state. It does not exclude their deriva-
tion directly from ESC in the primed state, which 
are also characterized by a biparental GI pattern. 
Also, a somatic cell with induced pluripotency 
(iPSC), for example, by reactivation of pluripo-
tency genes, in particular OCT4, as demonstrated 
for human NSC [72], could theoretically be the 
precursor of type I GCT. This has been suggested 
by Scotting and co-workers for GCT of the brain 
[139, 168, 169], without making the essential dis-
tinction between type I and type II GCT [86]. 
Such iPSC would endow the derived tumors with 
their own GI pattern [56], as it is stably transmit-
ted to daughter cells [75, 170]. Any degree of loss 
of imprinting in a type I GCT tumor would sug-
gest that the tumor is derived from a germ cell 
precursor [166], unless, as reported [169], NSC 
may also have partial loss of imprinting.

3.5.1.6  Animal Models 
and Pathogenesis

Apart from humans, pluripotent tumors have 
been most extensively studied in the mouse. 
Relevant for human testicular type I GCT are the 
spontaneous [80, 81] and experimental [171] tes-
ticular teratomas in the 129 mouse strain. The 
spontaneous ovarian teratomas in LT mice [172] 
are probably a model for human ovarian type I 
GCT. Teratomas derived from pre- and postim-
plantation embryos transplanted to various 
organs, in particular the testis [173] or the kidney 
[174], might be a model for extragonadal type I 
GCT in man. Spontaneous extragonadal terato-
mas in mice [83, 175, 176] are too rare to be prac-
tically useful for animal experiments.

The difference between the spontaneous and 
experimental testicular teratomas as compared to 
the embryo-derived teratomas is that the gono-
cytes from which the testicular tumors originate 
are committed to the germ lineage and not them-
selves pluripotent [61]. They have to be repro-
grammed before being able to form pluripotent 

tumors [60], a process similar to what happens in 
the human type I GCT, and to reprogramming of 
a somatic cell to an iPSC, by converting the 
nucleus from nullipotent to pluripotent [61].

These different mouse models have a similar 
developmental potential; when fully developed, 
they are mainly composed of mature somatic tis-
sues derived from the three germ layers. Immature 
teratoma and EC cells are less frequent and often 
minor components; rarer still are extraembryonic 
lineages. Late takes of embryo transplantation 
under the kidney capsule consist of parietal YST 
and occasionally trophoblastic giant cells [177]; 
these tumors are most often aneuploid [178], just 
as human type I YST (Fig. 3.9). The observation 
that in chimeric blastocysts polyploid murine 
ESC only give rise to extraembryonal lineages 
(yolk sac and placenta), while the embryo proper 
is derived from the diploid ESC [179, 180], might 
explain the restricted developmental potential of 
aneuploid tumor cells in type I GCT: probably, 
they are no longer capable to form somatic 
tissues.

The testicular teratomas in the mouse models 
originate when a luminal gonocyte or a presper-
matogonium in its niche is reprogrammed to an 
ESC in the primed state, either directly or via an 
EGC that apparently loses its naïve-state devel-
opmental potential [60, 61, 80, 181, 182]. 
Initially, when proliferating within the seminifer-
ous tubules, the tumor cells stay undifferentiated, 
as EC cells. When the EC distends and disrupts 
the tubular wall and invades the testicular inter-
stitium, it starts to differentiate into immature 
somatic tissues, which gradually develop into 
mature teratomas [81, 183]. A minority of the 
tumors will maintain immature teratoma and EC 
and will be retransplantable in syngeneic hosts. 
Rare tumors are pure EC from the start, which 
can readily be transplanted. This same evolution 
is seen in tumors derived from pre- or postim-
plantation embryos up to E8. The percentage of 
tumors with an EC component depends on the 
strain of the transplanted embryos and is usually 
higher than in the testicular teratomas [184]. 
These mouse models, as well as the ovarian tera-
tomas in LT strain mice, resemble human type I 
GCT. They have the same cells of origin (PGC/
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gonocytes and ESC), histological evolution, and 
developmental potential. Whatever the cells of 
origin, they seem to have or acquire the primed 
state in view of the developmental potential of 
the derived tumors.

Probably the most important lesson to be 
learnt from these models is that disruption of the 
microenvironment of the pluripotent cell itself 
suffices to initiate a pluripotent tumor. For gono-
cytes/prespermatogonia in the developing testis 
of 129 strain mice, this principle is demonstrated 
by genital ridge transplantation, as will be dis-
cussed in the following.

In 129/Sv mice carrying the loss of function 
steel mutation (steel or Kitlg is the mouse homo-
log of KITLG), spontaneous testicular teratomas 
occur in about 4 % of the animals, twofold the 
spontaneous rate (2 %) in 129 strain mice lacking 
this mutation. When from the same animals the 
genital ridges are transplanted, teratomas develop 
in over 80 % of the grafted genital ridges, often at 
multiple sites [171]. This is counterintuitive: loss 
of PGC with the steel mutation, and even more so 
by the procedure of the genital ridge transplanta-
tion, increases the yield of teratomas. The steel 
mutation, in the membrane-bound Kitlg [185], 
and the transplantation procedure are not carci-
nogenic events acting on the PGC but rather fac-
tors that disturb the niche of the PGC, promoting 
reprogramming of the surviving PGC. Apparently, 
cell-intrinsic mechanisms for repression of the 
developmental capacity of gonocytes/presper-
matogonia, such as those via Blimp1, Prdm14, 

and AP2ɣ [186–188] and Dmrt1 [189], are not 
sufficient when the restraints of the normal tubu-
lar environment are disturbed, like Nanos2-/
Dmrt-dependent GDNF signaling by Sertoli cells 
[189]. Remarkably, only male genital ridges pro-
duce teratomas; female genital ridges never do 
[173], probably because in the female genital 
ridge, the germ cells are blocked in meiosis I and 
few in numbers. In the male genital ridges, the 
germ cells are more numerous, premeiotic, and 
arrested in G0/G1 of mitosis [12]. Contrasting 
patterns of Dnd1 expression in female and male 
gonads may also contribute to the different sus-
ceptibility to teratoma formation [190].

As for embryo-derived tumors, perfectly nor-
mal embryos may turn into teratomas when 
transplanted into a testis or a kidney [173, 184]. 
EC cells derived from such tumors, when intro-
duced into the ICM of a blastocyst, can contrib-
ute to the normal tissues of the resulting chimeric 
mouse, demonstrating that the tumor cells when 
restored to their proper environment may nor-
malize, as well as cause malignant tumors [191].

The importance of genetic factors condition-
ing the micro-milieu of the niche was demon-
strated by crossing susceptibility genes for 
testicular teratomas into 129 strain mice. As 
already mentioned, in the original strain, about 
2 % of the mice had spontaneous testicular tera-
tomas, introducing the loss of function steel 
mutation, which reduces the number of PGC and 
spermatogenesis [192], doubled this percentage 
[171], and by adding the ter mutation, one third 

Fig. 3.9 Late take of transplantation of snowman stage 
mouse embryo under kidney capsule of syngeneic mouse. 
Left panel: parietal YST with trophoblastic giant cells in 

hemorrhagic context (H and E, ×200) [177]; Right panel: 
aneuploid karyotype of same tumor [178]
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of the mice developed spontaneous testicular 
teratomas [81]. The gene ter is a recessive gene 
that causes germ cell deficiency in mice, and in 
129/Sv-ter mice, it also enhances the yield of 
teratomas. Male 129/Sv-ter mice, homozygous 
for the ter mutation, are sterile and almost always 
have teratomas, often bilateral [193]. The ter 
mutation occurs in the Dnd gene, expressed in 
fetal gonads [190]; in mice, Dnd isoform α is 
necessary for viability of germ cells including 
PGC from E8 and for viability of embryos [194]. 
Specifically, in 129 strain mice homozygous for 
this mutation, PGC die apoptotically or when 
they escape apoptosis may be reprogrammed to 
ESC, which form teratomas. It is even more 
likely the other way round that some PGC escape 
apoptosis because they have been reprogrammed 
[190]. As a corollary, the proneness of 129 mice – 
and not of other strains [194] – to form teratomas 
is due to the ease with which PGC of 129 mice 
PGC are reprogrammed to an ESC in the primed 
state. This may be due to incompetence of 129 
strain mice to adequately suppress reprogram-
ming to pluripotency in germ cells, a process in 
which among others Dmrt1 expressed in PGC/
gonocytes is involved [189].

The variants in KITLG that increase the sus-
ceptibility for testicular type II GCT in humans 
[195, 196] do not seem to affect the incidence of 
type I GCT [158].

Although derived from PGC, KIT mutations 
are probably exceptional in type I GCT. In sup-
port of this contention, none of the pure imma-
ture and mature teratomas of the brain studied by 
Wang [197], almost certainly type I GCT, had 
KIT mutations and also very rarely other muta-
tions. This is indeed remarkable since KIT is the 
crucial survival and proliferation factor for PGC.

In the mouse, germ cells that do not reach the 
genital ridges die through apoptosis caused by 
the proapoptotic protein Bax. In Bax-null 
embryos, large numbers of ectopic (extrago-
nadal) germ cells fail to die [57]. A similar mech-
anism of impairment of apoptosis of mis-migrated 
PGC might enhance the development of extrago-
nadal human type I GCT; however, this has not 
been demonstrated.

The available evidence points to the pathogene-
sis of type I GCT being foremost “developmental” 

and not driven by somatic mutations. This implies 
that the p53-dependent DNA damage response is 
intact in these tumors, explaining their favorable 
response to cisplatin-based chemotherapy, just like 
type II GCT.

3.5.1.7  Summary of the Pathogenesis 
of Type I GCT

The most likely cells of origin of extragonadal 
type I GCT are mis-migrated PGC, as these cells 
have been demonstrated along the midline of the 
body, indeed in large numbers at the typical sites 
of these tumors [52]. Most of these PGC die 
apoptotically; probably only those that are repro-
grammed to an ESC manage to survive outside 
the niches in the gonads, the thymus, and the 
midline of the brain suitable for 
PGC. Reprogramming occurs when the mecha-
nisms, with a key role for SOX17, BLIMP1, and 
OCT4 [35], maintaining the phenotype and sup-
pressing the developmental potential of PGC, 
break down, probably because of lack of a suit-
able niche. Since the PGC are pre-erased, repro-
gramming will result in an ESC in the primed 
state capable of forming immature somatic tis-
sues that will usually differentiate to fully mature 
teratoma. YST and very rarely choriocarcinoma 
are the only other components, which develop 
from tumor cells that have become aneuploid.

In the testis and ovary, type I GCT originate 
when diploid, pre-erased gonocytes, and oogonia 
are reprogrammed to ESC in the primed state due 
to failure of control of developmental potential 
by germ cell-intrinsic (DMRT1 in addition to 
SOX 17, BLIMP1, and OCT4) and niche factors 
(such as GDNF) [189]. Reprogramming to an 
ESC can occur directly or via an EGC in which 
the naïve state is rapidly dismantled [182].

Pathogenesis is mainly developmental; 
somatic mutations probably play a minor role.

3.5.2  Site-Specific Aspects of  
Type I GCT

3.5.2.1  Sacral Region
Sacrococcygeal type I GCT, with a frequency of 
1/35,000 live births, constitute about 40–50 % 
of extragonadal type I GCT and are the most 
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frequent neonatal tumor. They are rarely diag-
nosed beyond the age of 2 years and virtually do 
not occur after age six [76, 109, 198, 199]. The 
fact that there are practically no GCT at all in 
the sacral region past the age of six is in accor-
dance with the absence of type II GCT at this 
anatomical site. The rare sacrococcygeal type I 
teratomas in adults probably had their inception 
before birth and went undetected [55]. There is 
a strong predilection for girls with a male to 
female ratio of 1:3.5.

Other congenital disorders occur in up to 25 % 
of patients with sacrococcygeal type I GCT, 
including trisomy 21/Down’s syndrome (imply-
ing a higher risk for type I GCT in Down’s syn-
drome), genitourinary malformations, congenital 
hip dislocation, esophageal atresia and congeni-
tal heart disease [114, 198], and duplication of 
pelvic organs attributable to hindgut twinning 
[200]. There is a well-documented association 
with multiple pregnancies, either within the same 
pregnancy or as a family history of multiple preg-
nancies [94, 96].

The evolution of these tumors is typical for 
type I GCT. Starting as immature teratomas 
prior to birth, they become more mature with 
time. When completely removed at this stage, 
which entails removal of the coccyx bone in 
continuity with the tumor ([114] for review), the 
child is cured. Incomplete or delayed surgery 
may allow the tumor to recur as mature or 
immature teratoma, or by means of tumor pro-
gression, to develop a YST component in the 
primary tumor or in a recurrence. A YST com-
ponent is found in 5–10 % of the tumors 
removed before the age of 2 months; thereafter, 
this figure increases rapidly, and by the age of 
three, most sacrococcygeal type I GCT are 
malignant, in principle due to progression to 
YST [94, 201, 202]. The tendency for malig-
nancy seems somewhat greater in males than in 
females [201]. Rarely, a somatic-type malig-
nancy may develop such as Wilms’ tumor [203, 
204]. Also the type I teratomas of adults may in 
some 10 % develop a malignant component 
[205]. Metastases can be local or visceral and 
are usually composed of YST or less frequently 
immature teratoma [198, 199]. In contrast 
to teratoma, YST is aneuploid with the 

chromosomal aberrations characteristic for YST 
progression in type I GCT, as discussed.

Sacral teratomas so highly developed that 
they have a vertebral axis should according to 
the definition of Willis [206] be classified as 
parasitic twins. A somewhat less strict definition 
[96, 98] considers a sacral teratoma with clearly 
developed limbs as a parasitic twin; in view of 
the site of attachment, they should be classified 
as a  parasitic pygopagus [96]. Indeed, a per-
sonal case, published as sacral teratoma with a 
classical clinical history, including recurrence 
as YST (with the characteristic chromosomal 
aberrations) upon incomplete surgery [207], 
should probably be reclassified as a parasitic 
pygopagus, a conjoined twin parasite attached 
to sacrococcygeal area (Fig. 3.10). This case 
illustrates the continuum between twinning and 
the development of a type I GCT and the diffi-
culty pinpointing the cells of origin of these 
growths. Indeed, some deem it possible that all 
extragonadal teratomas have originated as twins 
[96], and at the other end of the spectrum, others 
consider them as derived from mis-migrated 
PGC, which have a preference for the rostral 
and caudal part of the sympathetic nervous sys-
tem [52]. In between are those who favor the 
idea that they are derived from an ESC.

Cases like ours [207], and an almost identical 
one reported by Chen et al. [208], blur the dis-
tinction between parasitic twin and teratoma or 
rather between type 0 and type I GCT. The two 
types of GCT may be derived from the same or 
different precursor cells in the 2C, respectively, 
primed state.

3.5.2.2  Retroperitoneum
In the retroperitoneal region, all GCT under the 
age of six are probably type I GCT [76]. Perhaps 
some may be poorly organized included twins 
(type 0 GCT), as the retroperitoneum is the most 
common site of fetus in fetu [95].

Five to ten percent of extragonadal type I GCT 
occur in the retroperitoneum, most of them in the 
left or right suprarenal region consistent with lat-
eral migration of PGC toward the gonadal ridges 
[52]. The sex distribution is about equal when 
several smaller series are combined [104, 209, 
210]. Over 10–20 % of tumors are partly or 
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wholly composed of YST, of the remainder, 
about half have an immature teratoma component 
and half are completely mature teratomas. The 
relatively high figure for YST is probably due to 
the fact that most of the tumors are diagnosed a 
couple of months after birth.

In postpubertal males, retroperitoneal GCT are 
virtually always metastatic from unrecognized 
testicular type II GCT [108, 211–213]. In postpu-
bertal females, retroperitoneal GCT are very rare, 
usually benign, and probably type I GCT that 
have remained undetected until after puberty.

3.5.2.3  Stomach
Of the type I GCT, 2–3 % are located in the stom-
ach with a male-to-female ratio of 1:3.7; progres-
sion to YST is rare [94]; however, like the type I 
GCT of the neck, they may metastasize in the 
form of immature teratoma [94].

3.5.2.4  Mediastinum
The mediastinal type I GCT constitute 2–3 % 
of the total, most are located in the anterior 

mediastinum, originating in the thymus [114], 
and only rarely in the posterior mediastinum. 
There is a slight preponderance of females [94, 
138]. Progression to YST occurs in up to 30 % 
probably due to surgery several months after 
birth [214].

3.5.2.5  Heart
Type I GCT of the heart are relatively frequent, 
4–7 % of the total, most often located in the peri-
cardial cavity, attached to the great vessels at the 
base of the heart, and only rarely within the heart 
itself, very much in accordance with the sites 
where mis-migrated PGC are found [52]. Males 
and females are equally affected. Progression to 
YST occurs in about 5 % [94].

3.5.2.6  Head and Neck
Type I GCT of the head and neck occur in less 
than 40,000 live births and constitute 10–20 % of 
all extragonadal type I GCT; the sex distribution 
is roughly equal. Anatomical localizations are the 
neck including the thyroid gland (35 %); face 

Fig. 3.10 Neonate with diploid sacral teratoma/para-
sitic twin (pygopagus) with a clearly recognizable foot; 
upon irradical removal recurring as aneuploid YST (right 
top; H and E, ×100); karyotype with typical loss of 1p 

and gain of 6q (left bottom); after chemotherapy a small 
residual mature teratoma was resected (right bottom;  
H and E, ×40) [207]
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(8 %); oro- and nasopharynx and surrounding 
structures, in particular hard palate and nasophar-
ynx (45 %); and orbit (12 %) [94, 138, 
215–217].

They develop during embryonic life and are 
often diagnosed before birth. The histology is 
most often mature teratoma, about one third of 
the cases contain immature teratoma. Immature 
neural tissue may rarely metastasize to regional 
lymph nodes and the lungs and on very rare occa-
sions spontaneously mature [218]. About 3 % of 
the tumors present as pure YST or as teratomas 
with microscopic foci of YST [94, 216]. In the 
series of 16 cases described by Lack [215], there 
were three YST, respectively, in the oropharynx, 
the nasopharynx, and the floor of the mouth. In 
two cases, surgery was not carried out immedi-
ately after birth but after 6 and 10 months, respec-
tively. Progression to a somatic-type malignancy 
may occur, in particular neuroblastoma [218]; 
squamous cell carcinoma has been reported as 
well [219].

Progression to YST and metastasis did not 
occur in 51 cases occurring in the neck [217], 
probably because surgery is done shortly after 
delivery, preventing the tumors to progress. The 
low progression rate might raise the suspicion 
that many of the teratomas are in fact parasitic 
cephalopagus [96]. Indeed the oral mature tera-
toma, mentioned before, diagnosed prenatally in 
a female baby, most likely was a disorganized 
dizygotic twin [102], which in retrospect should 
have been classified as epignathus or more for-
mally as parasitic cephalopagus. This is yet 
another example of a case that blurs the distinc-
tion between type 0 and type I GCT.

Oro-nasopharyngeal and cervical teratomas 
are associated with other congenital disorders in 
12 and 6 %, respectively [94].

The highly aggressive sinonasal pluripotent 
tumors in adults [220–222] are often character-
ized by chromosomal translocations and will be 
discussed as type VI GCT.

3.5.2.7  Brain
Intracranial type I GCT constitute about 
10–15 % of all type I GCT with an equal sex 
ratio and 3 % associated with YST [94, 109, 
132]. In one third of the cases, the size of tumor 

obscures the original anatomical localization. 
When the site can be determined, it is most often 
cerebral hemisphere (25.5 %), followed by the 
suprasellar region (23 %), third ventricle 
(5.6 %), and pineal region (4.4 %) [132]. The 
tumors may extend into the orbit, neck, face, 
mouth, or pharynx [94, 132, 138].

3.5.2.8  Testis
Under the age of six, GCT of the testis are practi-
cally always of type I [76], amounting to 5–10 % 
of all type I GCT [94, 109, 223]. Eleven out of 
the 19 tumors described by De Backer et al. [223] 
were teratomas, confirming that teratomas are 
more frequent than YST in unbiased institutional 
registries [224]; indeed, under the age of 
1.5 years, no YST was diagnosed. Four of the 11 
teratomas had immature areas; however, none of 
the tumors was combined with YST or a raised 
serum alpha- fetoprotein (AFP). Mixed type I 
GCT, combining teratoma with YST, are rare but 
do occur also in the testis [224].

In view of the supposed pathogenesis of type 
I GCT, it is remarkable that mixed tumors are 
so rare in the testis, at least ten times less fre-
quent than pure YST [224–226]. The presence 
of immature teratoma may increase the risk of 
progression toward YST [106, 198]. Probably, 
when progression occurs early, in a microscopic 
immature teratoma, the tumor appears as pure 
YST at clinical presentation; progression in an 
established teratoma results in a mixed type I 
GCT combining teratoma with YST. Teratomas 
may very rarely, also by way of progression, 
develop PNET as a somatic-type malignancy 
[227].

Type I GCT of the testis are not associated 
with germ cell neoplasia in situ (GCNIS) [228] 
and testicular dysgenesis syndrome (TDS) [229] 
and do not share the risk factors of testicular type 
II GCT nor their increasing incidence. Familial 
susceptibility for prepubertal YST has not been 
demonstrated [230, 231]. Unlike the type II GCT 
of the testis, there is no association with single 
nucleotide polymorphism (SNP) variants of 
KITLG, SPRY4, and DMRT1, among others. 
There seems to be an association with a SNP 
variant of BAK1 [158], suggesting that resistance 
to apoptosis of primitive germ cells might play a 
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role in the pathogenesis of prepubertal GCT. This 
is in line with the hypothesis that testicular type I 
GCT originate through reprogramming of a dip-
loid, methylated, pre-erased, premeiotic PGC to 
an ESC in the primed state.

3.5.2.9  Ovary
In the ovary, the early neonatal peak in the age 
distribution of GCT, representing type I GCT, is 
not apparent [76]; however, it is unlikely that 
they do not exist. Rather their age distribution is 
probably broader and overlaps with types II and 
IV, as shown below.

Among 158 reviewed cases of pure and mixed 
dysgerminomas of the ovary, by definition type II 
GCT, the youngest was 4 years old; 6 % were in 
the age group 0–9 years and 41 % between 10 
and 19 [232]. A review of 517 dermoid cysts, 
type IV GCT of the ovary, showed an almost 
Gaussian age distribution with no cases under 
age 10 and 1.5 % under age 15 [233]. From these 
figures, it can be deduced that the large majority 
of the 66 pediatric patients through age 15, 
reported by De Backer et al. [234], had a type I 
GCT. Six tumors were purely cystic, thus proba-
bly type IV GCT, and 12 were type II GCT on 
histological grounds, leaving 48 type I GCT. Of 
these, three were pure YST, consistent with the 
rate of about 5 % YST in other anatomical sites. 
This makes the ovary the second most frequent 
site of type I GCT after the sacrococcygeal 
region, accounting for 15–25 % of all type I GCT.

Apparently, teratomas of the ovary can be of 
three types: I, II, and IV and taking the type VI 
teratomas associated with clear cell carcinoma of 
the ovary (Chap. 6) also into account, four types. 
The overlapping age distributions and morpho-
logical resemblance may pose problems separat-
ing them. A morphologically typical dermoid 
cyst in a patient over 10 years of age is almost 
certainly a type IV GCT. A solid teratoma or a 
pure YST, or the combination of the two under 
age five, is most probably a type I GCT. Any 
GCT with a dysgerminoma, EC, or choriocarci-
noma component, with or without other compo-
nents, is a type II GCT regardless of age. 
Teratomas associated with epithelial cancers of 
the ovary are of type VI. Cases composed of tera-

toma and/or YST over age 5 could be type I or 
type II GCT. Separating these malignant GCT is 
probably not so important clinically. However, 
for a (partly) solid pure teratoma, in a patient 
over 5 years, it is crucial to make the distinction, 
since a type I teratoma is benign, whereas a type 
II teratoma is malignant. In such cases, the diag-
nosis needs (cyto)genetic confirmation.

Like for the testicular ones, the assumption is 
that ovarian type I GCT originate through repro-
gramming of a diploid, methylated, pre-erased, 
premeiotic PGC to an ESC in the primed state. 
Such mitotic germ cells persist in the periphery 
of the ovary through week 20 gestational age 
[235, 236]. Oogonia can be present in the cortex 
of the ovary in the two first years of life before 
they are finally cleared [237].

3.5.3  Type I GCT Beyond Infancy

In general, type I GCT occur neonatally and in 
early infancy, in prepubertal individuals. However, 
GCT with essentially the same developmental 
potential may become clinically manifest at older 
ages, also in postpubertal patients. This is obvious 
for the ovary where the neonatal incidence peak is 
lacking, and the type I GCT have a broad age 
range, overlapping with the age distribution of the 
type II and type IV GCT of the ovary. The exis-
tence of prepubertal type I teratomas in the postpu-
bertal testis was recently established [228, 238, 
239]. Typically, these teratomas are highly differ-
entiated, lack (cyto)genetic abnormalities in par-
ticular gain of the complete short arm of 
chromosome 12 (12p), and are not associated with 
GCNIS. Remarkably, they may grossly present as 
dermoid cysts, sometimes containing hair [238], 
as the type IV dermoid cysts of the postpubertal 
ovary almost invariably do. Like type I teratomas, 
they may, albeit rarely, progress to YST [120]. 
Zhang et al. [238] have proposed that they have 
the same pathogenesis as type I, prepubertal tera-
tomas. However, the possibility that they arise 
later in life from “dormant” germ cells arrested in 
meiotic prophase, like extragonadal mis-migrated 
PGC, which can be reprogrammed to the primed 
state, cannot be excluded [120]. It is likely that 
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type I teratomas may also occur beyond infancy at 
extragonadal sites, like the mediastinum [55, 240, 
241] and brain [242]. Particularly in the mediasti-
num, postpubertal mature teratomas may have the 
gross appearance of a dermoid cyst, grossly con-
taining hair and even tooth structures [55, 240, 
241] (Fig. 3.11). Microscopically, the cysts are 
lined by squamous epithelium with pilosebaceous 
structures and may have glial tissue in the solid 
parts of the cyst wall. It seems that in these ana-
tomical localizations, ovary, mediastinum, other 
extragonadal sites, and perhaps also testis, the 
developmental potential of the teratomas may 
have intermediate phenotypes between typical 
type I and type IV GCT. In each site, teratomas 
occur that are partly dermoid cysts and partly solid 
teratoma sometimes with immature components. 
In the ovary, typical type I teratomas may occur 
side by side with type IV teratomas, both uni- and 
bilaterally [130]. Remarkably, the incidence of 
type I GCT beyond infancy in the mediastinum 
[241] and brain [243] is rather similar in males and 
females as opposed to type II GCT, which are 
much more frequent in males than females.

These clinical observations on early and late 
type I GCT may be explained by the phenome-
non that PGC in females and males regardless of 
anatomical site enter meiotic prophase by 
default [58, 59]. The only exception are gono-
cytes in the testis, which within the seminifer-
ous tubules, under the influence of Sertoli cells, 
undergo mitotic arrest until puberty. The various 
phenotypes of these tumors, ranging from typi-

cal, solid type I GCT to mainly cystic teratomas 
closely resembling type IV GCT, may be due to 
 epigenetic differences between the originating 
PGC. It is hypothesized that pre-erased PGC of 
early infancy, reprogrammed to ESC in the 
primed state, will give rise to the typical type I 
GCT phenotype, while PGC that later in life, 
beyond infancy, have entered meiotic prophase 
and concomitantly have undergone partial era-
sure of GI and possibly some degree of maternal 
imprinting, may form tumors resembling type 
IV GCT. In fact, these GCT have intermediate 
phenotypes between type I and type IV 
GCT. This assumption is supported by the 
observation that in mice, EGC are totipotent 
when derived from PGC but that this phenotype 
is gradually lost in EGC derived from more 
mature germ cells [61]. Fully fledged type IV 
GCT seem to occur only in the postpubertal 
ovary [233].

3.6  Type II GCT

3.6.1  Type II GCT General

3.6.1.1  Developmental Potential
Type II GCT are malignant tumors that come in 
two variants: first, seminomas (named dysgermi-
noma in the ovary; germinoma in the brain; semi-
noma or germinoma in the mediastinum), which 
are homogeneous neoplasms composed of neo-
plastic PGC/gonocytes, the default development 
of type II GCT; second, non-seminomas, which 
are caricatures of embryonic development, includ-
ing both somatic and extraembryonic lineages 
[244]. Non-seminomas arise when a neoplastic 
PGC/gonocyte is reprogrammed to become an 
EGC in the naïve state, or, in pathological terms, 
when a seminomatous cell is reprogrammed to a 
totipotent EC cell, the stem cell of non-seminomas 
[245], as originally demonstrated for mouse EC 
cells by Kleinsmith and Pierce [246]. EC cells 
may give rise to all lineages of embryogenesis: 
YST (secreting AFP) and choriocarcinoma (secret-
ing beta-human chorionic gonadotropin (β-HCG)) 
represent the extra-embryonic tissues; immature 
and mature teratomas represent somatic tissues of 

Fig. 3.11 Mediastinal teratoma, late type I GCT, with 
intermediate phenotype between types I and IV: cyst filled 
with sebaceous material and hairs
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the three germ layers of the embryo in varying 
degrees of maturation; occasional primitive germ 
cells represent the germ lineage [247] (Fig. 3.12). 
These elements are characterized by lineage-spe-
cific mRNA [248, 249] and protein expression 
profiles [161]. In non-seminomas, so-called 
embryoid bodies can be encountered, which 
strongly resemble 10-day-old, early presomite 
human embryos. They show the same expression 
patterns of both mRNA and proteins as during nor-
mal development, like OCT4. Beyond that particu-
lar stage, corresponding to the time that in a 
pregnancy implantation is completed [250], devel-
opment becomes disorganized, with embryoid 
bodies turning into patches of EC, YST, tropho-
blastic giant cells/choriocarcinoma, or teratoma, 
and disorderly combinations thereof. A possible 
explanation is that the neoplastic embryo lacks the 
biparental imprinting pattern of the zygote that is 
required for proper development of extraembry-
onic structures and concomitant vascular supply. 
Mature teratoma may be highly differentiated at 
the tissue level and even contain organoid struc-
tures closely resembling the gut, bronchi, etc., but 
never fully developed organs as in type 0 GCT or 
hair and teeth as in type IV GCT. The complete 
gamut of differentiation lineages, in particular the 
capacity to develop both embryonic and extraem-
bryonic lineages, the germline competence, and 
the high capacity of self-renewal of its stem cells 
(EC cells) characterize type II GCT indeed as toti-

potent, apparently derived from precursor cells in 
the naïve state [251].

The mechanism of reprogramming of a semi-
nomatous tumor cell (including the cells of 
GCNIS) is unknown. It is likely that microenvi-
ronmental factors play an important role, sug-
gested by the observation that in the cryptorchidism, 
the percentage of seminoma depends on the loca-
tion of the testis: about 90 % in abdominal, about 
80 % in inguinal, and about 50 % in scrotal posi-
tion (both after spontaneous or surgical/hormonal 
correction of cryptorchidism) [252–254]. The age 
of clinical presentation of the tumor was the same 
as in patients with scrotal tumors without a history 
of cryptorchidism [253]. Recently, it was sug-
gested that interstitial stromal factors like 
NOGGIN might inhibit bone morphogenetic pro-
tein (BMP) in the tumor cell, whereupon repro-
gramming is initiated via NODAL signaling in 
two stages [255]. During a maturation phase, a 
fast-acting NODAL loop stimulates its own activ-
ity and temporarily inhibits BMP signaling. 
During the stabilization phase, a slow-acting 
NODAL loop, involving WNT signaling [159], 
reestablishes BMP signaling and the pluripotency 
circuitry [255]. This is in line with the observa-
tions on Cripto, the co-receptor for Nodal [256, 
257], which is highly expressed in GCNIS, semi-
noma, EC, and YST, associated with hypomethyl-
ation of the promoter and absent in teratoma where 
the promoter is hypermethylated [257].

Interestingly, inhibition of BMP is the oppo-
site mechanism from initiation of germline 
specification in the mouse embryo via expres-
sion of Bmp4 ([35] for review). This NODAL-
mediated mechanism of reprogramming implies 
that the tumor cells are exposed to interstitial 
stromal cells, which is not the case in the intra-
tubular environment, suggesting that within the 
seminiferous tubule, other factors are involved 
in reprogramming of GCNIS or intratubular 
seminoma cells. Moreover, stromal factors are 
usually not sufficient as primary seminoma is 
reprogrammed in only about 15 %, giving rise to 
a mixed non- seminoma with a seminoma com-
ponent. It seems there is more to be learned 
about reprogramming of a seminomatous pre-
cursor cell to a totipotent EGC.

Fig. 3.12 Germ cell differentiation in non-seminoma: 
TSPY-positive cells within epithelium of primitive gut- 
like structure and dispersed in surrounding mesenchymal 
tissue (TSPY, original magnification 100×) [56]
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In all anatomical sites, over half of all primary 
type II GCT are pure seminomatous tumors. In 
fact, the younger the patient population, the higher 
the proportion of seminoma: in dysgenetic gonads 
and the brain about 80 %, in the ovary 60 %, in the 
mediastinum 55 %, and in the testis about 50 %. 
Reprogramming continues even in metastatic 
seminoma of the testis: 44 % of seminoma metas-
tases eventually develop non- seminoma compo-
nents [258]. Thus, in the natural history of 
testicular type II GCT, only 30 % maintain their 
seminoma phenotype until demise of the patient. 
These observations suggest that reprogramming 
is a chance event accumulating over time, whereby 
in a non-scrotal testis, the chance of reprogram-
ming is deminished, as discussed above.

Seminomatous tumors are by definition pure; 
the only cells other than neoplastic gonocytes are 
scattered trophoblastic cells occurring in less 
than 10 % of the cases [244]. Dysgerminomas in 
the ovary, mediastinal seminomas, and germino-
mas of the brain may also contain trophoblastic 
giant cells in a small percentage [243, 259, 260]. 
Non-seminomas are often composed of more 
than one differentiation lineage, in all possible 
combinations including seminoma, so-called 
mixed non-seminomas. EC is almost always 
present and may be the only component, like its 
derived lineages, thus accounting for pure EC, 
YST, choriocarcinoma, and teratoma. The fre-
quency of EC attests to the high capacity for self- 
renewal of these totipotent stem cells of 
non-seminomas and likely explains the more 
rapid evolution and earlier clinical manifestation 
of non-seminomas than seminomas. This is well 
documented for the testicular type II GCT, where 
the age distribution for seminomas peaks at 
35 years and for the non-seminomas at 25 years. 
Mixed non-seminomas with a seminoma compo-
nent, in which reprogramming is delayed because 
it occurs in already invasive seminoma, peak at 
the median age of 30 in between non-seminoma 
and seminoma [261, 262] (Fig. 3.13). Primary 
type II GCT of the brain, mediastinum, and ovary 
show the same order in age distribution: for brain, 
the mean age for germinomas, mixed tumors 
with a germinoma component, and EC is, 
 respectively, 18, 15, and 12 years [263]; for 

mediastinum, the mean age for seminomas is 
about 30 [264] and for non-seminomas 25 years 
[265]; and for the ovary, the median age of dys-
germinoma is 22 years [266], for EC 14 years 
[267], and for mixed non-dysgerminomas with a 
dysgerminoma component in between.

Somatic tissues of non-seminomas may prog-
ress to form somatic-type malignancies that 
closely resemble their somatic counterparts, as 
will be discussed per primary site (see also Chap. 
12) (for review [244, 268]).

Seminomas and non-seminomas may metasta-
size to regional lymph nodes and from then on to 
distant organs, so-called visceral metastasis, in 
order of frequency: lungs, liver, brain, and bone 
[258]. Choriocarcinoma has a propensity for 
blood-borne metastases, which may cause the 
first clinical manifestation of the tumor [244]. 
Seminoma cells may at metastatic sites be repro-
grammed to non-seminoma in up to 44 %, as 
mentioned [258]. In non-seminoma, EC cells are 
the principal metastatic cells; likewise, in somatic 
cancers, cancer stem cells are the ones that fre-
quently metastasize [269]. This is microscopi-
cally apparent as tumor emboli are virtually 
always composed of EC cells [244]. At the site 
where these tumor stem cells will eventually 
lodge, they may resume differentiation, mimick-
ing the histology of the primary tumor. This phe-
nomenon is demonstrated in mouse models of 
type I GCT, which in this respect are also valid 
for type II GCT [270] (Fig. 3.14). The level of 
differentiation at the metastatic site is in general 
less than in the primary tumor [271], which may 
be related to the different microenvironment or 
due to selection of more metastatic EC cells. In 
support of the latter, the more distant the 
 metastases, the lesser the level of differentiation; 
in particular, visceral metastases rarely contain 
teratoma components but often consist only of 
EC cells that apparently in the metastatic process 
have progressively been selected toward stem-
ness and loss of differentiation capacity [272].

3.6.1.2  Epidemiology
Over 90 % of type II GCT occur in the testis [76], 
being the most frequent cancer of males aged 
25–45 in Western white Caucasian populations 
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Fig. 3.13 Distribution of 
age of presentation of 
testicular non-seminoma 
(dashed line), seminoma 
(solid line), and non-semi-
noma with a seminoma 
component (dotted line) 
[261]

Fig. 3.14 Inguinal lymph 
node metastasis of 
retransplantable embryo-
derived teratocarcinoma in 
the thigh of mouse; left 
panel, early metastasis, 
composed of EC cells 
only (H and E, original 
magnification ×200); right 
panel, later metastasis 
shows somatic differentia-
tion in addition to EC 
cells (H and E, original 
magnification ×100) [270]
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[273]; the remaining develop in dysgenetic 
gonads/ovary (about 4 %) and in the extragonadal 
sites: anterior mediastinum/thymus and brain 
midline/pineal gland (about 3 %) [274]. The 
youngest age of presentation is in dysgenetic 
gonads/ovary (from age four with a broad age 
distribution) [232, 266], followed by brain (chil-
dren from age 10 to adolescence) [263], medias-
tinum, and testis (adolescents and adults) [264, 
265]. Remarkably, overall the peak age is about 
30 for testicular type II GCT: 15 years later than 
the peak age for those of the brain and 5 years 
later than for those in the ovary and mediastinum. 
Type II GCT occur in patients in whom puberty 
has started or is completed, except for rare cases 
associated with disorders of sex development 
(DSD) [275], Down’s syndrome [276], and 
Klinefelter’s syndrome [277].

In each of the extragonadal sites, males greatly 
outnumber females with regard to type II GCT 
[76]. Apparently, type II GCT is very much a dis-
ease of adolescent and adult males, probably 
related to the presence of the TSPY gene on the 
Y chromosome, as will be explained later on.

The overall global incidence is 1.5/100,000 with 
a 20-fold difference between areas with the lowest 
and highest incidence [273]. The global incidence 
differences and the rising incidence are attributable 
to the testicular type II GCT [273, 278]. Geographic 
incidence differences for the other anatomical sites 
are dwarfed by those of the testis [76].

Testicular and ovarian type II GCT are bilat-
eral, respectively, in 3–5 % [279, 280] and 
10–15 % [281, 282]. Rarely, gonadal tumors may 
be combined with extragonadal type II GCT in 
the same individual, like in the patient who had a 
testicular seminoma and a germinoma of the 
pineal gland [283] and a patient with GCNIS of 
the testis simultaneous with a mediastinal non- 
seminoma [212].

Type II GCT have a strong familial compo-
nent: over 5 % of patients with a testicular type 
II GCT have a relative with a similar tumor 
[284]; an estimated 25 % of testicular cases is 
due to familial susceptibility [285, 286]. 
Familial clustering is also documented for ovar-
ian tumors, and testicular may cluster with ovar-
ian type II GCT [137]. In one family, a woman 

with an ovarian dysgerminoma had a brother 
with a mediastinal EC [287], suggesting a com-
mon etiology in these cases. The only difference 
between sporadic and familial cases is a younger 
age of clinical manifestation: 2–3 years for tes-
ticular tumors [288] and about 7 years for ovar-
ian cases [137].

Gonadal type II and I GCT may cluster in 
families as discussed under the type I GCT. An 
intriguing combination was reported by Heimdal 
et al. [284] of two brothers, one with a non- 
seminoma (type II) and the other with a sper-
matocytic tumor (type III). Spermatocytic tumor 
being so rare, this combination is probably not by 
chance but due to a pathogenetic commonality.

3.6.1.3  Anatomical Distribution
From the epidemiological data, it appears that 
type II GCT occur only in the testis, ovary, dys-
genetic gonads, anterior mediastinum, most 
likely arising in the thymus, and midline of the 
brain with a preference for the pineal gland [76]. 
Type II GCT localized in the retroperitoneum are 
not primary tumors as suggested [289] but metas-
tases from unrecognized primary testicular 
tumors [108, 211–213].

The occurrence of type II GCT in the medias-
tinum and the midline of the brain is explained by 
the migration route of PGC, also the explanation 
proposed for the anatomical distribution of type I 
GCT [54]. Clearly, the anatomical distribution of 
type II GCT is much more limited than for type I 
GCT. Probably initiation and development of the 
former require specific conditions of the micro-
environment, only offered by certain cell types in 
these sites [56]. The PGC/gonocytes giving rise 
to type II GCT are hypomethylated, erased, and 
apoptosis prone and therefore in need of specific 
supportive cells for their survival: Sertoli cells in 
the testis, granulosa cells in the dysgenetic gonad/
ovary, and perhaps equivalent cells in the thymus 
and pineal gland. What these supportive cells 
probably have in common is expression of solu-
ble and membrane-bound KITLG that may acti-
vate the KIT receptor expressed on PGC/
gonocytes, thereby enhancing their survival and 
proliferation [290–292]. Moreover, assuming a 
similar role for AKT in PGC/gonocytes as in EC, 
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KIT signaling may through phosphorylation of 
OCT4 by AKT be involved in maintenance of the 
undifferentiated PGC phenotype [293].

Type I GCT occur at all sites of type II GCT 
and in addition in many more anatomical local-
izations along the midline of the body and occa-
sionally in organs outside the midline. It seems 
that the requirements for the development for a 
type I GCT are less demanding than for a type II 
GCT, as mentioned. This may be explained by 
the PGC/gonocytes giving rise to type I GCT still 
being in an earlier stage and therefore still meth-
ylated, pre-erased, or rarely partially erased, and 
thus less fragile than the more mature, hypometh-
ylated, erased PGC from which the type II GCT 
originate. Finally, and perhaps most importantly 
in view of the animal models of type I GCT dis-
cussed earlier, the PGC giving rise to type I GCT, 
because they lack a proper niche, probably do not 
survive as such but only if reprogrammed to plu-
ripotent, primed state-ESC.

3.6.1.4  (Cyto)Genetics
Testicular type II GCT are virtually always 
peritriploid [294, 295], whereas in the ovary 
[296], mediastinum [297], and brain [197, 298], 
type II GCT may be (near)diploid or (near)tetra-
ploid, reportedly in up to 50 % in the brain [197]. 
The consistent peritriploidy of the testicular 
tumors is probably due to the older age of clinical 
manifestation than at the other sites and the long 
preceding period of intratubular development 
with concomitant karyotype evolution.

Regardless of anatomical site, type II GCT are 
characterized by gain of (parts of) the short arm 

of chromosome 12, usually in the form of an iso-
chromosome of 12p (i(12p)) [299, 300] (Fig. 
3.15). In the testis, it occurs in virtually 100 % 
[295, 301–304], in the ovary/dysgenetic gonad in 
about 75 % [296, 305, 306], in the mediastinum 
in 87 % [307, 308], and in the midline of the 
brain in 60 % [309, 310]. Also just the more prox-
imal parts of 12p may be involved, as an ampli-
con, in particular 12p11.2-p12.1, specifically in 
the invasive components [311–314]. It looks as if 
the proportion of tumors with 12p gain is 
inversely related to the age of clinical presenta-
tion. The very high proportion of 12p gain in tes-
ticular tumors is probably, like their peritriploidy, 
due to the long period of intratubular karyotype 
evolution.

Isochromosome 12p arises from an erroneous 
centromeric division during mitotic anaphase pre-
ceded by tetraploidization [315] and is of uniparen-
tal origin [316]. Among the genes involved in the 
12p aberrations are NANOG, STELLAR, GDF3, 
and EDR1, necessary for maintaining pluripotency; 
cyclin D2 and KRAS providing proliferative advan-
tage; genes involved in glucose or glycolytic 
metabolism, including GLUT3, GAPDH, and TPI1 
for energy metabolism in a low-oxygen environ-
ment [304, 313, 317, 318]; and genes involved in 
suppression of apoptosis such as EKI1, SOX5, and 
DAD-R [312, 313]. Expression of these genes 
maintains the PGC/gonocyte-phenotype of the 
tumor cells and allows them to survive and prolif-
erate in the proper niches.

With rare exceptions [306], the tumors have 
over- and underrepresentation of (parts of) chromo-
somes other than 12p. Gains involve chromosomes 

Fig. 3.15 Partial karyotype showing four copies of chro-
mosome 12 and one copy of i(12p) (left panel); schematic 
drawing of chromosome 12 and i(12p) (middle panel); in 

situ hybridization on cytopreparation of interphase 
nucleus showing three copies of chromosome 12 and two 
copies of i(12p) [244]
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X, 7, 8, 12, and 21 and losses the chromosomes Y, 
1p, 11, 13, and 18. The overall pattern is consis-
tent with early tetraploidization of the tumor cells, 
possibly as a result of malfunction of the mitotic-
meiotic switch [319], followed by net loss of 
chromosomes due to nonrandom losses and gains 
of (parts of) chromosomes [294, 320]. The large 
stretches involved, often entire chromosome 
arms, suggest that aberrant meiotic division may 
have a role in the evolution of the chromosomal 
aberrations [197].

Type II GCT are chromosomally instable, 
probably due to their hypomethylated [321] and 
polyploid genome, and therefore subject to a 
continuous reallocation of chromosomal mate-
rial between chromosomes (Fig. 3.16). Upon 
cell division, this may cause unequal distribu-
tion of chromosomal material over the two 
daughter cells, resulting in different gene dos-
age [304]. Chromosomal instability likely 
drives tumor progression of type II GCT, exem-
plified by the increasing gain of entire chromo-
some 12, 12p (among others KRAS), 12q 
(KITLG, located on 12q) [296], and 4q12 (KIT) 
[322], which renders the neoplastic gonocytes 
ultimately feeder cell independent and endows 
them with invasive capacity. Interestingly, in 
non-seminoma where because of reprogram-
ming KITLG is no longer advantageous to the 

tumor, 12q13-q22 including KITLG is often 
deleted [323]. Chromosomal instability may 
also drive cell fate decisions in the tumor cells, 
e.g., by influencing the balance of signals pro-
moting germline (BMP) versus embryonal phe-
notype (NODAL) [255], and thereby the 
reprogramming of a seminomatous cell to a 
totipotent EC cell. Finally, in a non- seminoma, 
it could be involved in lineage determination, 
e.g., by tipping the balance of normally mater-
nally and paternally expressed genes favoring 
somatic and extraembryonic/trophoblastic dif-
ferentiation, respectively.

Mutations and amplifications of oncogenes 
are rare in type II GCT, with 0.5 mutations per 
Mb [295] lower than in any other solid cancer of 
adults [324]. KIT is most frequently mutated 
and mainly involved in seminomatous GCT: 
seminoma of the testis, about 30 % [295, 324–
329]; dysgerminoma of the ovary, up to 50 % 
[326, 330–332]; seminoma of the mediastinum, 
38 % [333]; and germinomas of the brain, over 
50 % [197, 334]. In non-seminomatous tumors, 
KIT mutations are rare, less than 1.5 %; the 
same low figure was reported in gonadoblas-
toma and derived germinomas [332]. Functional 
studies have shown the KIT mutations to be 
activating [326, 327], occurring predominantly 
in the activation loop (exon 17, usually in 

Fig. 3.16 Spectral karyotype of type II GCT. Normally, 
each chromosome should have one specific color, e.g., 
chromosome 12 stains pink. In this case of a type II GCT, 
chromosome 12 contains fragments of other chromo-
somes, and fragments of chromosome 12 are present in 

other chromosomes, such as chromosomes 4 and 10. 
Asymmetric distribution of chromosomes over daughter 
cells upon cell division may result in different gene 
dosage
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codons 816, 820, 822, 823, and 825) of the sec-
ond TK domain [335].

In seminomatous tumors, mutations of KIT 
appear to be only one of the mechanisms of acti-
vation of KIT signaling and its downstream 
pathways: KRAS/RAF/MEK/ERK and AKT/
mTOR. In fact, in these tumors, KIT signaling is 
always activated either by upregulation of 
expression or genetically by mutation or amplifi-
cation [322]. In the TCam-2 seminoma cell line, 
siRNA- induced reduction of KIT expression 
reduced the viability of the cells, although only 
marginally [329].

The quoted studies report that activating KRAS 
mutations occur in a few percent of type II GCT, 
more or less at the same rate in seminomatous 
and non-seminomatous GCT. Earlier studies had 
found higher figures in testicular seminomas, 
with subclonal activating KRAS and NRAS muta-
tions in 40 % [325] and activating KRAS muta-
tions in 2/15 cases (15 %) [336] (Fig. 3.17).

KIT and KRAS mutations are mutually exclu-
sive in type II GCT of the brain [334] and per-
haps also in those of the testis [324]. Consistent 
with this observation, “large-scale” gain of 12p 
(harboring KRAS) seems also to be mutually 
exclusive with mutations of KIT both in semino-
mas of the testis [295] and germinomas of the 
brain [197]. This phenomenon may explain why 
in non-testicular seminomatous tumors, where 
gain of 12p is less frequent, KIT mutations are 
more common.

The fact that KIT mutations are predominantly 
found in seminomatous tumors and only rarely in 
non-seminomas suggests that they, like upregula-
tion and amplification of the gene, are in general 
involved in the progression of seminomatous 
tumors, rather than in initiation of type II 
GCT. Further evidences that KIT mutations are 
most often related to progression of seminoma-
tous tumors include:

In gonadoblastoma, the precursor of type II GCT 
of the dysgenetic gonad KIT mutations occurs 
in 0.6 %, the same rate as the derived dysger-
minomas [332].

The copy number of KIT (4q12) is greater in 
seminoma than in non-seminoma, and high- 

level amplification of the gene found in a cou-
ple of seminomas was not present in adjacent 
GCNIS [322].

In a case of bilateral seminoma, a KIT mutation 
was found in only one of the two tumors [337].

The report that virtually all bilateral type II 
GCT, including non-seminomas, had KIT muta-
tions, usually in codon 816 and often with the 
same mutation on both sides, has strongly incrim-
inated KIT mutations as an initiating event in 
migrating PGC prior to their reaching the genital 
ridges [338]. Later studies could not reproduce 
these findings neither in bilateral tumors of the 
testis [283, 322] nor of the ovary [330]. Other 
studies did show more (14/22, 64 %) [339] or less 
(2/7, 28 %) [340] preference of KIT mutations 
for bilateral tumors. Whole exome sequencing of 
42 testicular type II GCT [295] demonstrated KIT 
mutations in 3/9 bilateral cases (33 %) and in 
3/33 unilateral cases (9 %). It seems, after all, 
that bilateral cases do have KIT mutations at a 
somewhat higher rate than unilateral cases, in 
support of a possible initiating role of this genetic 
event. Notably, the most frequent mutation in 
bilateral cases and unilateral cases is probably 
different, respectively, Y823D and D816V [339]. 
Also in favor of initiation, the same KIT mutation 
(A816V) was found in the testicular seminoma 
and the pineal germinoma of the same patient 
[283]. This pathogenetically revealing case dem-
onstrates two significant points: initiating KIT 
mutations may occur in migrating PGC and 
extragonadal type II GCT of the brain may be 
derived from mis-migrated PGC.

Indeed, upregulation of KIT signaling [341] 
and mutant KIT [342] can transform cells; thus, it 
is very likely that KIT mutations may occasion-
ally be the initiating event in PGC, which during 
migration depend on KIT signaling for survival 
and proliferation.

It has been proposed that when a KIT mutation 
is the initiating event, the transformed PGC will 
preferentially develop as seminoma [327]. The 
rarity of KIT mutations in non-seminomas then 
could be due to the unlikeliness that a seminoma-
tous tumor cell with a KIT mutation is repro-
grammed to an EC cell. If this were true, one 
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would expect to find KIT mutations preferentially 
in GCNIS adjacent to seminomas with a KIT 
mutation and vice versa; this has not yet been 
investigated. This hypothesis would also predict 
the absence of KIT mutations in the seminoma- 
component of mixed non-seminomas where 
reprogramming of an invasive seminoma cell has 
given rise to the non-seminoma component. In the 
brain 4/8 (50 %) mixed GCT including a germi-
noma component showed a KIT mutation [197], 
suggesting that a KIT mutation is compatible with 
reprogramming in a seminomatous GCT.

Tumor suppressor genes seem to play a mod-
est role, perhaps not surprising in view of the 
early tetraploidization in the pathogenesis of type 
II GCT, making loss of heterozygosity less likely 

to develop. In addition, inactivation of tumor 
suppressor genes by promoter hypermethylation 
is rare in type II GCT [343, 344].

The overwhelming male predominance of type 
II GCT may be explained by the role of co- 
expression of OCT4 and TSPY [345–347] in their 
pathogenesis, as it appears from the study of these 
GCT in DSD patients [290, 291], cryptorchid tes-
tis [348], and complete androgen insensitivity 
(CAIS) [349] (Sect. 3.6.2.1). Notably, TSPY is 
present in about 35 copies [350] in the GBY 
region of the male-specific region on Y [351].

Similarly, in the proper niches in the thymus 
and midline of the brain where sporadic mis- 
migrated, but not yet demonstrated PGC [52], 
may survive, co-expression of these two proteins 
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may drive transformation of PGC. In view of the 
predominance of males, this pathogenetic mech-
anism is probably the most important but not the 
only one to explain the origin of type II GCT, as 
they do occur in phenotypically normal females 
[352], whereby the possibility of constitutional 
or chimeric mosaicism for the GBY region of Y 
has to be kept in mind [353]. In normal females, 
somatic mutations, in particular KIT mutations, 
may indeed be the initiating event of type II GCT 
as illustrated by the study of Hersmus et al. [332], 
where KIT mutations were found in 53 % of ovar-
ian dysgerminomas of normal women and in only 
6 % of dysgerminomas originating in gonado-
blastoma in DSD patients.

It seems that type II GCT have at least two 
fundamentally different pathways of origin: first 
and foremost, if GBY/TSPY is present, the 
“developmental pathway,” due to disturbed matu-
ration of PGC leading to co-expression of embry-
onal proteins in particular OCT4 and early 
differentiation genes in particular TSPY (fol-
lowed by overexpression of KITLG in the sup-
portive cells) [290, 291, 348, 349]; second, and 
much rarer, the “somatic mutation pathway,” in 
which mutations in oncogenes, in particular in 
KIT and RAS, are initiating events. In view of the 
mutation frequency of these two genes in non- 
seminomatous tumors, the “somatic mutation 
pathway” seems to occur in less than 2 % of the 
cases. The frequent mutations in KIT in semino-
matous GCT are in general progression related, 
as discussed. In normal females, obviously lack-
ing GBY/TSPY, initiation of type II GCT by 
somatic mutations is probably a more common 
mechanism.

A brief summary of the progression of type II 
GCT, with emphasis on the various roles of KIT 
activation, is at this point appropriate. Early pro-
gression is sustained by upregulation of KITLG, 
followed by tetraploidization, whereby probably 
gain of chromosome 12, with KITLG on 12q and 
among many others KRAS on 12p, is most sig-
nificant. In the in situ precursor lesions prior to 
the development of an invasive tumor, best stud-
ied in GCNIS, progression is driven by nonran-
dom gains and losses of parts of chromosomes 
harboring genes that promote feeder cell inde-

pendence, most conspicuously gain of 12p [315]. 
Activation of KIT (gene on 4q12) signaling via 
upregulation, mutation, or amplification of the 
gene is essential in the progression to seminoma. 
Upon reprogramming of a seminomatous cell 
into an EC cell, factors favoring seminomatous 
cells are no longer relevant, as exemplified by 
the loss of 12q, harboring KITLG in non-semino-
mas [323].

Mutations common in adult cancers, like in 
p53, appear in type II GCT when they acquire 
resistance to cisplatin-based chemotherapy [354] 
or progress to somatic-type malignancies, most 
often in (late) recurrences [244, 268, 355]. Of 
interest is the observation that expression of a 
specific set of miRNAs, i.e., 372 and 373, might 
function as an alternative for inactivation of p53 
in the pathogenesis of type II GCT [356].

3.6.1.5  Epigenetics: Including GI 
and miRNAs

Except for teratoma components, type II GCT, 
including GCNIS and gonadoblastoma, are char-
acterized by global demethylation, erasure of 
parental imprinting, and the presence of permis-
sive histone modifications [87, 357–364]. Only 
Alu repeats have been reported to be methylated 
in non-seminomas [344].

Specifically the developmentally important 
miRNAs, miR-371-373 as well as miR-302 and 
miR-367 [356, 365], which have a crucial role 
in development of embryonic stem cells, are 
highly expressed in type II GCT, including 
GCNIS [366].

Global demethylation and this typical expres-
sion pattern of miRNAs are part of the phenotype 
of PGC, underscoring the origin of type II GCT 
from these germ cells committed to totipotency 
and confirming the phenotypic similarity of PGC 
and the cells of the precursors GCNIS [367–370] 
and gonadoblastoma [290–292], respectively, in 
the testis and the dysgenetic gonad/ovary.

3.6.1.6  Sensitivity/Resistance/Residual 
Teratoma/Further Progression

Type II GCT are the solid tumors in adults with 
the highest sensitivity to DNA-damaging agents, 
where, e.g., for testicular primary tumors, cure 

J.W. Oosterhuis and L.H.J. Looijenga



55

rates >80 % are achieved in disseminated disease 
[371]. Both seminoma cells and EC cells, the 
stem cells non-seminoma, are probably highly 
accessible for DNA-targeting drugs because of 
their open chromatin structure [344, 360, 372]. 
EC cells are a factor two to four more sensitive to 
cisplatin than the clonogenic cells of cell lines 
derived from common adult cancers [372]. 
Seminomas are exquisitely sensitive to radiother-
apy and cisplatin-based chemotherapy. The typi-
cal failure of seminoma cells to repair 
radiation-induced double-stand breaks, requiring 
homologous recombination, may be related to 
premeiotic and embryonic characteristics of the 
neoplastic gonocyte. A significant change 
brought about by the reprogramming from semi-
noma to non-seminoma is that this high radiosen-
sitivity is lost.

Progression from a gonocyte to a type II GCT, 
particularly in the “developmental pathway,” 
requires fewer genetic changes than in the devel-
opment of virtually any other type of cancer. 
Significantly, the most stringent barrier to 
immortalization and thereby carcinogenesis is 
progressive shortening of telomeres due to 
repression of telomerase activity [373]. This bar-
rier is absent in PGC and ESC, as telomerase is 
indeed active, and thus immortality is part of 
their normal [374] and neoplastic phenotype, 
except for mature teratoma [375–377]. 
Accordingly, mutations are rare in testicular type 
II GCT [295, 324]; there is no selective pressure 
for loss of function of p53 [356], and the DNA-
damage response remains intact (for review 
[167, 354, 378]). In fact, it is hypersensitive, 
reflecting the physiological situation in germ 
cells and embryonal cells, characterized by 
inducibility of wild-type p53 jointly with the 
absence of p21-induced cell cycle arrest [379], 
whereby cells with damaged DNA are not 
repaired but rather eliminated due to a low 
threshold for apoptosis. This preference of apop-
tosis over DNA repair is a physiologic mecha-
nism protecting against propagation of repair 
errors via germ cells into the next generation or 
via ES cells into the developing embryo.

The open chromatin structure and the hyper-
sensitive germ cell/embryonal phenotype get lost 

upon somatic differentiation into teratoma [380, 
381, 382] of which the adult tissue stem cells are 
well equipped to survive DNA damage by pro-
longed G1 and G2 arrest and proficient repair (for 
review [167, 354, 378]). The phenomenon that 
residual teratoma after chemotherapy is usually 
associated with primary tumors with a teratoma 
component demonstrates that it results from 
selective survival of somatically differentiated 
cells rather than induction of somatic differentia-
tion due to chemotherapy [271, 383].

Primary and acquired resistance is relatively 
rare in type II GCT, probably because of the low 
mutation rate in these tumors [324, 378]. 
Mutations involved in resistance have been 
found in BRAF, correlated with MSI [384], and 
in the DNA repair gene XRXX2, promoting cis-
platin resistance in animal studies [295]. Also 
mismatch repair deficiency was found corre-
lated with treatment failure [384]. Further 
molecular mechanisms of (cisplatin)resistance, 
partly the same as occurring in spontaneous 
somatic differentiation, are: somatic differentia-
tion accompanied by downregulation of OCT4 
(e.g., as a result of hypoxia or treatment with 
retinoic acid); failure to induce the apoptotic 
factors Puma and Noxa; changes in the expres-
sion levels of miRNAs such as miR-17, miR-
106b, and miR-302a or miR-371-373; elevated 
levels of MDM2 and cytoplasmic translocation 
of p21 by phosphorylation; activation of the 
PDGFRβ/PI3K/pAKT pathway [354]. Jointly, 
these molecular mechanisms explain only the 
minority of therapy- resistant cases. Development 
of resistance usually occurs without obvious 
deviation from typical GCT morphology, mainly 
as YST but also as EC, choriocarcinoma, and 
seminoma [385].

A final important mechanism causing resis-
tance of type II GCT is further progression of 
teratoma and YST due to accumulation of muta-
tions commonly found in adult cancers. Twenty 
percent of late relapses of testicular type II GCT, 
defined as recurrences more than 2 years after 
initial complete response, contain histological 
elements resulting from further tumor progres-
sion with morphologies not typical of type II 
GCT [386], so-called somatic-type malignancies, 
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which may be derived from teratoma or YST (see 
also Sect. 3.6.2.2).

In addition to 12p aberrations [387–389], the 
somatic-type malignancies may have the genetic 
characteristics of their somatic counterparts, 
like 2q37 rearrangements in rhabdomyosar-
coma, p53 mutations in sarcomas, and t(11;22) 
translocations in PNET [355]. A somatic-type 
malignancy confined to a stage I non-seminoma, 
occurring in about 5 %, does not adversely 
affect prognosis [390].

Cisplatin-based chemotherapy of non- 
seminoma is, in fact, a model for stem cell ther-
apy of a solid tumor showing that eradication of 
the stem cell population does not necessarily cure 
the patient [268, 391]. The surviving committed 
stem cells and differentiated cells may possess or 
acquire clonogenic potential and appear as 
therapy- resistant recurrence.

3.6.1.7  Animal Models and Cell Lines
Type II GCT are probably unique for humans, as 
no convincing examples of spontaneous or 
induced type II GCT have been reported in ani-
mals. Neoplasms of primitive germ cells in mice 
[392] and fish, e.g. experimentally induced in 
zebrafish [393–395], have been reported; how-
ever, reprogramming of a neoplastic primitive 
germ cell into a totipotent GCT, a key feature of 
type II GCT, has to the best of our knowledge not 
been described.

The only experimental model for seminoma is 
the TCam-2 cell line, derived from a human pri-
mary testicular type II GCT with a seminoma 
component, which can be propagated in vitro and 
as xenograft in immune-compromised mice [396] 
due to a BRAF mutation making it more apopto-
sis resistant than seminoma cells normally are 
[397, 398]. TCam-2 cells were at the molecular 
and epigenetic level characterized as seminoma 
cells [329, 398], including the expression of 
OCT4 in combination with SOX17 [399]. As 
expected, TCam-2 cells resemble human PGC, 
cells committed to totipotency, whose fate is 
determined by SOX17 and by BLIMP1 that 
represses differentiation into endodermal and 
other somatic lineages in PGC by repressing 
SOX2 [35]. Indeed, by inhibition of BMP, 

TCam-2 cells could be reprogrammed to an EC 
phenotype (among others expression of SOX2 
instead of SOX17; genome-wide DNA methyla-
tion) via NODAL signaling [255, 400, 401], 
demonstrating in vitro what was first hypothe-
sized from pathological observation [245].

The absence of type II GCT in mice may be 
explained by the molecular mechanisms of speci-
fication and epigenetic modification of the early 
germline being different in mice and humans. 
Particularly relevant could be that Oct4 in murine 
PGC is co-expressed with Sox2, like in mouse 
ESC, whereas OCT4 in human PGC is co- 
expressed with SOX17 [35]. Moreover, as men-
tioned before, epigenetic reprogramming of 
mouse PGC during embryonic development 
takes place in 24 h [8], whereas in humans, this 
process takes several weeks [6, 236]. This situa-
tion in humans creates a longer time frame for 
neoplastic transformation of early germ cells 
with a totipotent developmental potential, which 
in addition have the obstacle that they have to 
switch from SOX17 to SOX2 before being able 
to revert to an EGC phenotype. The very frequent 
step of tetraploidization early in the pathogenesis 
of type II GCT suggests that it is important for 
maintenance and survival of totipotent tumor 
cells in the naïve state.

In mice, and possibly also in other animals, 
the time frame for generating neoplastic totipo-
tent cells is short, probably not long enough for 
the necessary steps, including polyploidization, 
to give rise to a tumor of transformed PGC/gono-
cytes. In mice, PGC/gonocytes can only give rise 
to neoplasms if they are directly reprogrammed 
to a diploid, pluripotent ESC in the primed state, 
probably because it expresses Oct4 in tandem 
with Sox2, as in ESC. As mentioned before, PGC 
that are not reprogrammed die apoptotically. The 
various teratoma models in mice are not repre-
sentative for type II GCT but rather for type I 
GCT (Sect. 3.5.1.6). Several features of the mod-
els that do help to understand type II GCT are 
addressed throughout this chapter, where 
appropriate.

In humans, the PGC/gonocyte phenotype is 
indeed fairly stable in type II GCT, as at each 
anatomical site, over half are seminomas, the 
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default state of these tumors. At the same time, 
it is obvious from the biology and histology of 
these tumors that reprogramming of a semino-
matous cell (GCNIS or seminoma, primary or 
metastatic) to a totipotent EGC-like cell giving 
rise to a non-seminoma is a regular, though 
poorly understood event. To study this phenom-
enon, more typical seminoma cell lines would 
be helpful.

Non-seminoma cell lines, derived from in vivo 
reprogrammed seminomatous precursors, have 
been less difficult to establish than seminoma cell 
lines and are readily available. The first clonal 
cell line, and probably best characterized and 
intensely studied in vitro and in xenografts, is 
NT2D1, derived from Tera-2 [402]. It has been 
widely used, among others non-seminoma cell 
lines, to study differentiation of EC cells as a 
model for human embryonic development before 
human ESC became available [403, 404].

Because of the paucity of models for type II 
GCT, their pathogenesis has been studied primar-
ily in human tumors in a multidisciplinary 
approach, combining epidemiology, pathology, 
(cyto)genetics, cell biology, and molecular 
approaches, as will be discussed per anatomical 
site in the following paragraphs.

3.6.2  Specific Aspects 
of Pathogenesis 
per Anatomical Site

3.6.2.1  Dysgenetic Gonad
Much of the pathogenesis of type II GCT has 
been learnt from the study of gonadal dysgenesis 
in DSD and its typical type II precursor lesion 
gonadoblastoma, in which the inception of these 
GCT can be closely followed. It has provided 
crucial insight into the interactive role of support-
ive cells and tumor cell-intrinsic factors in the 
pathogenesis of type II GCT.

Developmental Potential
Gonadoblastoma, originally described by Scully 
([405], for review [406]) is composed of two cell 
types: nonneoplastic immature granulosa cells 
and gonocytes. The granulosa cells serve as 

feeder cells, offering a niche for the gonocytes, of 
which some, actual gonadoblastoma cells have 
the same atypical morphology as the cells of 
GCNIS. Gonadoblastoma cells will eventually 
outgrow the nonneoplastic gonocytes and by way 
of further progression become feeder- independent 
invasive dysgerminoma, the counterpart of semi-
noma of the testis. Most type II GCT of dysge-
netic gonads are dysgerminomas (80 %); 
apparently, reprogramming to non-seminoma 
occurs in only 20 % of the cases [406].

Epidemiology/Risk Factors
Gonadoblastoma is a rare lesion that develops in 
patients with certain forms of DSD, bilaterally in 
40 % of the cases [405–408]. At high risk are 
46,XY patients with mutations in WT1 (including 
Denys-Drash, Fraser, and WAGR syndromes) 
[409–413], SRY, SOX9, DHH, ARX, RR5A1, or 
TSPYL1, resulting in a dysgenetic testis in the 
presence of Y-chromosomal sequences, although 
the male gonadal initiation/differentiation path-
way is disrupted [275, 408, 414, 415]. Patients 
with 46,XY/45,XO mosaicism with a high risk 
for streak gonads [416, 417] may develop gonad-
oblastoma in up to 50 %. Cases reported in 45,XO 
patients with a Turner phenotype probably have 
undetected mosaicism for Y-chromosomal mate-
rial containing the GBY region with the candi-
date gene TSPY within the dysgenetic gonad 
[353, 418, 419].

Anatomical Distribution
Gonadoblastoma and its derived invasive GCT 
occur at the sites of dysgenetic gonads: intra- 
abdominal, inguinal, and sometimes scrotal.

(Cyto)Genetics/Epigenetics
The cytogenetic changes in gonadoblastoma are 
similar to those of GCNIS: early polyploidization 
followed by the same nonrandom losses and 
gains of chromosomes. Overrepresentation of 
12p material, usually as i(12p), occurs when 
gonadoblastoma progresses to invasiveness. As 
opposed to GCNIS, tetraploidization does not 
always take place [290, 306]. KIT mutations 
have been identified in dysgerminoma [296, 
330], however only once in a dysgerminoma 
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originated from gonadoblastoma [332]. 
Gonadoblastoma cells have the hypomethylated 
genome with (partially) erased GI of PGC [360].

Pathogenesis
Typically, gonadoblastoma develops in those 
forms of DSD, where the presence of the GBY 
region [351] including the candidate TSPY gene 
[345–347] is combined with a disturbed gonadal 
development due to mutations or deletions in 
genes necessary for the physiological male 
(46,XY) pathway (initiated by SRY, followed by 
SOX9/WT1, SF1, and downstream targets) [275, 
408, 411, 414], which may be hereditary [420–
422]. Disturbed expression of members of this 
pathway may result in immature supportive stro-
mal cells, resembling granulosa cells [423, 424]. 
Multiple genes can be affected within a single 
patient [425]. In this hypovirilized condition, 
maturation of the gonocytes is delayed, thereby 
creating a window for co-expression of embryo-
nal genes and early differentiation genes, in par-
ticular OCT4 and TSPY [290, 291, 426], which, 
jointly with enhanced KIT/KITLG signaling 
[292], promote neoplastic transformation of 
gonocytes into gonadoblastoma cells in the dys-
genetic gonad. A combination of GCNIS and GB 
has also been reported within a single gonad 
[427, 428] (Fig. 3.18).

Again, the important lesson to be learned from 
gonadoblastoma is that there are probably two 
pathogenetic pathways for the origin of dysger-
minoma: the first, as in DSD, merely by distur-
bance of the normal development of the gonad, 
the “developmental pathway,” related to GBY 
enabling co-expression of TSPY and OCT4, and 
the second, much rarer pathway, the somatic 
mutation pathway involving mutations, particu-
larly in KIT. The somatic mutation pathway is 
probably more frequent in normal females, as 
discussed earlier (Sect. 3.6.1.4) [332].

3.6.2.2  Testis
Developmental Potential
Slightly over 50 % of testicular type II GCT are 
pure seminomas, about 15 % combine seminoma 
with a non-seminoma component, and the 

remainder lack seminoma and are composed of 
one or more embryonal (immature and mature 
somatic tissues) or extraembryonal (YST and 
choriocarcinoma) lineages; primitive germ cells 
are occasionally encountered [247]. Most testicu-
lar non-seminomas combine two or more lin-
eages; the most frequent pure non-seminoma is 
pure EC, followed by pure teratoma; pure chorio-
carcinoma and pure YST are rare [244]. Somatic- 
type malignancies occur in primary testicular 
non-seminomas in 3–6 % [390], in postchemo-
therapy RPLND in 8 % [429]. In late recurrences, 
the percentage is over 20 % [386]. Over half of 
somatic-type malignancies are sarcomas [388], 
the most frequent types being rhabdomyosar-
coma, followed by angiosarcoma, and leiomyo-
sarcoma [430]. Next in frequency are carcinomas 
of various types and small blue round cell tumors 
[388, 390, 430–433]. Rarely two somatic-type 
malignancies develop simultaneously in late 
recurrences [268]. About 75 % are derived from 
teratoma ([268] for review); in 25 %, progression 
has occurred in YST, giving rise to glandular and 
sarcomatoid YST, mimicking somatic-type 
malignancy [434, 435].

Epidemiology
The lowest incidence figures of <0.5 for testicu-
lar type II GCT are found in Africa and parts of 
Asia. The incidence is a factor 10–20 higher 
among most white Caucasian populations in 
Western societies, like in Europe, North America, 
Australia, New Zealand, and parts of South 
America. The highest figures of >12 are recorded 
for Denmark, Norway, and Switzerland [273, 
436–438]. Worldwide, the incidence has 
increased in the last four decades, in fact more 
than doubled in most Western and Northern 
European countries. In earlier low-incidence 
countries like Spain, Slovakia, and Slovenia, the 
rates are increasing rapidly and approaching 
those of Western Europe [273, 278]. In the US, 
the incidence among Caucasians is 6.6 versus 
1.2 in blacks. In both groups, the rates have 
increased in the past 30 years [76, 439].

The large incidence differences among ethnic 
groups within the same society, e.g., Caucasians 
and blacks in the USA [76], demonstrate the 
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importance of genetic factors. On the other hand, 
the geographic pattern of increasing incidence of 
testicular type II GCT, the changing incidence 
among certain immigrant populations [440–442], 
points to an important causative role of environ-
mental factors, associated with modern, Western 
lifestyle that probably favor hypovirilization of 
the developing male embryo [167, 370, 443]. 
Indeed, the young age of the patients, the bell- 
shaped age distribution, the decreased risk for 
testicular type II GCT in Danish men born during 
World War II [444] and similar birth cohort 
effects in other populations, and the evidence that 
type II GCT are derived from gonocytes; all these 
observations point to their initiation during 
embryonal development.

Risk Factors
Risk factors for type II GCT of the testis have 
recently been comprehensively reviewed [445, 
244]. Briefly, features of TDS [229] confer a 
higher risk: cryptorchidism (OR 4.3) [446]), pre-

vious inguinal hernia (OR 1.63), as well as hypo-
spadias [447], previous testicular cancer 
(testicular type II GCT are bilateral in 3–5 %) 
[448], impaired spermatogenesis [449], and a 
family history of testicular type II GCT [286] 
which encompasses urogenital anomalies as in 
TDS [450]. TDS is considered as a relatively 
mild disturbance of sex differentiation, due to 
hypovirilizing factors in utero. This is consistent 
with the observation that gene mutations that 
cause DSD in 46,XY individuals, such as AR- 
mutations, confer a (somewhat) higher risk for 
type II GCT. Also in individuals with normal 
sexual development variants in AR, ESR2, 
HSD17B4, and CYP19A1, involved in steroid 
signaling or metabolism, confer an increased risk 
of testicular type II GCT [451, 452].

Factors increasing risk with a lower OR, in the 
order of 1.3 or less, which also one way or another 
may relate to disturbed hormonal conditions in 
utero are maternal bleeding, low birthweight, 
short gestational age, twin, tall stature, and being 

Fig. 3.18 Co-expression of OCT4, TSPY, and KITLG in 
gonad with gonadoblastoma (left half of the photo’s with 
granulosa cells and Call-Exner bodies between the neo-
plastic gonocytes) and GCNIS (right half of the photo’s 

with neoplastic gonocytes in the spermatogonial niches); 
clockwise: H and E, OCT4 (brown), KITLG (brown), and 
TSPY (red), ×200 [427]
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first born child. Sibship size is protective, the 
more siblings the lower risk, OR 0.80, as is late 
puberty, OR 0.81 [453]. There is sufficient evi-
dence to support a relation between testicular 
type II GCT and three widely used hormone dis-
ruptive organochlorine insecticides (dichlorodi-
phenyldichloroethylene, cis-nonachlor, and 
trans-nonachlor), which may have a hypoviriliz-
ing influence on a developing male embryo in a 
specific window of development (masculiniza-
tion window) [454].

The two identified occupational risks (fire 
fighting and aircraft maintenance) [455] and 
cannabis smoking [456] obviously affect males 
postnatally, in adolescence and adulthood. It 
might be assumed that these risk factors modify 
the development of already existing precursor 
lesions. Cannabis smoking is particularly inter-
esting because it selectively increases the risk of 
non- seminoma, suggesting that it might pro-
mote reprogramming of a seminomatous pre-
cursor cell.

Genetic Susceptibility
Familial risk is among the highest in cancers 
[457, 458]: having a brother with a testicular type 
II GCT confers a three to eight times and a father 
a two to four times higher risk. For comparison, 
having a brother with colon cancer increases ones 
risk by a factor two. Yet, despite substantial 
efforts in international collaborations, only few 
low-penetrance gene mutations were identified 
by comparing familial and sporadic cases. The 
first identified risk locus was the gr/gr deletion in 
azoospermia factor c region of Y [459], and 
recently a deleterious probably causative germ-
line mutation in PDE11A was discovered in 
familial and sporadic cases [460]; both mutations 
explain only a few percent of the familial cases.

Indeed, the small size of affected families, 
usually a father and a son or two brothers, and the 
high risk in monozygotic compared to dizygotic 
twins [457] are consistent with multiple autoso-
mal recessive low-penetrance susceptibility 
genes [286, 288, 461–463].

The polymorphic gene variants increasing 
susceptibility to type II GCT shown in recent 

genome-wide association studies (GWAS) are 
also consistent with genetic susceptibility being 
the result of multiple common, relatively low- 
penetrance gene variants. The first variants 
(KITLG, BAK1, SPRY4) were demonstrated in 
2009 by two independent studies [195, 196]. As 
of 2015, over 30 variants of genes for proteins 
which are plausibly involved in the biology of 
testicular type II GCT have been published, e.g., 
KIT/KITLG signaling (KITLG, SPRY4, BAK1, 
PDE11A) in relation to PGC survival and prolif-
eration; DMRT1 variants, involved in sex deter-
mination and regulation of meiotic division; 
genes involved in telomere maintenance, testis 
differentiation, and sex determination (such as 
HPGDS), among others [288, 376, 464–467]. 
Together, these account for about 15 % of the 
excess familial risk to brothers of testicular type 
II GCT patients and 22 % of the excess to sons of 
testicular type II GCT patients [468]. 
Remarkably, these variants have no association 
with the established phenotypic risk factors: 
family history, cryptorchidism, inguinal hernia, 
age at diagnosis, and bilateral testicular type II 
GCT [469]. TDS, including cryptorchidism, 
hypospadias, male infertility, impaired testicular 
development, and testicular type II GCT [229] 
may be associated with variants of TGFBR3 and 
BMP7 [470] and variants in genes involved in 
steroid signaling but not with the established risk 
variants for testicular type II GCT.

Importantly, different distribution of variants 
in KITLG and AR in Caucasian and black popula-
tions may partly explain the 20-fold ethnic differ-
ence in the incidence of testicular type II GCT 
[195, 196].

It seems that some of the variants primarily 
target the PGC/gonocyte, in particular the KIT/
KITLG pathway and others primarily the sup-
portive cells (Sertoli and Leydig cells in the tes-
tis), and that homozygosity for risk alleles in the 
two pathways confers the highest risk. For exam-
ple, men with testicular type II GCT have a 14 
times higher chance than controls to be homozy-
gous for the two risk alleles, KITLG (PGC/gono-
cyte survival and proliferation) and DMRT1 
(testicular development) [464].
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Pathogenesis: Initiation
There are striking similarities between the patho-
genesis of type II GCT in dysgenetic gonads and 
the testis. Testicular type II GCT are considered 
part of TDS [229, 471], which as mentioned 
above also includes cryptorchidism, hypospa-
dias, impaired testicular development, and male 
infertility, broadly, features of hypovirilization. 
In fact, the changes in the testis can be considered 
as a mild form of gonadal dysgenesis [411, 445, 
472], supposedly resulting from an interplay 
between genetic factors, such as mutations in the 
AR [473], and endogenous and environmental 
hypovirilizing factors exerting their influence in 
utero, foremost on the stromal cells of the devel-
oping male gonad, so-called genvironmental 
interactions [474]. Of note, hypovirilization may 
not only occur during embryonic development, 
as DMRT1 is required to prevent female repro-
gramming of the postnatal mammalian testis 
[475, 476], conceivably with impact on the post-
natal development of testicular type II GCT.

In keeping with the above observations, the 
association between increased risk for testicular 
type II GCT and impaired fertility might be due 
to variants within DMRT1 [464], comparable to 
the role of Dmrt1 in fertility and testicular tera-
toma formation in 129Sv mice [189]. Similarly, 
there might be a parallel between the loss of 
function mutation of steel/Kitlg in this mouse 
model, impairing fertility and enhancing tera-
toma formation [185] and variants in KITLG in 
men. Variants in KITLG resulting in loss of func-
tion may disturb the function of Sertoli cells and 
the germ cell niche, thereby impairing fertility 
and promoting initiation of type II GCT.

Specifically, the disturbed Sertoli cells/niche 
might interfere with downregulation of OCT4 in 
gonocytes relocated from the center of the 
tubules to the prespermatogonial niche, thereby 
creating a window for co-expression of OCT4 
and TSPY, assumed to respectively protect the 
germ cells from apoptosis and to stimulate their 
proliferation [84, 477]. Co-expression of these 
proteins is in due time accompanied by 
increased expression of KITLG by the stromal 
component and/or via an autocrine loop, which 

supposedly further stimulates the neoplastic 
transformation. The association of a higher risk 
for testicular type II GCT with SNP variants in 
KITLG [195, 196], for example, might be 
mechanistically explained by interference with 
KIT signaling in Leydig cells and, as mentioned 
above, a disturbed interaction between Sertoli 
cells and gonocytes [348, 377]. Interestingly, 
one of the likely related variants within KITLG 
concerns a binding site for p53 [478], whereby 
the expression level of this allele of KITLG 
might increase under conditions of stress dur-
ing early development, such as TDS/DSD 
[415], via upregulation of p53.

Pathogenesis: Early Development
The early morphological changes in gonocytes 
undergoing neoplastic transformation have been 
studied in patients with various degrees of andro-
gen insensitivity, including complete insensitiv-
ity [349], and in infants with cryptorchid testes 
[348]. In both conditions, a continuum from 
delayed maturation of gonocytes, via pre-GCNIS 
to GCNIS is observed. In delayed maturation, 
gonocytes located centrally in the tubules still 
express OCT4 beyond the normal age limit of 
6 months [29]; in pre-GCNIS, gonocytes that 
have migrated into the spermatogonial niche at 
the basement membrane fail to switch off OCT4 
expression and start to co-express OCT4 and 
TSPY in a heterogeneous pattern, accompanied 
by focal expression of KITLG (Fig. 3.19); in 
GCNIS, gonocytes located in the spermatogonial 
niche consistently express OCT4, usually with 
co-expression of TSPY and combined with dif-
fuse expression of KITLG. The GCNIS cells 
meet the established morphological criteria, 
including enlarged, angulated nuclei. The change 
of nuclear morphology in the progression step 
from pre-GCNIS to GCNIS suggests that poly-
ploidization takes place at this stage. These 
observations are consistent with the hypothesis 
that gonocytes moving from the center of the 
tubules into the prespermatogonial niche do not 
turn off OCT4, because the malfunctioning 
Sertoli cells do not give the proper licensing sig-
nal toward male gametogenesis [479].

3 Germ Cell Tumors from a Developmental Perspective



62

Pathogenesis: GCNIS, Progression to 
Seminoma and Non-seminoma
GCNIS is the common precursor of seminoma 
and non-seminoma of the testis [480, 481], 
which is bilateral in 3–5 % of the patients 
[448, 482, 483]. This high propensity for bilat-
erality is probably because the germ cell niche 
is disturbed in both testes as a consequence of 
TDS. Consistent with this assumption is the 
fact that in DSD, where the disturbance of the 
niche is more severe, bilaterality of gonado-
blastoma may occur in up to 40 % [405]. 
GCNIS has a heterogeneous phenotype due to 
the plasticity of GCNIS cells reflecting differ-
ent stages of maturation of primitive germ 
cells [484–487]; a subset of GCNIS cells 
expresses spermatogonial markers [488]. 
GCNIS will probably always progress to an 
invasive type II GCT if left untreated [482, 
489], although not proven so far. As yet, no 
features have been found that predict whether 

it will progress to (intratubular) seminoma or 
non-seminoma.

As in dysgenetic gonads, the neoplastic trans-
formation of gonocytes does not require somatic 
mutations but rather results from a disturbed 
timing of expression of critical embryonal and 
differentiation proteins during development, as 
discussed. Therefore, type II GCT of the testis 
can be considered developmental tumors [370]. 
Indeed, somatic mutations are rare and limited to 
KIT and KRAS [295, 322–326, 490], whereby 
activating KIT mutations are found in about 
25 % of seminomas [327] and rarely in non- 
seminomas [340]. In seminomas, the KIT path-
way is always activated via mutation or 
amplification of KIT or via overexpression of the 
protein [322, 491]. KRAS mutations are in a few 
percent found both in seminomas and non-semi-
nomas. Mutation of KRAS does not seem to 
occur in combination with high-level amplifica-
tion of the gene [324] or overexpression of the 
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Fig. 3.19 Morphology and expression of OCT3/4, TSPY, 
and KITLG in delayed-matured gonocytes and pre- 
GCNIS. Delayed maturation and pre-GCNIS puts gono-
cytes at risk for malignant transformation without the 
need of mutations by creating a window for co- expression 
of OCT3/4, TSPY, and KITLG. (a) Delayed maturation 
with OCT3-/4-positive germ cells (brown) all in the center 
of the tubules, gonad of 10-month-old individual. (b) 
Same area as in A double stained for OCT3/4 (orange) 
and TSPY (blue) which are not co-expressed within the 

same cells. (c) Same area as in A and B negative for 
KITLG. (d) Pre-GCNIS with most of the OCT3-/4- 
positive germ cells are attached to the basal lamina, gonad 
of 9-year-old individual. (e) Detail of the same area as in 
D double stained for OCT3/4 and TSPY, heterogeneity of 
the germ cells within particular tubules – cells are either 
positive for both OCT3/4 and TSPY (arrow) or only for 
TSPY (double arrow). (f) Same area as in E strongly posi-
tive for KITLG (red) [349]
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protein [329]. In testicular type II GCT, KIT and 
RAS mutations may be mutually exclusive [324].

The much higher frequency of activating KIT 
mutations in seminoma than non-seminoma sug-
gests that this genetic event does not take place in 
an early stage of tumor evolution shared by semi-
noma and non-seminoma. Rather, as discussed 
before, mutation of KIT is part of progression of 
seminoma, as is amplification of the gene, and 
upregulation of its expression [322] resulting in 
KIT activation, characteristic for seminoma. 
Since it is related to seminoma progression, it is 
understandable that non-seminomas rarely har-
bor KIT mutations, for they offer no advantage 
after reprogramming of a seminomatous tumor 
cell into an EC cell. In the rare non-seminomas 
with a KIT mutation, reprogramming probably 
took place in a seminomatous tumor cell that 
already had acquired a KIT mutation. Indeed, one 
of the first two type II GCT in which an activating 
KIT mutation was demonstrated was an ovarian 
mixed dysgerminoma/YST, with the mutation in 
both components [326].

The observation that KIT mutations are usu-
ally found in seminomas that lack large-scale 12p 
amplifications [295] could mean that for semino-
mas, KIT mutations and 12p gain are alternative 
pathways of tumor progression.

The occurrence of the same KIT mutations in 
bilateral testicular tumors demonstrates that a 
KIT mutation can be the initiating event taking 
place in PGC prior to their arrival in the gonadal 
ridges [283, 339, 340]. Even more convincing, as 
already referred to, the same KIT mutation was 
found in the testicular seminoma and the pineal 
germinoma of the same patient [283].

GCNIS stays more or less dormant until 
resuming further progression upon hormonal 
stimulation at puberty [492]. In prepubertal 
GNCIS, about a quarter of the tumor cells express 
DMRT1, a key regulator of the mitosis-meiosis 
switch, whereas in adult cases, this figure drops 
to a few percent. GCNIS cells that express 
DMRT1 are not mitotically active and considered 
dormant [486].

In so-called isolated GCNIS that has not yet 
given rise to an invasive type II GCT [493] and in 
GCNIS confined to the spermatogonial niche 
[304], there is no overrepresentation of 12p (Fig. 
3.20). Gain of 12p coincides with the GCNIS 
cells becoming feeder independent, apparent 
from their leaving the spermatogonial niche and 
their capacity to float in the lumen of the seminif-
erous tubules [304], usually adjacent to an inva-
sive GCT [493] (Fig. 3.21). The next step in the 
“default development” of a testicular type II GCT 

Fig. 3.20 Comparative genomic hybridization on 
GCNIS cells in the niche (left panel) and on three invasive 
type II GCT, from left to right EC, teratoma, and YST 

(right panel). Gain of 12p is absent in GCNIS, while it is 
present in invasive type II GCT [244]
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is the formation of intratubular seminoma, 
whereby the GCNIS cells completely fill and dis-
tend the seminiferous tubules and oust the Sertoli 
cells. Intratubular seminoma may contain lym-
phocytes like invasive seminoma. Though highly 
proliferative it virtually never shows necrosis, 
which is practically always present in intratubu-
lar non-seminoma. Apparently, intratubular sem-
inoma cells, like normal gonocytes, are well 
adapted to the intratubular low-oxygen environ-
ment [244].

The trigger for invasive growth of intratubular 
seminoma is not known. Morphologically, inva-
sion of seminoma has different appearances: one 
whereby intratubular seminoma extends the sem-
iniferous tubule to the point of breaching the 
tubular wall [262] and another, microinvasive 
seminoma in which the tumor cells appear as 
single cells in the interstitial stroma of the testis 
[244, 494–496], and combinations of both. Just 
like intratubular seminoma [262], microinvasive 
seminoma can be found adjacent to a non- 
seminoma in about 20 % [494]. Microinvasive 
growth may be due to expression of matrix metal-
loproteinase 9 and plasminogen activator, uroki-
nase, by the tumor cells [495].

Upon invasion, seminoma invariably elicits 
an inflammatory host response, usually com-
posed of lymphocytes, macrophages, plasma 
cells, and often a granulomatous reaction. Its 
significance remains controversial. Recently, it 
was suggested that it is not involved in active 
immune surveillance [497]. An earlier study 

demonstrated clonally expanded cytotoxic T 
cells and evidence of specific and functional 
T-cell responses operating in seminoma, indicat-
ing that the inflammatory infiltrate is indeed 
involved in the immunological control of the 
tumor; however, class I MHC molecules could 
not be demonstrated on the seminoma cells 
[498], making them invisible to cytotoxic T 
cells. From histology, the infiltrating lympho-
cytes seem capable to cause complete regression 
of seminoma, leaving the scar of a so- called 
burnt-out tumor. GCNIS and intratubular semi-
noma may undergo regression as well, whereby 
the tubules become atrophic and in the end com-
pletely fibrosed. This host reaction, and probably 
the older age of the patients, explains why 
GCNIS is usually much less extensive in associ-
ation with seminoma than non-seminoma and 
even absent in up to 15 % of the cases [262]. The 
few lymphocytes accompanying GCNIS adja-
cent to non-seminoma, as opposed to the many 
adjacent to seminoma, suggest that the host 
response is indeed elicited by the seminoma, 
which upon invasion disturbs the mechanisms of 
immune privilege in the testis [499]. GCNIS, 
composed of tumor cells that are phenotypically 
similar to seminoma cells, is probably second-
arily involved. It seems less likely that the 
GCNIS cells themselves, within the intact immu-
nologically privileged testis, trigger a reaction of 
the host.

The host response is probably clinically rel-
evant in view of the 10 years difference of the 
median age of presentation of seminoma in 
patients with AIDS and the general population: 
respectively, 25 and 35 years. In AIDS patients, 
seminoma and non-seminoma present at the 
same age, 25 years, also the age of presentation 
of testicular non-seminoma in the general popu-
lation. In addition, a higher risk for dissemi-
nated seminoma has been reported in patients 
with AIDS, suggesting a protective role of an 
intact immune system [500]. Invasive non-sem-
inoma also contains inflammatory cells; how-
ever, the surrounding parenchyma is much less 
involved than with seminoma, probably explain-
ing why GCNIS is often very extensive and 
rarely absent [262].

Fig. 3.21 GCNIS cells in the spermatogonial niche and 
floating in the seminiferous tubules (direct alkaline phos-
phatase, ×100)
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Pathogenesis: Non-seminoma Due to 
Reprogramming Seminomatous 
Progenitor Cell
Deviation from the default development of semi-
noma occurs when a seminomatous cell, either a 
GCNIS cell or an invasive or metastatic semi-
noma cell, is reprogrammed to an EC cell, the 
stem cell of non-seminoma. How often a primary 
testicular non-seminoma is due to reprogramming 
in an invasive seminoma (Fig. 3.22) can be esti-
mated from the percentage of mixed non-semino-
mas with a seminoma component, which is about 
15 %. This figure could be an underestimation, 
since microinvasive seminoma may be over-
looked [495, 496]; on the other hand, because a 
mixed non-seminoma could be a collision tumor 
of separately developed seminoma and non-semi-
noma, 15 % may be too high an estimate. The 
remaining non-seminomas are probably due to 
reprogramming of an intratubular seminomatous 
cell. Indeed, the intratubular non-seminoma stage 
can be demonstrated in the parenchyma adjacent 
to a non-seminoma in about 15 % of the cases, 
most often adjacent to small tumors, suggesting 
that large tumors have overgrown their intratubu-
lar precursor [262]. Intratubular reprogramming 

cannot be explained by downregulation of BMP 
in GCNIS cells due to interstitial stromal factors 
[255]. Here, the possibility of unequal distribution 
of chromosomal material over the two daughter 
cells [501] might be considered, which would 
result in a low gene dosage of BMP in one of 
them, starting off NODAL signaling and thereby 
reprogramming. In invasive seminoma, the mech-
anism could be the same or BMP could be down-
regulated by exposure to interstitial stromal 
factors like NOGGIN [255].

With sporadic exceptions, intratubular non- 
seminoma is composed of pure EC that is partly 
necrotic and often calcified. The invariable necro-
sis indicates that EC cells are less adapted to the 
intratubular low-oxygen environment than 
GCNIS/seminoma cells. It is conceivable that 
hypoxia-induced factors like MET trigger inva-
sion of intratubular non-seminoma. Remarkably, 
only upon invasion, the EC cells start to differen-
tiate and display the totipotent nature of naïve- 
state EGC due to differentiation-inducing factors 
in the stroma of the testis and/or loss of 
differentiation- inhibiting factors in the intratubu-
lar microenvironment (Fig. 3.23). Possible stro-
mal factors are TGF-β, FGF, and BMP, which 

Fig. 3.22 Foci of EC, teratoma (TE), YST, and choriocar-
cinoma (CC) in an otherwise typical testicular seminoma 
demonstrating the phenomenon of reprogramming to non- 
seminoma in an invasive seminoma. The reprogramming 
at multiple sites and into different lineages may be due to 

aneuploidy of the tumor cells, which upon cell division 
give rise to daughter cells with different chromosomal 
constitutions (middle panel, H and E ×1; YST, EC, TE, 
and CC H and E ×200)
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may derepress differentiation-promoting genes 
by removing polycomb repressive complexes 
recruited to the promotor sites of these genes by 
the pluripotency proteins OCT4, SOX2, and 
NANOG [502]. Noteworthy, spontaneous and 
experimental teratomas in 129 mice also start as 
intratubular EC and begin to differentiate when 
the seminiferous tubules are extended and dis-
rupted [81, 183] (Fig. 3.24).

Pathogenesis: Summary
Most of the testicular type II GCT have a devel-
opmental origin in the context of TDS, a condi-
tion of mild undervirilization, whereby 
inadequate signaling by Sertoli cells interferes 
with normal maturation of gonocytes, creating a 
window for co-expression of embryonal and dif-
ferentiation proteins, in particular OCT4 and 
TSPY, combined with upregulation of KITLG, 
resulting in transformation of gonocytes. 
Polyploidization is an early event, possibly due 
to dysfunction of the mitotic to meiotic switch 
[319, 486], providing survival advantage to the 
gonocytes in the suboptimal niche. In combina-
tion with their hypomethylated state [321], it 
endows the transformed gonocytes with chromo-
somal instability, which drives tumor progression 
through nonrandom gains and losses of (parts of) 
chromosomes, most conspicuously gain of 12p. 
This chromosomal region harbors a cluster of 

genes whose products via various mechanisms 
convey further proliferative and survival advan-
tage to the neoplastic gonocytes, resulting in 
GCNIS and intratubular seminoma that by default 
develops into seminoma. Seminomas may harbor 
mutations predominantly in KIT in up to 25 %, 
probably most often as a genetic mechanism of 
tumor progression and only rarely as initiating 
event. Non-seminoma originates when a neoplas-
tic gonocyte, usually within a seminiferous 
tubule, is reprogrammed to an EC cell, the totipo-
tent stem cell of non-seminoma, giving rise to 
intratubular EC that upon invasion of the testicu-
lar interstitial tissue may give rise to all extraem-
bryonal and somatic lineages and occasionally 
the germ lineage.

3.6.2.3  Ovary
Developmental Potential
Ovarian GCT containing dysgerminoma, EC, or 
choriocarcinoma, either alone or in various com-
binations with or without YST and/or teratoma, 
are type II GCT with totipotent developmental 
potential and can be classified as such on histo-
logical grounds. Solid tumors solely composed 
of (immature) teratoma and/or YST can only be 
classified with certainty as a type II GCT by dem-
onstrating gain of 12p [503]. However, age and 
histology do give clues, since in general, pure 
immature and/or mature solid teratomas are of 
type I, as they typically lack gain of 12p ([296, 
503] for review). Of the pure YST, about 40 % 
have 12p gains and are therefore type II, while 
the remaining 60 % are best classified as type I 
GCT [296]. Tumors combining teratoma and 
YST can also be of either type; those in infants 
are likely progressed type I teratomas lacking 
12p gain, while the postpubertal ones are likely 
non-germinomatous type II GCT with 12p gain 
[296, 305, 503]. As mentioned earlier, in the case 
of a pure mature solid teratoma, it is important to 
make this distinction because a type I teratoma is 
benign and a type II teratoma is malignant.

The ratio between dysgerminoma and non- 
dysgerminoma, and thus the rate of reprogram-
ming of dysgerminoma, is difficult to establish 
because usually epidemiologic studies do not 

Fig. 3.23 Differentiation of intratubular non-seminoma 
upon invasion. Intratubular component consists exclu-
sively of EC (right lower corner); upon invasion develop-
ment of teratoma elements, YST, and trophoblastic giant 
cells, in addition to EC. (H and E, ×100)
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specify the histology to the degree that the dis-
tinction between type I, II, and IV GCT is possi-
ble. The report by Smith et al. [504] is a notable 
exception: among 1262 malignant ovarian GCT, 
the 449 pure immature teratomas and at least 110 
pure YST (60 % of 183, based on Kraggerud 
[296]) should be considered as type I GCT, while 
the 37 teratomas with malignant degeneration 
should be type IV GCT with a somatic-type 
malignancy. That leaves 666 type II GCT: 414 
dysgerminomas (62 %) and 252 non- 
dysgerminomas (73 pure YST, 67 mixed GCT, 
52 EC, 27 choriocarcinomas, and 33 EC plus 
teratoma, so-called teratocarcinomas). The per-
centage of pure dysgerminoma is higher than the 
slightly over 50 % seminomas within testicular 
type II GCT. It suggests that reprogramming in 
ovarian dysgerminoma, which is convincingly 
documented [505–508] and also apparent from 
the mixed GCT with a dysgerminoma component 
[504], occurs less frequently than in GCNIS and 
seminoma of the testis. The spectrum of histo-
logical types in ovarian and testicular non- 
seminomatous GCT is similar; however, the 
distribution is different: mixed non-seminoma is 
the most frequent histology in the testis and pure 
YST in the ovary; pure choriocarcinoma seems to 

be more frequent in the ovary than in the testis. In 
mixed tumors, the percentage of tumors combin-
ing dysgerminoma with just immature teratoma 
or YST seems to be higher than the combination 
of seminoma with only immature teratoma or 
YST in the testis (Chap. 6).

Epidemiology
In the ovary, the second most frequent site of type 
II GCT after the testis, the incidence is about 
20-fold lower than in the testis [76, 137, 509, 
510], with reportedly a slight decrease over the 
past 30 years [76, 504]. Data from South East 
England for about the same period suggest a rate 
of increase comparable to that of testicular type II 
GCT [509]. However, the quoted data on inci-
dence trends are not representative for type II 
GCT, because in neither of the studies, the trends 
were specified for the different types of GCT of 
the ovary. The incidence of dysgerminoma in 
England was reported stable between 1971 and 
1984 [511] and in the same period increasing in 
Los Angeles County [512]. Therefore, the patho-
genetically important question whether or not 
ovarian type II GCT parallel the increasing inci-
dence of those of the testis in recent decades, due 
to comparable gene-environment interactions, 

a b

Fig. 3.24 (a) Intratubular GCT, composed of EC (arrow) 
in testicular tubule of 19-day fetus of 129 strain mouse. 
(b) GCT (in 19-day fetus) which has enlarged and rup-

tured seminiferous tubule in which it arose and is com-
posed of EC and also more differentiated cells forming 
tubules [81]
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remains open. In the US, dysgerminoma seems to 
be more frequent in whites and other nonwhites 
than in blacks [76], suggesting an ethnic influ-
ence, just as in testicular type II GCT.

Type II GCT of the ovary may arise before 
puberty, likely in DSD [275, 513] (see also Sect. 
3.6.3). DSD may remain unrecognized, as in the 
case of two phenotypically normal females hav-
ing a 46,XX karyotype, who well after puberty 
were diagnosed, respectively, with gonadoblas-
toma with a germinoma [514] and gonadoblas-
toma with a mixed type II GCT [515]. 
Ninety-five percent of ovarian type II GCT 
become manifest after puberty in women with a 
normal 46,XX karyotype [516], a couple of 
years earlier than in males, in accordance with 
the earlier onset of puberty in females [232, 
266, 517]. Age of presentation is in the typical 
order: first, the pure non-dysgerminomas, fol-
lowed by the mixed non- dysgerminomas/dys-
germinomas, and then the pure dysgerminomas 
with a median age of the latter close to 20 years 
[511]. Dysgerminomas and non-dysgerminomas 
are bilateral in over 6 % [129, 131, 518–520], a 
slightly higher figure than for bilateral type II 
GCT of the testis, probably due to the contribu-
tion of gonadoblastoma- related tumors, as 40 % 
of gonadoblastomas are bilateral [405]. In fact, 
in a retrospective study, one out of three bilat-
eral dysgerminomas was associated with bilat-
eral gonadoblastoma [521].

Familial cases are rare: among 18 families 
retrieved from the literature with at least one 
female with a GCT [137, 522, 523], eight 
involved only females and ten both females and 
males (in about 0.2 % of the pedigrees of famil-
ial testicular cancer, a female member has a 
GCT [524]). The information on the histology 
of the tumors provided in the reviews and the 
quoted original case reports allows the distinc-
tion between GCT of types I and II. In 12 of the 
families, at least one case concerned a dysger-
minoma, combined with various type II GCT of 
the gonads in close relatives of both sexes; 
remarkably, one relative had a mediastinal 
EC. Also noteworthy, in three families, type II 
GCT clustered with at least one ovarian type I 
GCT: three pure (immature) teratomas and in 

two families with pure YST, which may have 
been of type I. (The remaining family consisted 
of a woman with an ovarian type I immature 
teratoma and her baby with a type I immature 
teratoma of the brain [136].) These families 
demonstrate two significant points: type II GCT 
of the ovary may cluster with similar testicular 
and extragonadal GCT and also with type I GCT 
of the ovary.

Risk Factors
An established risk for (bilateral) ovarian type II 
GCT are the various forms of DSD in phenotypic 
females who have the GBY region, containing 
TSPY, in their genome, as discussed earlier.

Less certain is that a disturbed hormonal 
milieu in the mother increases the risk of malig-
nant ovarian GCT in daughters, comparable to 
the role of hormone disruption in the etiology of 
TDS and type II GCT of the testis [229, 525]. 
Reported risks are maternal use of exogenous 
hormones during pregnancy (OR 3.6), maternal 
obesity (OR 2.7), early regular menstruation after 
menarche (OR 1.8), and age at index pregnancy 
under 20 years (OR 2.8) [526]. Other studies 
have also reported association of malignant ovar-
ian GCT with reproductive risk factors such as 
parity, use of contraceptives, ages at first and last 
births, and time since last birth [527–529]. A 
more recent study could not link levels of circu-
lating sex hormones with risk of ovarian germ 
cell cancers [530]. Most studies do not distin-
guish between type I and II GCT, making the 
results difficult to interpret.

As discussed above, type II GCT of the ovary 
lack the strong familial risk of those of the testis. 
Sporadically, type II and I GCT cluster in fami-
lies. Both tumor types are so rare that the cluster-
ing is probably not by chance, rather these 
families have susceptibility for both type I and II 
GCT, pointing to a common cell of origin in dif-
ferent states of developmental potential. The 
obvious target cell is the PGC/gonocyte, and the 
familial susceptibility factor might have bearing, 
for example, on resistance to apoptosis of PGC, 
such as variants in BAK1, which are associated 
with a higher risk for type II GCT [195, 196] and 
perhaps also for type I GCT [158].
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In one of the families reported by Huddart 
[524], a male with a testicular type II GCT clus-
tered with a female with bilateral dermoid cysts 
(type IV GCT) of the ovary. More recently, a 
similar family was identified, with a father hav-
ing a seminoma and his daughter metachronous 
bilateral dermoid cysts [531]. In both families, it 
may be a chance occurrence in view of the high 
frequency of dermoid cysts of the ovary, with 
bilaterality in 10–15 % of the patients [233, 532] 
(Chap. 6). It is intriguing though that in both 
females, the dermoid cysts were bilateral, because 
in familial cases of dermoid cysts where laterality 
was stated, 11/28 (39 %) were bilateral, and 
among the patients who were twins or triplets, 
9/12 (75 %) were bilateral [134, 135]. One of 
identical twins [533] had over the years seven 
dermoid cysts removed from her left and one 
from her ovary. These case histories are sugges-
tive of a genetic risk factor for bilaterality of type 
IV GCT of the ovary, which perhaps could also 
increase the risk for type II GCT.

(Cyto)Genetics/Epigenetics
Over ninety percent of dysgerminomas are aneu-
ploid, often close to tetraploid [534], and in 
77 % have gain of 12p and similar gains and 
losses of (parts) of other chromosomes as testic-
ular type II GCT (for review [86, 296]). Mixed 
 non- dysgerminomas are also most often aneu-
ploid and have gain of 12p in 68 %. This some-
what lower figure as compared to dysgerminoma 
is probably due to the fact that part of the mixed 
GCT combining teratoma and YST is type I 
GCT. Of the pure YST, 41 % have gain of 12p, 
indicating that less than half are type II 
GCT. Pure immature teratomas and mature tera-
tomas have gain of 12p in 5 and 9 %, respec-
tively, and are therefore most often type I GCT 
(for review [296]). Conversely, one out of ten 
solid mature teratomas of the ovary is of type II 
and therefore malignant.

As for the other chromosomes in dysgermi-
noma, the most common changes are gains from 
chromosome arms 1p (33 %), 6p (33 %), 12q 
(75 %), 15q (42 %), 20q (50 %), 21q (67 %), and 
22q (58 %); gains of the whole of chromosomes 
7 (42 %), 8 (42 %), 17 (42 %), and 19 (50 %); and 

losses from 13q (58 %) [535]. The strong pre-
dominance of gains over losses might be 
explained by the (near)tetraploidy of most 
dygerminomas.

Somatic mutations of KIT in exon 17 codon 
816 have been found in 27–33 % of dysgermino-
mas [330–332] and in codon 822 in an additional 
20 % [332], adding up to activating mutations in 
53 %, always in unilateral and not in bilateral 
cases. Among 16 DSD patients with GBY in 
their genome who developed a dysgerminoma, 
only one case had a KIT mutation, in codon 820; 
the same mutation was found in the gonadoblas-
toma from which the dysgerminoma was derived 
[332]. This may be part of the explanation for the 
absence of KIT mutations in bilateral dysgermi-
noma, as bilateral tumors are probably in a sub-
stantial proportion derived from gonadoblastoma. 
KIT mutations are absent in other malignant 
ovarian GCT, i.e., immature teratoma, YST, and 
tumors combining these two components. Gain 
of 12q in dysgerminoma may be related to the 
localization of KITLG on 12q22, with possible 
involvement of KITLG in an autocrine loop with 
KIT. KRAS has hardly been investigated in ovar-
ian type II GCT; in two studied dysgerminomas, 
it was not mutated [536].

Pathogenesis
Type II GCT of the ovary are derived from hypo-
methylated, erased, premeiotic PGC/gonocytes in 
the naïve state (totipotent), present in the early 
developing gonad, as has been convincingly dem-
onstrated for GCT arising in dysgenetic gonads 
[275]. It is very likely that the phenotypically iden-
tical GCT outside the context of DSD have the 
same cell of origin. Morphology, immunohisto-
chemistry, and expression studies of dysgermi-
noma have shown the same profiles as in 
seminomatous GCT of other anatomical sites and 
in PGC, with high expression of pluripotency fac-
tors, in particular expression of OCT4 in combina-
tion with SOX17. The non-germinomas have the 
same profiles as the type II non-seminomas at other 
sites, with EC cells expressing OCT4 in combina-
tion with SOX2 in addition to other pluripotency 
factors and the derived lineages showing tissue-
specific expression patterns (for review [296]).
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Five percent of ovarian type II GCT develop 
in the context of DSD by the “developmental” 
pathway, related to the presence of GBY and co- 
expression of OCT4 and TSPY, consistent with 
the low rate (0.6 %) of KIT mutation in these 
tumors [332]. In a molecular analysis of 45 
malignant ovarian GCT in patients without 
signs of DSD, 32 can be classified as type II 
GCT. In four of these (13 %, two dysgermino-
mas and two immature teratomas), TSPY was 
demonstrated in tumor tissue [353]. This would 
mean that the origin is “developmental,” in 
association with TSPY, in about 20 % of ovarian 
type II GCT (5 % DSD and 13 % clinically 
silent mosaicism for TSPY).

As discussed in the general section on (cyto)
genetics of type II GCT (Sect. 3.6.1.4), the KIT 
mutations found in up to 50 % of dysgerminomas 
[330, 332] may be initiating, but they are proba-
bly most often progression related. In view of the 
absence of KIT mutations in type II non- 
germinomatous tumors of the ovary [330], it is 
likely that the situation is not much different 
from the testis and that also in the ovary, very few 
type II GCT are caused by somatic mutations. 
Thus the initiation pathway in over 80 % of 
 ovarian type II GCT in 46,XX phenotypically 
normal females remains to be explained.

It is tempting to speculate that in the ovary, the 
majority of type II GCT develop in the context of 
mild dysgenesis, comparable to TDS of the male, 
mainly caused by imbalances of factors regulat-
ing gonadal development. It has been shown in a 
mouse model that downregulation of FOXL2, the 
key protein for maintenance of the female iden-
tity of the gonad, results in reprogramming of the 
ovary in the male direction, even in adults. 
Granulosa cells are transformed into Sertoli cells 
forming tubular structures. Remarkably, if in this 
situation the expression of FOXL2 is restored, 
the ovarian identity is repaired [537]. If this 
would happen during gonadal development, even 
only transiently, in the stage before oocytes 
become arrested in the prophase of meiosis I, it 
would create a hypovirilized testis-like environ-
ment favoring disturbance of maturation oogo-
nia/gonocytes and a window for the development 
of a type II GCT. However, due to the absence of 

GBY/TSPY, at a much lower rate than in males 
or in DSD patients carrying GBY in their genome, 
who have an up to 70-fold risk of developing a 
type II GCT as compared to normal females 
[275]. Indeed, insight into the factors involved in 
the development and maintenance of sexual iden-
tity of the gonads (DMRT1, FOX9, and SOXL2) 
lends credence to the hypothesis that as yet 
pathogenetically unexplained type II GCT of the 
ovary have their origin in mild forms of ovarian 
dysgenesis, possibly even transient, which leave 
no obvious further phenotypical traces (Fig. 
3.25). If this hypothesis were true, it would mean 
that the large majority ovarian type II GCT have 
a “developmental” origin.

The much lower incidence of type II GCT in 
the ovary as compared to the testis has been 
explained by the lower number of susceptible 
germ cells in the ovary, and the fact that they 
are blocked in meiosis I, whereas the gono-
cytes are more numerous in the testis, are 
arrested in mitosis [509]. This is probably only 
part of the explanation in view of the epidemi-
ology of the type II GCT of the mediastinum 
and brain. One might assume that in these sites, 
the number of target cells is similar in men and 
women; moreover, the mis-migrated PGC are 
blocked in meiosis I in both genders [58, 59]. 
Yet type II GCT of the mediastinum [241] and 
brain [539] are much more frequent in males 
than females. As alluded to earlier, this may be 
due to men having the GBY region on Y and 
thus being able to express TSPY in combina-
tion with OCT4 in the critical stage of neoplas-
tic transformation of erased PGC. This 
suggestion is consistent with the high risk of 
developing a type II GCT in dysgenetic gonads 
containing GBY/TSPY [275].

Also relevant in this context is the observation 
that type I GCT have a roughly similar frequency 
in the ovary and the testis and that the sex distri-
bution, apart from the sacral region, is equal for 
most extragonadal sites, in particular for the 
mediastinum and brain [94]. It suggests that 
indeed the number of susceptible cells, probably 
mis-migrated, pre-erased PGC for type I GCT, is 
similar in males and females and that GBY has 
no role in the pathogenesis of type I GCT.
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Fig. 3.25 Role of DMRT1, FOX9, and SOXL2 in development and maintenance of ovarian identity. DMRT1 silences 
RA-dependent feminization genes to ensure postnatal sex maintenance. During fetal sex determination (1), the bipoten-
tial gonad makes a choice between male (blue) and female (pink), largely guided by the presence or absence of Sry. The 
sexual differentiation machinery downstream of sex determination transforms the undifferentiated gonad into a mature 
testis or ovary (2), manifested in the formation of Sertoli-cell-containing seminiferous tubules in the male and granulosa-
cell- containing ovarian follicles in the female. Postnatal sex maintenance within Sertoli cells (3) is achieved via the 
silencing of RA signaling-dependent feminization genes (such as Foxl2) by the transcriptional regulator DMRT1. RA 
is thereby allowed to act in adjacent spermatogonia to promote spermatogenesis within the seminiferous tubule. In 
Dmrt1 mutant Sertoli cells, however, RA acting through RARa activates feminizing genes and reprograms the Sertoli 
cell into a granulosa-like cell through the process of transdifferentiation [538]
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3.6.2.4  Mediastinum
Developmental Potential
Of the mediastinal GCT in postpubertal male 
patients, seminomas constitute 32 %, mixed GCT 
16 %, EC 4 %, choriocarcinoma 3 %, YST 10 %, 
and teratoma 35 % [241]. In CGH analysis [165], 
most mixed GCT in patients older than six had 
gain of 12p and are therefore type II GCT; in one 
out of three YST and none of the teratomas in that 
age group 12p was involved. Thus it can be esti-
mated that in early- and postpubertal patients, 
seminomas constitute about 55 % and non- 
seminomas 45 % of mediastinal type II GCT 
(mixed 28 %, EC 7 %, YST 5 %, choriocarci-
noma 5 %). Apart from a higher proportion of 

pure YST and pure choriocarcinoma, the distri-
bution of histological subtypes is similar to that 
of the type II GCT of the testis.

Of note, in patients older than six [76, 165], 
pure (immature) teratoma, pure YST, and mixed 
GCT combining the two can only with certainty 
be classified as type I or type II GCT by analysis 
of 12p status. This is clinically relevant as a 
type I teratoma is benign and type II teratoma is 
malignant.

Most intriguingly, 41 patients with 
Klinefelter’s syndrome who had a type II GCT 
based on histology and secretion β-HCG showed 
a very different distribution of histological types 
from the general adult male population, with 
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seminoma 0 %, mixed non-seminoma 44 %, EC 
10 %, choriocarcinoma 15 %, YST 2 %, and 
(immature) teratoma (29 %) [277]. Not only 
there were no pure seminomas but also only two 
of the 12 mixed GCT had a seminoma compo-
nent. Choriocarcinoma/trophoblastic differentia-
tion, either in pure form or as part of a mixed 
tumor based on histology or elevated serum 
β-HCG, was very common: 35/41 (85 %). 
Considering that over 20 % [540, 541], of all 
mediastinal GCT, are diagnosed in patients with 
Klinefelter’s syndrome, this may partly explain 
the histological differences between testicular 
and mediastinal type II GCT in adolescent and 
adult males.

Ten to twenty percent of mediastinal non- 
seminomas develop a solid somatic-type malig-
nancy [542, 543]. The distribution of histologies 
is largely similar as in the testis, sarcomas being 
the most frequent type and among them rhabdo-
myosarcoma ranking first [430, 543]. In the 
mediastinal cases, angiosarcomas are more fre-
quent than in the testis [241, 544]. The associ-
ated GCT are most often mixed non-seminomas 
with a (immature) teratoma component and 
rarely pure YST or seminoma [430]. Patients 
with Klinefelter’s syndrome may develop 
somatic- type malignancies other than hemato-
poietic malignancies.

Hematologic malignancies develop in 2–6 % 
[543, 545–547], sometimes combined with a 
sarcoma [388]. These hematological somatic-
type malignancies are uniquely associated with 
mediastinal YST, either pure or as part of a 
mixed non- seminoma [265, 543, 547–549]; the 
most frequent types being megakaryoblastic 
leukemia, followed by malignant and benign 
histiocytosis and myelomonoblastic leukemia 
among many other types encompassing virtu-
ally all hematopoietic lineages [543]. Except 
associated with mediastinal non-seminomas, 
hematologic malignancy has been reported only 
once, in association with a suprasellar dysger-
minoma [550]. Hematologic malignancies are 
usually diagnosed at a median time of 6 month 
after primary treatment [549]; about 40 % are 
synchronous with the primary mediastinal non-
seminoma [543]. The rate is comparable in 

patients with and without Klinefelter’s syn-
drome, as about 20 % of the hematologic malig-
nancies are diagnosed in patients with this 
syndrome, indicating that it is indeed the medi-
astinal localization that predisposes to this 
somatic-type malignancy. These hematologic 
malignancies are not treatment related [546, 
549] but a peculiar biologic characteristic of 
mediastinal non-seminomas with a YST compo-
nent [241, 547].

Added up, the solid and hematologic somatic- 
type malignancies develop in a quarter of medias-
tinal non-seminomas, which is about sixfold of the 
3–6 % in primary testicular non-seminomas [390]. 
The higher rate of somatic-type malignancies is 
possibly due to the larger size at surgery of the 
non-seminomas in the mediastinum than in the 
testis [551] and due to the fact that surgery is 
always preceded by chemotherapy. Indeed, in 
originally testicular non-seminomas, the percent-
age of somatic-type malignancies increases to 8 % 
in postchemotherapy retroperitoneal lymph node 
dissection specimens [429] and to >20 % in late 
relapses [386], approaching the rate of somatic-
type malignancies in mediastinal non-seminomas.

The poorer prognosis of mediastinal than tes-
ticular non-seminomas may be because of the 
larger size at clinical manifestation and the over-
all higher rate of somatic-type malignancies, 
which are largely resistant to the chemotherapy 
given for non-seminomas [354].

Epidemiology/Risk Factors
With an incidence of about 0.12 in white and 
0.05 in black males, which has not increased in 
the past decades [76], the mediastinal type II 
GCT constitute 50–70 % of extragonadal type II 
GCT [552]. Over 95 % occur in men [241, 308], 
which is true for whites and blacks [76]. The 
mean age for seminomas is about 30 [264] and 
for non-seminomas 25 years [265]. The mean age 
of patients with Klinefelter’s syndrome, always 
with mediastinal non-seminomas, is 17 years 
(range 4–31), substantially younger than in non- 
seminoma patients without Klinefelter’s syn-
drome. In all Klinefelter cases younger than 12, 
there was precocious puberty [553], due to 
β-HCG produced by the tumor [277].
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In a large Danish cohort, mediastinal non- 
seminoma was the only cancer for which 
Klinefelter’s syndrome conferred a higher risk 
compared to males without this syndrome, 
with a relative risk of 67 [554]. Over 20 % of 
mediastinal type II GCT are associated with 
Klinefelter’s syndrome [540, 541], meaning 
that roughly half of the mediastinal type II 
non-seminomas occur in this context, as pure 
seminomas do not seem to occur in 
Klinefelter’s syndrome. The age distribution 
of Klinefelter patients with mediastinal GCT 
is bimodal. However, the early peak (between 
age 4 and 10) is later than in typical type I 
GCT; moreover, the tumors in the early peak 
are not the usual type I GCT but more like type 
II GCT, based on the histological composition 
and the secretion of β-HCG causing preco-
cious puberty [277]. Remarkably, the two 
mixed GCT with a seminoma component 
occurred in two 8-year-old boys. Klinefelter’s 
syndrome also increases the risk of type II 
GCT of the brain [555, 556].

Sporadically, mediastinal seminomas have 
been diagnosed in individuals with Down’s syn-
drome [557, 558]. Neurofibromatosis 1 [559, 
560] and Li-Fraumeni syndrome [561, 562] are 
not associated with mediastinal type II GCT.

There is one report of a patient with medias-
tinal type II non-seminoma associated with only 
GCNIS in one testis, suggesting that the tumors 
were two independent primary type II GCT 
[212]. Indeed, contrary to retroperitoneal type II 
GCT, which are metastatic from unrecognized 
testicular tumors, mediastinal type II GCT are 
normally not associated with GCNIS of the tes-
tis [211, 563]. König et al. [564] report a medi-
astinal non-seminoma (“teratocarcinoma”) and 
a metachronous pituitary stalk germinoma in a 
patient with Klinefelter’s syndrome, probably 
both related to the underlying syndrome.

There is one patient, mentioned earlier, with a 
mediastinal EC who had a sister with an ovarian 
dysgerminoma [287], demonstrating that in some 
families, mediastinal type II GCT may cluster 
with type II GCT at other anatomical sites. To the 
best of our knowledge, clustering with other GCT 
types has not been reported [137].

Anatomical Distribution
Primary mediastinal type II GCT are only local-
ized in the anterior or anterosuperior mediasti-
num in association with the thymus [241]. 
Occasionally, small tumors are completely local-
ized within the thymus, showing that they had 
their origin in the thymus itself [241]. Concurring 
with this conclusion is the observation that in 
about a quarter of all mediastinal seminomas, 
remnants of the thymus can be identified in the 
periphery of the tumor [565]. Thymic cysts have 
been found in 10 % of seminomas [566] and 
occasionally in YST of the mediastinum [567], 
again, indicating that these tumors originate in 
the thymus. Apparently, in most cases, the thy-
mic origin is obscured by tumor overgrowth.

Mediastinal type II GCT are indeed primary 
tumors, as testicular type II GCT only rarely 
metastasize to the anterior mediastinum and only 
simultaneous with metastases in the visceral 
mediastinum [568].

(Cyto)Genetics
In a study of 19 malignant mediastinal GCT, 14 
were definite type II GCT, based on histology 
and expression of β-HCG, with the expected dis-
tribution of histological types [297]. Four tumors 
were (near)diploid, six (near)tetraploid, three 
had a (near)diploid plus a (near)tetraploid stem 
line, and one tumor had two hypertriploid stem 
lines. This pattern is completely different from 
type II GCT of the testis, where on average, the 
seminomas (and GCNIS) are hypertriploid 
(DNA index 1.61) and the non-seminomas hypo-
triploid (DNA index 1.40) [294, 569]. This sug-
gests that the precursor cells do not necessarily 
undergo tetraploidization and that following that 
event they undergo less extensive of karyotype 
evolution, whereby the original (near)diploid 
tumor cells still may coexist with the derived 
(near)tetraploid clone.

Results of karyotyping are in agreement with 
these ploidy data, with chromosome numbers 
being (near)diploid [307, 570–572], (near)tetra-
ploid [573], (near)diploid plus (near)tetraploid 
[572], and hypertriploid [574]. Karyotyping, 
CGH analysis [165], and FISH [308] show 
i(12p) as the most common structural aberration 
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in type II GCT of the mediastinum; other recur-
rent changes are gains of chromosomes 21 and X 
and loss of chromosome 13, similar to type II 
GCT of other sites. In the study by Schneider 
[165], two patients had Klinefelter’s syndrome, 
as did the case karyotyped by Mann [571], partly 
explaining the extra copies of X. Different from 
testicular cases is that gain of 12p may be lack-
ing [571, 574] and that fewer chromosomes are 
involved in gains and losses, again consistent 
with less extensive karyotype evolution. 
Mediastinal non- seminomas in patients with 
Klinefelter’s syndrome may [165] or may not 
have i(12p) [571].

The demonstration of gain of 12p (in particu-
lar i(12p)) in solid and hematologic somatic-type 
malignancies, often in combination with genetic 
hallmarks of the somatic cancer, proves their ori-
gin from the GCT [575, 576].

Three out of eight mediastinal seminomas 
(38 %) had activating KIT mutations (exon 17 
and codons 818, 820, and 822) [333]; 1/13 semi-
nomas (8 %) had a KRAS mutations (exon 1, 
codon 13) [336]. Essentially the same pattern of 
somatic mutations as demonstrated for testicular 
seminomas [295]). Non-seminomas of the thy-
mus have not been studied for the presence of 
mutations.

There are no published studies addressing the 
epigenetics of mediastinal type II GCT.

Pathogenesis
The occasional finding of mediastinal type II 
GCT entirely within the thymus and the frequent 
thymus rests in these neoplasms indicates that 
they have their origin in the thymus. Apparently, 
this organ offers a niche in which hypomethyl-
ated, erased, premeiotic [571] PGC, the precur-
sor cells of type II GCT, may survive [56] as 
already proposed by Teilum [54]. The fact that 
mis- migrated PGC have been demonstrated in 
large numbers in the anterior mediastinum but 
not in the thymus itself [52] does not rule out this 
possibility. The tumors probably originate from 
very few PGC that manage to escape their nor-
mal fate of apoptosis by ending up in the thymus. 
There is circumstantial evidence to suggest that 
thymic epithelium may have the capacity to sup-

port erased, premeiotic PGC. Seminoma cells, 
the neoplastic counterparts of PGC, tend to home 
in thymic epithelium [56]. More convincing still 
is the finding of “seminoma-like” cells enclosed 
by thymic epithelium in the absence of an 
accompanying invasive type II GCT [241], 
resulting in lesions resembling gonadoblastoma 
of the dysgenetic gonad. Moreover, like Sertoli 
and granulosa cells, thymic epithelium produces 
KITLG, the survival and growth factor of PGC 
[56] (Fig. 3.26).

The assumption that mediastinal type II GCT 
arise from PGC is more credible than the pro-
posed alternatives. Origin from a primordial cell 
of the thymus (for review [577]) is unlikely in 
view of the close phenotypic and genetic resem-
blance of the mediastinal type II GCT with their 
counterparts in the gonads, of which the origin 
from PGC/gonocytes is undisputed.

The hypothesis of origin through dissemina-
tion of early gonadal lesions, which recapitulate 
embryonal memory and reverse migrate to thy-
mus [578], was immediately refuted [579]. This 
idea is conflicting with the absence of testicular 
type II GCT in patients with Klinefelter’s syn-
drome combined with their 67-fold risk of medi-
astinal type II GCT [554]. In addition, the 
presumed testicular precursor lesions are typi-
cally absent in patients with mediastinal type II 
GCT [211, 563]. Finally, Chaganti et al. [578] 
stressed the identity of karyotypic changes of 
testicular and mediastinal type II GCT, which 
they are not. As discussed, mediastinal type II 
GCT are characterized by a shorter karyotype 
evolution than their testicular counterparts. For a 
mediastinal GCT to be derived from a testicular 
precursor lesion, one would expect the reverse 
pattern, with the testicular lesions being in an 
earlier stage of karyotype evolution than the 
mediastinal tumors.

Mediastinal type II GCT, like those in the 
gonads, usually originate via the “developmen-
tal” pathway. The almost exclusive male patient 
population is consistent with a crucial role of 
TSPY as in the testis and gonadal dysgenesis in 
46,XY DSD, in combination with KITLG stimu-
lation. It cannot be excluded that some tumors are 
initiated by somatic mutations in KIT or in genes 
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of its downstream signaling proteins; however, 
most KIT mutations are probably engaged in the 
progression of seminoma. Non-seminomas, also 
in the mediastinum, result from reprogramming 
of a seminomatous precursor cell, i.e., a trans-
formed PGC, into an EC cell.

The 67-fold risk of mediastinal type II GCT 
in Klinefelter’s syndrome [554] supports the 
notion that these tumors usually have a develop-
mental origin. The syndrome, affecting 1 in 500 
males and diagnosed in only a quarter of the 
cases [277], is characterized by hypergonado-
tropic hypogonadism, small testes, infertility, 
gynecomastia, abnormal body habitus, and mild 
developmental abnormalities due to an abnor-
mal sex chromosomal complement, usually 
47,XXY. Relative androgen deficiency at least 
at the testicular level accelerates degeneration 
of the testis at the onset of puberty [580]. In 

adolescents and adults, most tubules become 
atrophic with very few or no germ cells left. This 
may explain why testicular type II GCT are rare 
in these patients with only sporadic cases 
reported: one seminoma and two non-seminomas 
[581–583]. It seems that like the normal sper-
matogenic cells, precursor cells of GCT cannot 
survive in the defective spermatogonial niche.

At the same time, it is hypothesized that in 
Klinefelter’s syndrome, the increased levels of 
gonadotropins, which physiologically stimulate 
germ cell proliferation, promote malignant 
transformation of PGC in the thymus [165, 
277]. Indeed, the tumors develop at a much 
younger age than in the testis, before or at the 
onset of puberty and thus before degeneration 
of the precursor cells. Hypothetically, the 
absence of pure seminomas [553] may be due 
to a similar process of degeneration as in the 

Fig. 3.26 Seminoma cells homing in thymus epithelium; 
clockwise: cytokeratin-positive thymus epithelium 
(brown) enclosing seminoma cells; same area with OCT4- 

positive nuclei (brown) of seminoma cells; same case 
expressing KITLG (red) in thymus epithelium (original 
magnification ×200) [56]
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testis that eventually destroys all precursor cells 
except those that have undergone reprogram-
ming to EC cells, the more apoptosis-resistant 
totipotent stem cells of non- seminoma. 
Supporting this hypothesis, the only mixed 
GCT that contained a seminoma component 
were in two 8-year-old boys.

The reportedly higher incidence of type II GCT 
of the brain in Klinefelter’s syndrome [556] is pos-
sibly also caused by the hypergonadotropic stimu-
lation. It remains elusive why as opposed to the 
mediastinal ones, the brain GCT in Klinefelter’s 
syndrome have a similar age distribution and his-
tology as in the general population, with more than 
80 % seminomas [584].

From a different angle, it has been suggested 
that the extra copy/copies of chromosome X in 
Klinefelter’s syndrome play a direct role in the 
pathogenesis of the type II GCT because the 
region Xq27 harbors a susceptibility locus for 
testicular germ cell neoplasms [585]. However, 
linkage to this locus was not confirmed in a larger 
set of pedigrees, which included the original 66 
families [586], and a candidate gene has not been 
identified.

Solid somatic-type malignancies are most 
often due to further tumor progression of somatic 
components of non-seminomas but may also 
arise from progression of YST, angiosarcoma, for 
example [544]. The unique association of medi-
astinal mixed non-seminomas containing YST, or 

pure YST, with hematologic malignancies is as 
yet unexplained.

It has been suggested that the angiosarco-
mas may arise in myxoid/mesenchymal foci of 
YST, called magma reticulare by Teilum 
(quoted in [241]). This tissue has vasoforma-
tive capacity, whereby dysplastic spindled and 
epithelioid cells condense into vessels. In the 
mouse, the first adult hematopoietic stem cells 
arise from the endothelium of the major vascu-
lature, in particular the aorta [587, 588]. It is 
tempting to speculate that the higher incidence 
of angiosarcoma and hematological malignan-
cies in mediastinal YST (component) are 
related and that endothelial cells developing in 
magma reticulare are the source not only of 
angiosarcoma but also of hematopoietic stem 
cells [297, 576], which may progress into 
hematopoietic malignancies (Fig. 3.27). The 
question remains: why only in mediastinal 
non-seminomas? Could it be that local factors 
in the anterior mediastinum, which regulate the 
specification of adult hematopoietic stem cells 
in normal embryogenesis, also, in the early 
stages of tumor development, promote the 
development of neoplastic hematopoietic stem 
cells from suitably primed endothelial precur-
sors? Human thymic epithelial cells could be a 
source of such factors as they reportedly pro-
duce granulocyte and macrophage colony-
stimulating factors [589].

Fig. 3.27 Mediastinal non-seminoma. Left: primary 
tumor with florid vascular proliferation (magma reticu-
lare) with groups of blast-like cells suggestive of hemato-

poietic cells (arrow) (H and E, ×400); right: bone 
metastasis of same patient with the histology of angiosar-
coma 7 months after initial treatment (H and E, ×200)
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3.6.2.5  Central Nervous System
Developmental Potential
Type II GCT of the brain have the same totipotent 
developmental potential as those of other ana-
tomical sites. The proportion of seminomas 
(called germinomas in the CNS), 80 %, is higher 
than in other sites, apart perhaps from the dysge-
netic (intra-abdominal) gonad. This figure may 
be a slight overestimation because the histologi-
cal diagnosis of GCT of the brain is often made 
on small biopsies not always representing all 
components of the tumors. It explains the occa-
sional event of recurrences having a different his-
tology from the original tumor, such as a 
germinoma recurring as YST [590], a YST as 
growing teratoma [591], and in particular tera-
toma as germinoma, sometimes after a long inter-
val [592–596].

Most of the non-germinomatous tumors are 
mixed (54 %), followed by mature teratoma 
(21 %), immature teratoma (8 %), EC (6 %), YST 
(3 %), and choriocarcinoma (3 %). Seventy-five 
percent of the mixed GCT have a germinoma 
component, most often combined with, usually 
immature, teratoma, YST and/or EC; a choriocar-
cinoma component is rare [263]. This observa-
tion is consistent with the pathogenetic 
mechanism, whereby non-germinomas result 
from reprogramming of a germinomatous precur-
sor cell.

Somatic-type malignancies, sarcoma among 
others, develop rarely; the reported squamous 
cell carcinomas may have developed in late type 
I GCT [263]. There is an exceptional case report, 
mentioned before, of a black female who pre-
sented with a mixed lineage acute myeloid leuke-
mia 4 months after treatment of a suprasellar 
dysgerminoma, obviously not related to 
Klinefelter’s syndrome [550].

GCT of the brain (except those of the spinal 
cord) in patients with Klinefelter’s syndrome 
have about the same distribution of histological 
subtypes as in non-Klinefelter cases, with 6/7 
being dysgerminoma (86 %), at the median age 
of 15 years (range 12–35) [584]. This is remark-
ably different from the mediastinal type II GCT 
in Klinefelter’s syndrome, which are exclusively 
non-seminomas, at variance with the general 

population [553], and may appear before puberty 
[277]. Their predominant germinoma histology 
by itself makes it less likely that leukemias 
develop in association with GCT of the brain in 
Klinefelter patients. Indeed, this phenomenon 
has, to our knowledge, not been reported.

In Down’s syndrome, type II GCT of the brain 
have a lower percentage of germinomas than in 
the general population (6/11, 55 %), in agree-
ment with the atypical anatomical localization of 
the tumors, with only one tumor in the pineal 
gland; of the five non-germinomas, there were 
four YST and one teratoma [597].

Epidemiology
Historically, for GCT of the brain, a five- to 
eightfold higher frequency in the Far East than 
in Western countries has been reported [598–
600]. The last WHO classification [243, 601] 
quotes a twofold difference (0.17 and 0.09 in 
Japan and the USA, respectively). A recent 
comprehensive epidemiological study based on 
four large  databases, two from Japan and two 
from the USA, demonstrates that the incidence 
is not significantly different in both countries: 
0.143 for males and 0.046 for females in Japan 
and 0.118 for males and 0.030 for females in 
the USA [539]. In these figures, type I and II 
GCT are combined; however, >90 % are prob-
ably type II, as less than 3 % of the registered 
cases, often perinatal (immature) teratomas, are 
below the age of 5 years [602]. Virtually all 
pineal tumors are type II; indeed, they hardly 
occur under age six [76]. In Japan, the inci-
dence of CNS GCT has reportedly increased in 
the 1980s, mostly in males, and has plateaued 
since [603]. The median age is about 15 years 
both for males and females [243, 539], whereby 
patients with germinomas, mixed GCT, and 
non-germinomas are on average 18, 15, and 
12 years, respectively [263].

The overall male-to-female ratio of CNS GCT 
is about 4:1 [243, 539, 601]. In Japan, all histo-
logical types occur predominantly in males [602]. 
The incidence of non-malignant GCT is similar 
in males and females, 0.029 and 0.020, respec-
tively. The male-to-female ratio for malignant 
GCT is 16:1 in the pineal region and 2.1:1 in the 
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rest of the CNS. More than half of all malignant 
GCT are located in the pineal region [539].

Multifocal tumors in the brain usually involve 
the pineal gland and the suprasellar region (so- 
called bifocal tumors) or rarely both basal gangli-
onic regions, simultaneously or sequentially 
[243, 604, 605]. Without molecular analysis, it is 
virtually impossible to prove that the tumors are 
independent primaries; locoregional metastasis 
or recurrence is usually the more likely explana-
tion [594].

A series of case reports demonstrates that type 
II GCT of the brain may be combined with pri-
mary, usually type II, GCT at other anatomical 
sites. The brain tumors were always germinomas 
located in the pineal gland or immediate vicinity 
and followed by a seminoma of the testis (three 
cases) [283, 606, 607], a non-seminoma of the 
testis [608], a mediastinal non-seminoma [609], 
or preceded by a mediastinal seminoma [610]. In 
one case, the brain germinoma was followed by a 
mediastinal type I YST, in view of the demon-
strated 1p36 deletion and the absence of gain of 
12p in the latter [611]. In one patient with 
Klinefelter’s syndrome, the germinoma of the 
brain was simultaneous with a non-seminoma of 
the mediastinum, and in another, it was followed 
by a mediastinal pure choriocarcinoma [612]. In 
a patient with Down’s syndrome, the germinoma 
of the brain was simultaneous with an EC of the 
testis [613].

In view of the relative frequency of testicular 
and mediastinal type II GCT, the latter are clearly 
overrepresented, which is plausible: if the condi-
tions are favorable for the development of 
extragonadal type II GCT, e.g., by hypergonado-
tropism, they could stimulate their development 
both in the mediastinum and brain.

In the patient described by Coffey [283], the 
pineal germinoma had the same KIT mutation as 
the testicular seminoma diagnosed 6 month later, 
suggestive for a common cell of origin, as men-
tioned earlier.

There are occasional reports of familial clus-
tering of type II GCT of the brain: two brothers 
with a teratoma with germinoma elements in the 
pineal region [614]; three brothers, one with an 
EC and two with a dysgerminoma in the pineal 

region [615]; and a boy with a germinoma of the 
basal ganglia and his sister with a germinoma of 
the suprasellar region [616].

Risk Factors
In Klinefelter’s syndrome, type II GCT, which 
constitute only few percent of brain tumors in the 
general population, are the most frequent tumors 
of the brain (median age 16), implicating an 
increased risk in this syndrome [555]. This is per-
haps also true for spinal cord germinomas, 
although the high age of the patients (median 
29 year) suggests that the spinal tumors might be 
cerebrospinal fluid-borne metastases of subclini-
cal germinomas of the brain [584].

Patients with Down’s syndrome have an 
increased risk of leukemias and a lower risk of 
solid cancers [557, 558]; the latter is attributed to 
overexpression of the DSCR1 and DYRK1a 
genes on chromosome 21, which suppress the 
production of VEGF and thereby angiogenesis, 
which sustains solid tumor growth [617]. 
Exceptions among the solid tumors are lympho-
mas and GCT of the brain [557] and possibly the 
testis [276, 558].

Isolated case reports have associated type II 
GCT of the brain with neurofibromatosis 1 [618] 
and multiple congenital melanocytic nevi [619].

Anatomical Distribution
Over 80 % of type II GCT of the brain are located 
in the pineal gland, suprasellar region (neurohy-
pophysial axis; occasionally within the neurohy-
pophysis), hypothalamus, and the wall of the 
third ventricle. In these midline structures, the 
large majority are in male patients, malignant, 
and germinomas. Germinomas occur also in the 
basal ganglia, cerebral hemispheres, and in the 
posterior fossa; however, in these and other atyp-
ical, non-midline anatomical sites, the propor-
tion of females, non-germinomas and benign 
GCT (the latter probably of type I), is somewhat 
higher [243, 539]. In fact, type I GCT of the 
brain have an anatomical distribution resembling 
that of the type II non-germinomas [132]. It 
seems that germinoma involving the basal gan-
glia is more frequent in Asian than Western chil-
dren [604, 605].
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The anatomical distribution of type II GCT in 
Klinefelter’s syndrome, 6/7 in the pineal, supra-
sellar, and hypothalamic region, is similar as in 
the general population [584].

In Down’s syndrome, where there is a high 
percentage of non-germinomas, the tumors lie 
most often outside the typical midline sites [597].

(Cyto)Genetics
Half of the type II GCT of the brain are (near)
diploid and half (near)tetraploid, which is true for 
germinomas, mixed GCT, and non-germinomas 
[197]. This finding is consistent with the young 
age of clinical manifestation of these tumors 
(median 15 years) and therefore shorter period of 
karyotype evolution than in their testicular and 
mediastinal counterparts. The pattern of gains 
and losses of (parts of) chromosomes is largely 
similar to that in type II GCT of other anatomical 
sites: in order of frequency, gain of 12p, 1q, 8, 21, 
and X, with more defined regions of gain being 
12p12, 1q11-q24, and 8q11-q21, and loss of 11q, 
18q, and 13 [310]. In addition, Wang et al. [197] 
found gain of 14q and loss of 10q and 17p, 
thereby making the picture even more similar to 
type II GCT of other sites. A comprehensive 
analysis by SNP microarray further confirms and 
details this data. The most frequently observed 
copy number gains were regions on chromo-
somes 1q (44 %), 2p (37 %), 7q (37 %), 8q 
(41 %), 12p (59 %), 14 (33 %), 20q (30 %), 21 
(63 %), 22 (41 %), and Xq (44 %). Frequently 
observed copy number losses were regions on 
chromosomes 1p (26 %), 4q (26 %), 5q (33 %), 
9q (30 %), 10q (37 %), 11q (41 %), and 13 (48 %) 
[298].

Gain of 12p is present in 9/17 (53 %) type II 
GCT studied by Schneider et al. [310], in 5/15 
(33 %) unequivocal type II GCT (germinomas and 
mixed GCT) in the material of Wang et al. [197], 
and in 59 % in the study by Terashima et al. [298]. 
These figures are significantly lower than in other 
sites, again consistent with less extensive karyo-
type evolution.

Activating KIT or RAS mutations occur fre-
quently in germinomas (60 %) and less so in non- 
germinomas (9 %); they are mutually exclusive 
in both [334]. By next-generation sequencing, 

Wang et  al. [197] confirmed and extended these 
data. It appears that activating mutations in KIT 
(47 %) (in order of frequency in exons 17, 11, 18, 
and 13), KRAS (18 %), and NRAS (6 %) and inac-
tivating mutations in CBL (6 %), a negative regu-
lator of KIT expression, are all mutually exclusive 
and occur most often in germinomas and mixed 
GCT that lack gain of 12p. The complementary 
character of these genetic events and their pre-
ferred occurrence in germinomas and mixed 
GCT indicate that they are probably not initiating 
but engaged in the progression of germinoma. 
The AKT/mTOR signaling pathway is activated 
in about 20 % of cases, mostly by focal amplifi-
cation of 14q32.33, containing the AKT1 locus, 
often in tumors lacking gain of 12p. Less fre-
quently, loss of function mutations were identi-
fied in BCORL1, MTOR, TP53, SPTA1, KDM2A, 
and LAMA4 [197]. BCORL1 is a tumor suppres-
sor and a transcriptional corepressor, of which 
the mutation might interfere with the function of 
nuclear receptors such as the AR [620].

The study by Terashima et al. [298] highlights 
frequent gain of PRDM14 on 8q13, which was 
earlier identified as a susceptibility locus for tes-
ticular type II GCT and also frequent aberrations 
of CCND2 (12p13) and RB1 (13q14) suggesting 
that the cyclin/CDK-RB-E2F pathway might be 
involved in the pathogenesis of type II GCT of 
the brain. Finally, Wang et al. [197] found in their 
cohort a rare germline variant of JMJD1C in 
Japanese patients that functions as a chromatin 
modifier gene interacting with the AR in humans 
[621] and that in mice is involved in long-term 
maintenance of male germ cells [622]. This gene 
variant is reportedly enriched in the Japanese 
population and fivefold higher in the Japanese 
patients with GCT of the brain compared to the 
general population. The authors propose that this 
variant of JMJD1C might explain the higher inci-
dence of GCT of the brain in Japan [197]. It 
seems, however, in view of recent incidence fig-
ures [539], that there is no significant difference 
to be explained.

Pathogenesis
The strong phenotypic [352] and genotypic [197, 
298, 310, 334, 623] resemblance of type II GCT 
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of the brain and the gonads makes it plausible that 
they share the same cell of origin: a hypomethyl-
ated, erased, premeiotic, totipotent PGC [56], as 
already proposed by Teilum [54]. Indeed, in 7–14 
wpc, human embryos and fetuses mis- migrated 
PGC that have escaped elimination by apoptosis 
can be seen in the midline of the CNS. Probably, 
these PGC have arrived here because they failed 
to exit the sympathetic trunk at the gonadal site 
and continued migration in cranial direction along 
other nerve branches from the sympathetic trunk 
[52]. Apparently, the midline of the brain, in par-
ticular the pineal gland and the suprasellar region, 
offers a niche with conditions where some of 
these PGC can survive long enough to give rise to 
germinoma, which upon reprogramming may go 
on to develop non- germinoma. The high propor-
tion of pure germinomas (80 %) may be due to the 
young age of the patients (median age 15 years). 
Consequently, the time for progression to non-
germinoma via reprogramming is short, as in 
patients with gonadal dysgenesis. This model 
may also explain why type II GCT in sites away 
from the midline are rarer and more often non-
germinomas. In these non-midline sites, the con-
ditions are supposedly less suitable for neoplastic 
PGC, favoring precursors that have undergone 
reprogramming to an ESC-like precursor, with a 
developmental potential in between the totipotent 
and the pluripotent state. Indeed, the spectrum of 
histologies of type II non-germinomas has resem-
blance to that of type I GCT: relatively high pro-
portions of pure (immature) teratoma, pure YST, 
and pure choriocarcinoma and rarely pure EC. Yet 
these tumors occur most often beyond the age of 
six and have the (cyto)genetic characteristics of 
type II GCT. In fact, in the brain, particularly 
away from the midline, there seems to be a gray 
area with a gradual transition between GCT of 
type I and II, featuring tumors that are type II by 
genotype and age but resembling type I by 
phenotype.

An alternative to the hypothesis that all type II 
GCT develop from PGC proposes that only ger-
minoma stems from PGC and that the other 
tumor types develop from corresponding embry-
onic rests that get incorporated in the developing 
neural tube through folding errors. In this man-

ner, choriocarcinoma would arise from misplaced 
trophoblast, YST from patches of yolk sac, and 
EC and teratoma from fragments of the embryo 
proper [624]. However, such misplaced elements, 
contrary to PGC, have never been detected in the 
developing CNS. Reprogramming of germinoma 
cells, the neoplastic recapitulation of physiologi-
cal process in embryonic development, is a more 
plausible explanation for the origin of the differ-
ent types of non-germinoma, if only because this 
mechanism applies also to gonadal type II GCT 
where misplacement of embryonic rests has no 
bearing. Nevertheless, the embryonic misplace-
ment hypothesis cannot be totally dismissed. 
Sporadically, growths have been reported in the 
head and neck region, including the brain [96], 
with a morphology in principle compatible with 
type I or II (immature) teratoma that turned out to 
be mono- or even dizygotic twins [102]. In such 
cases, misplacement of a zygote or a blastomere 
during embryonic development is a plausible 
pathogenetic mechanism.

More recently, it was proposed by Scotting 
and colleagues that all GCT of the brain have 
their origin in NSC that during embryonic devel-
opment have been induced to pluripotency by 
activation of OCT4 through demethylation of its 
promoter region [139, 168]. Indeed, Kim et al. 
have shown that mouse [71] and human [72] 
NSC can be induced to pluripotency by activation 
of OCT4 alone, as mentioned earlier, and when 
grafted into mice, these stem cells give rise to 
teratomas. According to Scotting et al., teratomas 
may develop in the brain via the same mecha-
nism, which subsequently can give rise to all 
other types: germinoma and the various mixed 
and pure non-germinomas. To support their 
hypothesis, they quote a series of case reports to 
show that each type of GCT can recur as any of 
the other types of GCT, except germinoma recur-
ring after resection of a YST. None of the cases, 
however, prove the crucial point of teratoma or 
rather the stem cells of teratoma, giving rise to 
germinoma. In two of the quoted cases, the 
authors of the case reports themselves conclude 
that the pineal tumor, originally diagnosed as 
teratoma, was probably mixed and that the ger-
minoma component was missed in the initial 
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intervention. This was histologically likely in the 
case described by Janzarik et al. [595] and clini-
cally suspected in the case reported by Mao et al. 
[596]. In the three cases where the original tera-
toma and the later diagnosed germinoma were 
anatomically separate, the authors interpret the 
germinoma as a second primary tumor [592–
594], admitting that a late relapse cannot be 
excluded, as seminoma/germinoma usually has a 
long protracted clinical course.

The biology of metastasis of type II GCT, of 
the testis in particular, shows that the seminoma 
component in a mixed primary non-seminoma 
disappears over time in the evolution of the tumor 
[271]. Residual mature teratoma after chemother-
apy for non-seminomatous germ cell tumors of 
the testis occurs significantly less often in the lung 
than in retroperitoneal lymph node metastases 
[272]. On the other hand, a pure seminoma may 
undergo reprogramming to all non- seminomatous 
components [244], even in metastatic sites, in up 
to 44 % of the cases [258], as mentioned earlier.

Consistent with the lack of clinical evidence 
of germinoma originating from teratoma, this 
phenomenon has never been reported in the 
decades of research in mouse models of tera-
toma, starting with Stevens’ seminal work [80]. 
Also, the many iPSC that have been tested for 
their developmental potential by grafting into 
mice have never produced seminomatous tumors 
[321, 625]. iPSC appear to be in the primed state 
by default, with a pluripotent development poten-
tial, typical for type I GCT. It is therefore very 
unlikely that induced pluripotent NSC would 
give rise to type II GCT. They may perhaps be the 
origin of perinatal/infantile, type I teratoma GCT 
of the brain, if it is true that NSC, particularly in 
the midline of the brain (not the typical site of the 
type I GCT), have partial loss of imprinting 
[169]. The quoted observations are consistent 
with specification of the germ lineage being a 
tightly controlled process that is unlikely to spon-
taneously occur in a teratoma developed from an 
iPSC (for review [35]). Reprogramming of PGC 
to pluri- or totipotency on the other hand is a kind 
of default pathway for which molecular mecha-
nisms are in place to prevent it from happening 
([39], for review [20]). Finally, if all germinomas 

of the brain were to originate via a teratoma stem 
cell, one would expect a smaller percentage of 
the GCT of the brain being pure germinoma/sem-
inoma than in other sites, while in fact in the 
brain, this figure is the highest. It is suggested 
that KIT mutations could bias induced pluripo-
tent NSC toward developing germinoma [139]. 
However, KIT mutations are effect rather than 
cause of germinoma development, as they are 
mostly engaged in progression of seminomatous 
GCT and rarely in initiation of type II GCT, as 
appears from molecular analysis of GCT of the 
testis [295, 324] and brain [197].

Like in other sites, probably the majority of 
type II GCT of the brain have a “developmental” 
origin with the same arguments in support. The 
overwhelming preponderance of male patients, 
like in the thymus, suggests a similar role for co- 
expression of OCT4, TSPY, and KITLG in 
maturation- disturbed PGC, as in the hypoviril-
ized conditions in the testis in TDS and in 46,XY 
gonadal dysgenesis.

The increased risk of type II GCT of the brain 
in patients with Klinefelter’s and Down’s syn-
drome is consistent with a developmental origin 
of these tumors. In both conditions, disturbed 
development of the gonads causes increased 
secretion of gonadotropins in the diencephalic 
centers at the inception of puberty. These hor-
mones are supposed to stimulate the neoplastic 
transformation of mis-migrated PGC in the mid-
line of the brain [165, 243, 277].

In addition, it has been speculated that over-
dose of certain, as yet unidentified, genes on 
chromosomes X and 21 might favor the develop-
ment of type II GCT. Indeed, both are among the 
most frequently overrepresented chromosomes in 
type II GCT in the general population, regardless 
of anatomical site. Patients with Klinefelter’s and 
Down’s syndrome seem to have a constitutional 
“chromosomal advantage” for developing type II 
GCT. Indeed, the only malignancies for which 
Klinefelter patients have an increased risk are 
mediastinal [554] and brain type II GCT [555, 
556]. In Down’s syndrome, apart from leukemias 
and lymphomas, there is only an increased risk 
for type II GCT of the brain and probably the tes-
tis [276] [557], [558].
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Probably some tumors are initiated by somatic 
mutations, as in the earlier quoted patient with 
the same activating KIT mutation in his testicular 
seminoma and pineal germinoma [283]. In this 
case, the mutation has likely occurred in migrat-
ing PGC thereby enabling them to not only reach 
the gonads but also the pineal gland.

Somatic mutations are rare in type II GCT of 
the brain with 0.50 non-silent mutations per Mb 
[197], the same figure as in testicular type II GCT 
[295]. The majority of mutations occur in germi-
noma and can be explained as involved in the 
progression of germinoma rather than as initiat-
ing events. Initiating mutations should be as fre-
quent in germinoma as in non-germinoma, as the 
PGC is the precursor for both. The mutation rate 
in non-germinomas, less than 10 % [197], is 
therefore a fair indication for the maximum rate 
of type II GCT of the brain initiated by a somatic 
mutation. Probably the rare type II GCT in 
females without mosaicism for Y, where TSPY 
obviously is not involved in the pathogenesis 
[352], are more often caused by somatic muta-
tions, particularly in KIT, like in the ovary [332].

Incidental reports on association of NF1 with 
type II GCT of the brain underscore the pivotal 
role in the development of these tumors of the 
KIT/RAS signaling pathway, of which NF1 is a 
negative regulator (Fig. 3.17).

3.6.3  Type II GCT Before Puberty

Typically, type II GCT develop after puberty. 
There are three situations in which type II GCT 
occasionally may occur before puberty: in 
patients with DSD in the gonads (for review 
[275], for age distribution of dysgerminomas 
[232]); in Down’s syndrome, e.g., a seminoma 
of the testis in a boy of 2 years ([626], for review 
[276]); and in Klinefelter’s syndrome in the 
mediastinum, e.g., two 8-year-old boys with a 
mixed GCT having a seminoma component 
([564, 627], for review [277]). What these con-
ditions broadly have in common is the severity 
of the disturbance of the niches where PGC/
gonocytes may home. This is apparent from the 
gonads in DSD and Klinefelter’s and Down’s 

syndrome where gonocytes can barely survive 
and only rarely (in DSD and Down’s syndrome) 
may differentiate into functional gametes. When 
gonocytes do survive, in DSD and Down’s syn-
drome, they have an increased risk for neoplas-
tic transformation; in Klinefelter’s syndrome, 
transformed PGC probably degenerate before 
they can produce manifest tumors. What applies 
to the gonads is probably also true for extrago-
nadal niches: PGC surviving there have a higher 
risk of neoplastic transformation, particularly 
when they are reprogrammed to ESC. These 
precursors may have a developmental potential 
ranging from primed-state-like, as in early 
mediastinal GCT in Klinefelter’s syndrome, to 
fully fledged naïve state, depending on their 
methylation status at the time of neoplastic 
transformation.

This generalizing hypothesis does not explain 
the observation that in Klinefelter’s syndrome 
mediastinal and not brain type II GCT may occur 
before puberty and in Down’s syndrome, those of 
the testis but not those of mediastinum and brain.

3.7  Type III GCT

3.7.1  Developmental Potential

The cells of a spermatocytic tumor, the name 
proposed in the fourth edition of the WHO clas-
sification instead of spermatocytic seminoma 
[244], resemble postpubertal germ cells with 
nuclei in three distinct size classes. Those with 
the smallest nuclei with dense chromatin look 
like A-dark spermatogonia (considered reserve 
spermatogonial stem cells); the cells with inter-
mediate and large paler nuclei with finely granu-
lar filamentous chromatin resemble A-pale 
spermatogonia (self-renewing stem cells), B 
spermatogonia, and leptotene spermatocytes 
[244, 628–630]. Transcript and protein analyses 
of spermatocytic tumor cells, reviewed by 
Waheeb and Hofmann [631] and summarized in 
Table 3.3, show that they lack markers of embry-
onic gonocytes and postmeiotic germ cells and 
express markers of prespermatogonia, spermato-
cytic stem cells/undifferentiated spermatogonia, 
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and spermatocytes in various combinations, sug-
gesting the phenotype of a postnatal germ cell 
arrested at any stage of maturation between pre-
spermatogonium and primary spermatocyte. 
OCT2 expression seems confined to tumor cells 
resembling A-dark spermatogonia [632]. Rare 
spermatocytic tumors are composed only of 
OCT2-expressing tumor cells and thus of neo-
plastic A-dark spermatogonia with blocked dif-
ferentiation [632]. In fact, the stem cells of 
spermatocytic tumors, type III GCT, are commit-
ted to spermatogenesis with differentiation 
capacity limited to premeiotic cells.

So-called anaplastic spermatocytic tumor, a rare 
variant, has morphological features in  common 
with seminoma [633]. One report describes a 
metastasizing anaplastic tumor [634]; however, 
overall this variant behaves as benign as the usual 
spermatocytic tumor, which only sporadically 
metastasizes [633]. Exceptionally, with less than 
20 published cases, the tumor is associated with a 

sarcomatous component, usually undifferentiated 
sarcoma, and rarely rhabdomyo- or chondrosar-
coma [635–637]. It is highly malignant and readily 
metastasizes to regional lymph nodes or, blood-
borne, to visceral organs. The sarcoma component 
is probably the result of progression of the sper-
matocytic tumor, similar to progression in low-
grade leukemias, lymphomas, and sarcomas [636]. 
The possibility that it has its origin in a germ cell 
that is reprogrammed to rudimentary somatic dif-
ferentiation cannot be dismissed.

3.7.2  Epidemiology/Risk Factors

The only population-based epidemiological 
study finds an incidence of 0.4 per million for 
spermatocytic tumors, constituting 0.6 % of all 
testicular cancers in Australia. An increasing 
incidence over the past 20 years is suggested but 
has not been found statistically significant; risk 

Table 3.3 Germ cell markers in spermatocytic tumor [631]

Marker Spermatocytic tumor Gonocytes Spermatogonia Spermatocytes

MAGEA4 + + + +/˗
SSX + + + +

DAZ family + + + +

CHK2 + + + −
KIT − +a +/˗a −
PLAP − +a − −
OCT4 − +a − −
NSE + +/˗ + −
p19INK4d − − − +

UTF1 +/˗ +/˗ + −
DMRT1 + − + +

NY-ESO-1 + + + +

FGFR3 + + + −
RAS + + + +

pERK1/2 + + + ND

REX-1 +/˗ +/˗ +/˗ +

SYCP1 + − − +

LDHc + − − +

CLGN + − − +

TCFL5 + − − +

Table 3.1 in Waheeb and Hofmann 2011 [631]
+/˗ weak or variable staining
aModified according to Oosterhuis et al. 2011 [348]
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factors have not been identified [638]. In about 
9 %, the tumor is bilateral, more often meta-
chronous than synchronous [244, 630]. The 
median age of clinical manifestation is 54 (range 
19–92) [638].

3.7.3  Anatomical Distribution

Spermatocytic tumor occurs only in the postpu-
bertal testis [630]. There is one report on a tumor 
originated in a maldescended testis [639]. 
Apparently, the tumor develops only if the con-
ditions in the testis are compatible with survival 
of postnatal germ cells and induction of 
spermatogenesis.

3.7.4  (Cyto)Genetics

Most spermatocytic tumors are (near)diploid, the 
second largest group is (near)tetraploid, and a 
small number is peritriploid [640–642]. The most 
consistent cytogenetic aberration, present in all 
studied tumors, is an extra copy of chromosome 
9 [643, 644], in which subsequent CGH analysis 
demonstrated a small amplified region on 9p, 
containing DMRT1 as the most likely candidate 
gene involved in tumorigenesis [645]. In passing, 
DMRT1 has been shown to be an immunohisto-
chemically detectable, useful marker for diag-
nosing spermatocytic tumor, apparent from Fig. 
3.28 [645]. A small number of tumors, usually in 
the oldest half of the patients, have mutually 
exclusive, paternal age-related mutations in 
FGFR3 or HRAS [646]. p53, not expressed in 
normal postpubertal germ cells, is demonstrated 
in 80 % of spermatocytic tumors, supposedly 
related to genomic instability [647].

The metastasizing anaplastic spermatocytic 
tumor published by Mikuz [634] resembled sem-
inoma morphologically but lacked expression of 
PLAP and OCT4; cytogenetically, it had gain of 
both chromosome 9 and 12p. This tumor seems a 
hybrid between seminoma and spermatocytic 
tumor, whereby the phenotype is partly deter-
mined by overexpression of DMRT1, partly by 
the overdose of the pluripotency genes on 12p, 

perhaps not adequately repressed by DMRT1 
[189]. This is yet another example of the plastic-
ity of developmental states of precursors of GCT, 
blurring, in this case, the line between type II and 
type III GCT.

3.7.5  Epigenetics Including GI

An immunohistochemical study found a hetero-
geneous pattern of DNA methylation and his-
tone modification in spermatocytic tumors, 
quite different from the regular patterns in nor-
mal spermatogenesis, probably because the reg-
ulatory signals conveyed by the niche toward 
the spermatogenetic cells are lacking in the 
tumors [648].

3.7.6  Pathogenesis and Animal 
Models

Spermatocytic tumor is not associated with 
GCNIS [481, 640]; however, it has its own intra-
tubular precursor, at the luminal side of the tight 
junctions connecting the Sertoli cells, with essen-
tially the same morphology as the adjacent inva-
sive tumor [244, 628–630]. The occasional 
finding of exclusively intratubular spermatocytic 
tumor without an invasive component proves that 
the intratubular part is not due to intratubular 
extension of the invasive component [244, 630] 
and indeed the precursor lesion. Unlike GCNIS, 
it shows no obvious accumulation of precursor 
cells in the spermatogonial niche, neither as 
stacking of multiple layers of precursor cells nor 
as pagetoid extension within the seminiferous 
tubules to the detriment of spermatogenesis. It is 
possible that the precursor cells are phenotypi-
cally so similar to normal spermatogonia that 
expansion in the niche is not recognized with 
light microscopy, including immunohistochemis-
try. Alternatively, only the spermatogonial tumor 
stem cells remain in the niche, and upon the earli-
est differentiation, the tumor cells, like their nor-
mal counterparts, move to the lumen of the 
tubule. Finally, it is possible that the initiated cell 
lies at the luminal side of the tight junctions. 
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Whatever the initial development, eventually the 
tumor cells become invasive and apparently inde-
pendent from the tubular micro-milieu. It is 
indeed remarkable that fragile, apoptosis-prone 
cells like spermatogenic cells manage to survive 
in conditions so alien to them.

Studies in mouse models and human tumors 
begin to untangle the molecular mechanisms, 
both in the germ and niche cells, involved in mat-
uration of postnatal male germ cells and control-
ling the mitosis versus meiosis switch, and how 
these might bear on the development of sper-
matocytic tumors.

Glial cell line-derived neurotrophic factor 
(GDNF), a distant member of the transforming 
growth factor superfamily, is secreted by Sertoli 
cells as paracrine factor involved in the regula-
tion of spermatogonial self-renewal and differen-
tiation in mouse and men ([649], for review 
[631]). Spermatogonial stem cells express the 
GFRA1/RET receptor complex at the cell sur-
face. Binding of GDNF to this complex upregu-
lates MYCN transcription factor via the PI3K/
AKT pathway and FOS transcription factor via 
the RAS/ERK1/2 pathway (Fig. 3.29), as well as 
FGFR2 in spermatogonial stem cells. Other niche 
factors are FGF2, the ligand for FGFR2, pro-
duced by Sertoli cells, and CSF-1 secreted by 
Leydig cells (Fig. 3.30). Downregulation of 
GDNF in mice causes a Sertoli cell-only pheno-
type with complete absence of spermatogenic 
cells. Overexpression causes accumulations of 

undifferentiated spermatogonia in seminiferous 
tubules, resembling intratubular spermatocytic 
tumor, abrogation of spermatogenesis, and 
tumors in older animals, which are bilateral in 
over 50 %. By geno- and phenotype, the tumors 
have intermediate phenotypes between type II 
seminoma and spermatocytic tumors [650, 651], 
like the tumor described by Mikuz [634].

DMRT1 is the transcriptional gatekeeper con-
trolling the mitosis versus meiosis decision in 
male germ cells [652]. It prevents differentiation 
and meiosis of spermatogonial cells by blocking 
the transcription of STRA8 and rendering these 
cells less sensitive to RA-induced meiosis. At the 
same time, it upregulates SOHLH1, a factor 
stimulating proliferation of spermatogonial stem 
cells, and suppresses the pluripotency genes 
NANOG, SOX2, and OCT4. Decreasing the level 
of DMRT1 disrupts GDNF signaling, cell cycle 
control, and pluripotency regulation. In 129Sv 
mice, but not in other mouse strains, it causes 
teratoma formation in a dose-dependent manner, 
probably due to failure to repress pluripotency 
regulators and reduced GDNF signaling. 
Postnatally elevated DMRT1 and GDNF signal-
ing blocks differentiation of spermatogonial stem 
cells, resulting in tumors resembling spermato-
cytic tumors [189].

From these studies, it appears that both niche 
factors and factors intrinsic to spermatogonial 
stem cells may contribute to the formation of 
spermatocytic tumors. Overexpression of GDNF 

Fig. 3.28 Exclusively intratubular spermatocytic tumor, the precursor of spermatocytic tumor; no pagetoid involve-
ment of adjacent tubules as in GCNIS (left H and E, ×200; right DMRT1, ×200)
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Fig. 3.29 Signaling pathways triggered by GDNF in 
spermatogonial stem cells. GDNF dimerizes and binds to 
the GFRA1⁄RET receptor complex. (a) Binding of GDNF 
activates RET, which triggers SRC kinase phosphorylation 
and the downstream activation of PI3K⁄AKT. Ultimately, 
the transcription factor MYCN is upregulated. (b) Binding 
of GDNF also can activate the RAS-mediated signaling 
pathway, which triggers ERK1⁄2 phosphorylation and 
upregulation of the transcription factor FOS [631]
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Fig. 3.30 A simplified view of the spermatogonial stem 
cell niche showing the main extrinsic factors driving SSC 
maintenance and self-renewal. Sertoli cells and spermato-
gonial stem cells (SSCs) are both attached to the basement 
membrane (BM). Sertoli cells provide for structural sup-
port and produce glial cell line-derived neurotrophic fac-
tor (GDNF) and basic fibroblast growth factor (bFGF) 
which are crucial for SSC self-renewal in vitro and 
in vivo. Leydig cells (L) and peritubular cells (PE) pro-
duce colony-stimulating factor-1 (CSF-1), also essential 
for self-renewal [631]

by Sertoli cells and CSF-1 by Leydig cells, per-
haps in response to reduced spermatogenesis in 
aging men, might explain the old age of clinical 
manifestation and the relatively high risk of bilat-
eral tumors, like in the mouse model [650, 651]. 
The niche factors may synergize with cell- 
intrinsic factors, also acquired with increasing 
age, such as elevated levels of DMRT1 through 
gain of chromosome 9 [645], and accumulation 
of paternal age-related mutations in HRAS and 
FGFR3 [646].

It is an emerging pattern: like in the other 
types of GCT, in spermatocytic tumors, initiation 
is probably primarily due to a developmental 
deregulation rather than somatic mutations, the 
latter being mainly progression related.

So-called seminomas have been described as 
spontaneous tumors in a variety of animals, like 
the dog [653] and rhinoceros [654], and have 
been experimentally produced, e.g., in C. elegans 
[655], zebrafish [393–395], and mice [651]. 
None of these can be reprogrammed to totipo-
tency like type II seminomas in men and are 
therefore best regarded as models for spermato-
cytic tumors, sharing some features with semino-
mas [629, 653]. In dogs, the often bilateral, 
DMRT1-positive [656], spermatocytic tumors 
are frequently combined with nodular hyperpla-
sia or even benign tumors of Leydig and Sertoli 
cells [653], supporting the idea that disturbance 
of the hormonal regulation of the spermatogonial 
niche is a crucial factor in the origin of spermato-
cytic tumors.

3.8  Type IV GCT

3.8.1  Developmental Potential

Dermoid cysts, type IV GCT, are unique for the 
ovary as they are derived from meiotic oocytes 
[657]. Typically, completely mature teratomas, 
they present as a thin-walled cyst lined with epi-
dermis with attached appendages and filled with 
sebaceous material and hairs. Usually one solid 
nodule (Rokitansky’s protuberance) protrudes 
from the wall into the lumen of the cyst. It is 
often composed of fat tissue, bone, teeth (with 
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intermediate shapes between deciduous and per-
manent teeth) [658], and glial tissue and covered 
with skin with well-developed appendages 
including hair follicles forming hairs. The nod-
ules mainly contain cranial tissues, suggesting 
that they represent the rostral part of an attempted 
embryo; however, virtually any adult tissue can 
be present. Exceptional tumors are predomi-
nantly solid with highly organized structures 
resembling a fetus, lacking extraembryonic tis-
sues, as is the case in typical dermoid cysts. 
Benign tumors, such as struma ovarii and carci-
noids, may arise within a dermoid cyst. Probably 
so-called monodermal teratomas similarly have 
their origin in dermoid cysts, eventually 
obscured by overgrowth of one tissue type. 
Epidermoid cysts may be a variant of monoder-
mal teratoma [659], as in the testis. Monodermal 
teratomas could also originate in type I and II 
GCT of the ovary, as discussed in the relevant 
sections. Somatic-type malignancies develop 
reportedly in 0.2–3 % of dermoid cysts, includ-
ing, in order of frequency, squamous cell carci-
noma (80–90 %), adenocarcinomas (7 %), and 
sarcomas (7 %). Among the many rare types, 
PNET is also described (Chap. 6). A peculiar 
association with dermoid cysts is gliomatosis 
peritonei [660, 661], which will be discussed in 
the section on type VI GCT.

Sporadically, dermoid cysts contain imma-
ture foci, even more exceptionally combined 
with YST [133], prompting Yanai-Inbar and 
Scully to study the relationship between imma-
ture teratoma and the dermoid cyst [130]. 
Among 350 immature teratomas of the ovary 
submitted to the authors for second opinion, 92 
(26 %) contained one or more grossly visible 
cysts lined by squamous epithelium with pilo-
sebaceous structures. The figure of 26 % is 
most probably an overestimation because 
unusual cases are sent for consultation. In 
10 % of all 350 cases, there was a dermoid cyst 
in the contralateral ovary, which is not much 
different from the percentage of bilaterality for 
dermoid cysts. In nine cases (aged 17–28, 
mean 23 years) of immature teratoma, there 
was a history of prior removal of a dermoid 
cyst in the same ovary. Four of these nine cases 

had a dermoid cyst in the other ovary, and three 
cases had multiple dermoid cysts in the same 
ovary. In addition, the authors had ten referral 
cases (aged 15–30, mean 23 years), collected 
over a period of 23 years, of otherwise typical 
dermoid cysts with minor immature areas, 
which did not recur after surgery, as usual for a 
dermoid cyst.

These cases illustrate a continuum between 
the typical dermoid cyst, type IV GCT, and type I 
immature teratomas of infancy. The ten dermoid 
cysts with small foci of immature teratoma are 
probably type IV GCT of which not all tissues 
had fully matured, consistent with the young age 
of these patients. The nine dermoid cysts recur-
ring as immature teratoma belong probably to the 
same group as the 92 immature teratomas with 
macroscopically visible dermoid cysts. These 
tumors have an intermediate behavior and pheno-
type between type I and type IV, with an age of 
presentation in between that of pure immature 
teratomas and dermoid cysts and bilaterality like 
in dermoid cysts, whereas bilaterality is rare in 
pure immature teratomas [130, 131, 662]. These 
features justify the classification of these GCT as 
type I tumors beyond infancy, which occur also 
in the testis and extragonadal sites, in particular 
in the anteroposterior mediastinum, as discussed 
earlier.

3.8.2  Epidemiology/Risk Factors

Cancer registries do not provide data on the inci-
dence of dermoid cysts as they are benign tumors. 
The best approximation is achieved by multiply-
ing the frequency of dermoid cysts relative to 
cancers of the ovary (from hospital registries) 
with the incidence of the latter (from cancer reg-
istries) in the same region/country, as follows. 
Among 861 self-referred patients with an ovarian 
tumor, all of whom were treated in a single hos-
pital (Women’s and Children’s Hospital, Los 
Angeles, CA), and therefore without obvious 
referral bias [663], dermoid cysts were the most 
common tumors with 379 cases (44 %); 211 
tumors were malignant (25 %). The incidence of 
ovarian cancer in Northern America being 8.1 in 
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2012 [664], the incidence of dermoid cysts of the 
ovary can be estimated at about 13, making it 
overall the most common GCT, more frequent 
even than testicular type II GCT in high- incidence 
countries.

As for age of presentation, in a review of 517 
dermoid cysts from a single institution, the two 
youngest patients were 10 and 13 years of age, 
the median age was 30, and the oldest patient 90. 
There were no prepubertal cases, and the large 
majority of dermoid cysts occur in the reproduc-
tive age between the onset of puberty and meno-
pause [233]. The tumors diagnosed after the 
menopause probably had their origin during 
reproductive age [130]. Bilaterality occurred in 
10.8 %; in seven cases, the dermoid cyst was 
associated with a malignant or benign epithelial 
surface tumor. Upon long-term follow-up, 
Anteby et al. [133] found 18 bilateral cases 
among 99 patients; multiple dermoid cysts in a 
single ovary were found in 9/18 bilateral cases as 
opposed to 1/81 unilateral cases. The mean age 
was similar for uni- and bilateral cases: 32.4 and 
34.6 years, respectively. However, the age distri-
bution was significantly different: 18/19 cases 
(95 %) were between 20 and 40 years old in uni-
lateral compared to 61/80 (76 %) in bilateral 
cases, implying that overall bilateral cases are 
diagnosed at a younger age. Bilateral cases had a 
significantly higher risk of developing a recur-
ring dermoid cyst. In familial cases where later-
ality was stated, 11/28 (39 %) were bilateral, and 
among the patients who were twins or triplets, 
9/12 (75 %) were bilateral [134, 135]. One of the 
identical twins [533] had over the years seven 
dermoid cysts removed from her left and one 
from her right ovary. The age of diagnosis of the 
first tumor in the familial bilateral cases was 
known in ten patients; all presented between age 
7 and 26, with a median age of 22.5, substan-
tially younger than in nonfamilial bilateral cases 
[133]. These case histories strongly suggest a 
genetic predisposition for bilaterality and famil-
ial occurrence of type IV GCT of the ovary, 
which may also confer an increased risk for type 
II GCT, in view of two families with clustering 
of bilateral dermoid cysts with testicular semi-
noma [524, 531].

3.8.3  Anatomical Distribution

Dermoid cysts occur exclusively in the ovaries; on 
rare occasions, they may become detached from the 
ovary and reimplanted in either omentum [665], fal-
lopian tube [666], or Douglas’ pouch [667]. In four 
of the 31 omental and one of the 29 tubal cases, 
there was also a dermoid cyst in one of the ovaries.

Tumors in the testis and extragonadal sites 
resembling dermoid cysts have been discussed 
earlier as type I GCT beyond infancy, with a 
developmental potential in between that of type I 
and type IV GCT, probably explained by the 
arrest of PGC in the prophase of meiosis I at all 
anatomical sites, except within the seminiferous 
tubule [58, 59]. As discussed above, GCT with an 
intermediate phenotype between type I and IV 
occur also in the ovary.

3.8.4  (Cyto)Genetics

In the study by Surti et al. [668], 93 % of dermoid 
cysts were diploid, and the remaining 7 % had 
chromosomal abnormalities including trisomy for 
chromosomes 7, 8, 12, 15, and X; one case was 
tetraploid in mosaic form; there were no recurring 
structural aberrations. Trisomy for chromosomes 8, 
12, and X is shared with immature teratomas [668]. 
Somatic-type malignancies developing in dermoid 
cysts have the same genetic profiles as the adjacent 
dermoid cysts, confirming their origin in the tera-
toma [669]. In general, the somatic-type malignan-
cies have the same genetic changes as their somatic 
counterparts. For example, malignant struma ovarii 
has the same BRAF point mutations as papillary 
carcinomas of the thyroid [670, 671].

Most significantly, the genomic profile and 
pattern of imprinting of dermoid cysts reflects 
the stage of meiosis of the oocytes from which 
they are derived, as will be discussed in the fol-
lowing paragraphs.

3.8.5  Epigenetics Including GI

The process of erasure of biallelic imprinting in 
the germ lineage and the establishment of the 
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maternal imprint during oogenesis has bearing on 
the pathogenesis of type IV GCT, the dermoid 
cysts of the ovary [16, 86]. Pronuclear transplan-
tation experiments [3–5] have demonstrated that 
gynogenotes, with two haploid sets of maternally 
imprinted chromosomes, have a relatively good 
development of the embryo proper but very poor 
development of trophoblast, particularly the pla-
centa. In contrast, androgenotes with two haploid 
sets of paternally imprinted chromosomes have a 
relatively normal development of the placenta but 
a very poor development of embryonic tissues 
(Fig. 3.31). The strong preference of the mouse 
gynogenote for developing somatic tissues is 
mirrored by the dermoid cyst, which is typically 
only composed of highly organized mature 
somatic tissues. Like in the gynogenote, the chro-
mosomes of dermoid cysts lack paternal imprint-
ing but share the maternal imprinting pattern of 
the oocytes from which they are derived [672]. 
The further the stage of meiosis of the oocyte, the 
better the maternal imprinting pattern is estab-
lished in the derived dermoid cyst, suggesting 
that GI is a progressive process throughout 
oogenesis [672].

3.8.6  Pathogenesis and Animal 
Models

Ever since Linder [673] discovered the parthe-
nogenetic origin of dermoid cysts by looking at 
allelic loss of isozymes, this mechanism has 
been reinvestigated with state-of-the-art tech-
nology, including study of chromosomal poly-
morphic markers and various DNA 
polymorphisms [668, 672, 674–680]. For vari-
ous reasons, such as inadequate sample prepa-
ration, selective growth of host fibroblasts in 
tissue culture, and a poor noise to signal ratio in 
the applied assays, contaminating host cells 
have been interpreted as tumor cells along with 
genuine neoplastic cells. Therefore, the 
genomic profile of premeiotic oogonia and host 
cells being the same, a proportion of  dermoid 
cysts have been misclassified as derived from 
premeiotic oogonia [657], e.g., in 12 % by 
Ohama [680] and 25 % by Deka et al. [681]. 

Kaku et al. [657] have addressed this problem 
by careful sample preparation and quantitative 
measurement of the signals from tumor cells 
and contaminating host cells, enabling them to 
demonstrate allelic conversions (from hetero- 
to homozygous and vice versa) even in the 
presence of somatic cell contamination. They 
found allelic conversion in all samples taken 
from Rokitansky’s protuberance; therefore, 
none of the 64 analyzed dermoid cysts could 
have been derived from a premeiotic oogonium, 
33 stemmed from primary oocytes, 16 from 
secondary oocytes, and 15 from ova (with 
endoreduplication) (Fig. 3.32). Apart from the 
absence of oogonium-derived dermoid cysts, 
the distribution over the stages of oogenesis 
was similar as in previous studies [668, 678–
680]. The equivalence of numbers of dermoid 
cysts derived from primary oocytes, secondary 
oocytes, and ova is unexpected, considering 
that nearly 300,000 primary oocytes exist 
through adolescence [682] and only about 20 
primary follicles begin to form secondary fol-
licles during the menstrual cycle, in which sub-
sequently secondary oocytes and ova develop. 
In view of these numbers, one would expect 
that almost all teratomas would be derived from 
primary oocytes. This obviously not being the 
case, Kaku et al. [657] propose that dermoid 
cysts are not derived from functional oocytes 
but from primary oocytes that have escaped 
meiotic arrest and start uncontrolled meiosis. 
This could explain the lack of premeiotic tera-
tomas and the almost even distribution over the 
later stages of oogenesis (Fig. 3.33). As meiotic 
arrest is hormonally regulated [683], this mech-
anism also clarifies why dermoid cysts occur 
during reproductive age [233]. Moreover, it is 
conceivable that the assumed genetic factor 
underlying proneness for bilaterality and famil-
ial occurrence of type IV GCT is also involved 
in the regulation of meiotic arrest. Thus, it 
seems probable that, as in other GCT, the origin 
of type IV GCT is mainly determined by devel-
opmental factors, with a minor role for genetic 
events.

The rare but well-established phenomenon of 
ovarian teratomas developing as a fetiform 
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structure (homunculus) [684–686] attests to the 
close to omnipotent developmental potential 
(2C state) of some of the precursor cells of ovar-
ian mature teratomas, except for the ability to 
form trophoblastic tissue. In fact, the principal 
difference with a type 0 GCT, a parasitic or 
included twin, is the absence of extraembryonic 
structures, in agreement with the absence of a 
paternal imprint. It is conceivable that homun-
culi develop from precursor cells with the most 
complete maternal imprinting, closely resem-
bling a zygote. The usual dermoid cysts, mainly 
composed of tissues from the rostral part of the 
embryo, with the skin turned inside, might 
develop from precursor cells with incomplete 

maternal imprinting. These observations on 
type IV GCT lead to the speculation that the 
spatial-temporal organization of embryonic 
development is somehow related to the progres-
sion of maternal imprinting and that a complete 
maternal imprint is required for developing the 
entire embryo proper.

At the other end of the spectrum are the poorly 
developed dermoid cysts, prone to rupture and 
combined with immature teratoma [130], in the 
gray zone between type I and type IV GCT, 
which are probably derived from the least mature 
primary oocytes next to premeiotic oogonia. The 
latter cells are the precursors of type I immature 
teratomas of the ovary as discussed.

a b c

Fig. 3.31 Compare development of control embryo (a) 
with that obtained from eggs with two maternal genomes 
(b) in which a small but well-advanced 25-somite embryo 
was the maximum development but with poor extraem-

bryonic tissues. The eggs with two paternal nuclei devel-
oped maximally to about the 6- to 8-somite stage but with 
extensive trophoblast development (c). YS yolk sac, TB 
trophoblast. Scale bar, 1 mm [5]
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3.9  Type V GCT

3.9.1  Developmental Potential

Complete hydatidiform moles, type V GCT, con-
sist of placental tissue only, lacking somatic tis-
sues of the embryo proper. A comprehensive 
discussion of these abnormal growths of the 
 placenta is beyond the scope of this chapter (for 
review [687–689]). They are briefly mentioned 

here to show that complete hydatidiform moles 
are in the opposite side of the spectrum of devel-
opmental potential from dermoid cysts, which 
are composed of somatic tissues and lack tropho-
blastic tissue.

Grossly, a complete hydatidiform mole resem-
bles a bunch of grapes, whereby the individual 
grapes represent enlarged placental villi covered by 
hyperplastic trophoblast with cyto-nuclear atypia 
and thus to be considered as dysplastic. The 

1st Polar bodyMeiotic division

Meiosis I

Oogonium

No meiosis

Type-IV Type-I Type-II Type-III

Origin of tertomas

Type-V

Meiosis I error Meiosis II error Endoreduplication Fusion of two ova

Secondary
oocyte

Primary
oocyte

Ovum Ovum

Meiosis II

2nd Polar body

Fig. 3.32 Graphical representation of the origins of 
mature ovarian cystic teratomas and the relevance of mei-
otic division. The origins of mature cystic teratomas are 
conceptually classified into five types. Type I teratomas 
result from a meiosis I error, in which the segregation of 
sister chromatids occurs without a preceding mono- 
oriented separation of bivalent chromosomes, generating 
biparental diploid cells with homologous DNA recombi-
nation. Type II teratomas result from meiosis II errors, in 

which the nondisjunction of all sister chromatids gives 
rise to diploid cells with homologous DNA recombina-
tion. Type III teratomas occur via endoreduplication of a 
haploid ovum, which is entirely mono-allelic. Type IV 
teratomas arise from oogonia. The constitution of chro-
mosomes from type IV teratomas is identical to those 
from somatic cells. Type V teratomas involve a fusion of 
two normal haploid ova [657]
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increased size is due to accumulation of fluid, prob-
ably caused by defective vasculogenesis and apop-
totic degeneration of villous stromal components 
[690, 691]. Rarely, molar tissue metastasizes to the 
vagina or lungs. In agreement with its dysplastic 
nature, it may progress to choriocarcinoma in 
2–3 % of cases [692]. Malignant transformation is 
possibly driven by hypomethylation- associated 
genomic instability [693], as trophoblast and pla-
centa are hypomethylated compared to somatic tis-
sues (for review) [694]. More specifically, promoter 
hypermethylation of p16 alone or combined with 
E-cadherin is associated with progression of hyda-
tidiform mole to choriocarcinoma [695]. In fact, 
50 % of all gestational choriocarcinomas originate 
from complete hydatidiform moles [696].

3.9.2  Epidemiology/Risk Factors

The incidence of gestational trophoblastic dis-
ease, mostly complete hydatidiform moles, is 1 in 
120 pregnancies in some parts of Asia and South 
America, more than tenfold higher than in Western 
societies. Risk factors are pregnancy at young or 
old age, prior gestational trophoblastic disease, 
Asian ethnicity, and possibly dietary deficiencies 
and low socioeconomic status (for review [689]).

A pathogenetically informative genetic risk 
factor is the presence of maternal mutations of 
NALP7/NLRP7 on 19q13.4; the protein NALP is a 
member of the CATERPILLER protein family 
involved in inflammation and apoptosis. The 
mutation causes abnormal imprinting with overex-

Physiological folliculogenesis

Meiosis I

Meiosis II

Ovulation

Uncontrolled
meiosis

Meiotic arrest escape

PGC

Teratoma formation

Type-II
Type-III

Type-I

Secondary oocyte

Granurosa cells

Primary oocyte

Fig. 3.33 The postulated mechanism of human ovarian 
teratoma formation. The source cells are proposed to be 
primary oocytes that escaped from meiotic arrest. 

Subsequent uncontrolled meiotic division could produce 
ovarian teratomas. PGC primordial germ cell [657]
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pression of the paternal genome, resulting in 
recurrent familial biparental complete hydatidi-
form moles and reproductive wastage [697].

3.9.3  Anatomical Distribution

Complete hydatidiform moles develop where 
pregnancies occur, virtually always in the uterus 
and occasionally in the fallopian tube as an ecto-
pic pregnancy [698].

3.9.4  (Cyto)Genetics/Epigenetics 
Including GI

Complete hydatidiform moles are generally dip-
loid with a 46,XX (90 %) or 46,XY (10 %) 
karyotype [699, 700]; rare cases are tetraploid 
with four haploid sets of paternal chromosomes 
[701]. As a consequence of this chromosomal 
constitution, the genome of these lesions has an 
exclusively paternal GI, as will be further dis-
cussed in the following section.

3.9.5  Pathogenesis and Animal 
Models

Complete hydatidiform moles are caused by so- 
called androgenesis with two haploid sets of 
chromosomes from the father and none from the 
mother [702]. 46,XX complete hydatidiform 
moles arise from fertilization of an anuclear 
empty ovum by one 23,X sperm that replicates its 
chromosomes; when a 23,Y sperm is involved, 
this event results in a nonviable zygote. Complete 
hydatidiform moles with a 46,XY karyotype are 
the result of fertilization of an empty ovum by 
two sperm, respectively, with a Y and an X chro-
mosome. Both mechanisms create a zygote with 
an exclusively paternal imprint, which gives rise 
to placental tissue only and no somatic tissues of 
the embryo proper, similar to experimentally pro-
duced mouse androgenotes [3, 4].

A partial mole constitutes an intermediate 
phenotype between a complete mole and a nor-
mal pregnancy; it arises when a normal ovum is 

fertilized by two sperm (69,XXY in 70 %; 
69,XXX in 27 %; 69,XYY in 3 %) [703, 704]. 
Partial moles have enlarged hydropic placental 
villi in addition to normal villi combined with 
some development of tissues of the embryo 
proper [705].

The partial mole and maternal mutations of 
NALP7/NLRP7 demonstrate the critical impor-
tance of the dose of paternally and maternally 
imprinted genes. Apparently, an overdose of 
paternally imprinted genes favors placental and 
severely impairs embryonic development. The 
apoptosis of stromal cells and the defective ves-
sels (both derived from the embryo proper) 
observed in very early complete hydatidiform 
moles [691] and the poorly developed fetal tis-
sues in a partial mole suggest that somatic tissues 
may be formed but degenerate in an embryo with 
an exclusively or predominantly paternally 
imprinted genome.

The precursor cell of the hydatidiform mole 
has the 2C-state developmental potential, except 
for the ability to form/maintain somatic tissues of 
the embryo proper.

3.10  Type VI GCT

3.10.1  Definition

Type VI GCT are defined as neoplasms derived 
from mature somatic cells or committed stem 
cells, which resemble GCT as to their develop-
mental potential.

The observation that genetically engineered 
iPSC may form tumors with the developmental 
potential of GCT is experimental support for this 
concept.

3.10.2  Developmental Potential 
of Genetically 
Engineered iPSC

The first human iPSC derived from somatic cells 
[70] and NSC [72] when grafted in mice report-
edly produced teratomas with mature somatic 
derivatives from the three germ layers. In the 
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meantime, it has become clear that iPSC also may 
give rise to other tumor types such as EC, imma-
ture teratoma (often primitive neuroectodermal 
tissues), YST, and somatic-type malignancies. The 
composition of the tumors depends on the induced 
cell type (with varying numbers of somatic muta-
tions) and the genes combined in the transducing 
vectors (vectors including MYC carry a significant 
risk of developing malignant GCT) (for review 
[706, 707, 321, 625]). Each of the consecutive 
steps in the procedure of induction of pluripotency 
may contribute to carcinogenesis: integration of 
gene delivery vectors and transgenes into genomes 
of the host cells; chromosomal damage during 
reprogramming; clonal selection for transformed 
colonies during iPSC expansion; incomplete 
reprogramming; failure to silence pluripotent net-
works in differentiated progeny; DNA damage 
accumulated during cell culture, so-called culture 
adaptation; and aberrant regulation of the imprint-
ing process [321]. Culture adaptation involves 
gain of (parts of) chromosomes in particular the 
chromosomes 12 (12p) [708, 709], 17 (17q) [708–
710], 20 (20q11.21) [710–713], and X [708, 714]. 
In fact, the gains are remarkably similar to those 
seen in type II GCT [303].

Notably, premature termination of reprogram-
ming in vivo was shown to cause the develop-
ment of a pediatric cancer (Wilms’ tumor) 
through altered epigenetic regulation [715]. Also 
the recipient tissue for the graft is an important 
factor: human ESC transplanted into mice gave 
teratomas; however, when transplanted into 
human fetal tissue grafts in mice, they gave rise 
to pure EC [716]. The developmental potential of 
human iPSC with an intact genome is similar to 
that of human ESC, matching with the primed 
state of mouse ESC derived from the primitive 
ectoderm [706] and thus with type I GCT. Genetic 
aberrations and epigenetic modifications acquired 
in the derivation of iPSC may result in a higher 
capacity of self-renewal of the stem cells and 
thus the development of tumors containing EC or 
consisting of pure EC [321, 706, 717]. The devel-
opmental potential of these iPSC acquires fea-
tures of the naïve state with totipotent 
developmental potential corresponding with 
human erased PGC, mouse ESC derived from the 

ICM, and the non-seminomatous variants of type 
II GCT. Seminoma, pure or as part of a mixed 
tumor, has not been reported. In fact, human 
iPSC often have a developmental potential some-
where in between that of type I GCT and type II 
non-seminomas and may be accompanied with 
somatic-type malignancies, such as can occur in 
both types of GCT. MYC with its central role in 
core pluripotency networks, involving NANOG, 
OCT4, and SOX2, and at the same time being an 
oncogene [321] is probably crucial for both the 
change in developmental potential of the iPSC 
and the causation of somatic malignancies.

3.10.3  Developmental Potential 
of Spontaneous Type VI GCT

It is well established that in humans there are 
somatic malignant tumors, apparently not derived 
from germ cell precursors, in which GCT compo-
nents develop. Examples are sinonasal teratocar-
cinosarcomas (for review [220, 718]), cancer of 
the stomach [719], urothelial cancer [720], and 
endometrioid adenocarcinomas [721]. GCT aris-
ing in association with endometriosis and epithe-
lial cancers of the ovary are comprehensively 
discussed in Chap. 6. So is gliomatosis peritonei, 
a rare condition often associated with immature 
teratoma of the ovary, characterized by the pres-
ence of mature glial tissue in the peritoneum, 
considered implants from the teratoma [661, 
722]. It has been suggested that gliomatosis 
might in rare cases develop directly from perito-
neal cells, in particular when associated with 
endometriosis [661, 723]. Possibly in support of 
a broad developmental capacity of mesothelial 
cells, ovarian surface epithelium, scraped from 
the ovary of postmenopausal women, reportedly 
expressed early embryonic developmental mark-
ers such as stage-specific embryonic antigen-4 
(SSEA-4), OCT4, NANOG, and SOX2. When 
grown in culture, they were claimed to form 
oocyte-like cells, expressing markers of oocytes, 
as well as blastocyst-like structures expressing 
OCT4, SOX2, and NANOG; however when 
grafted in SCID mice, the ultimate test for pluri-
potency, no teratomas were formed [724, 725].
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There are scattered reports in the literature of 
highly malignant GCT [726] sometimes in com-
bination with somatic malignancies [727] that for 
various reasons do not readily fit into the types 0 
to V of GCT. They lack the treatment sensitivity 
of GCT, occur usually at a much higher age than 
GCT, or at sites that are not compatible with par-
asitic twinning or mismigration of PGC, such as 
the foot [728] and the upper arm [729].

The developmental potential of these tumors 
is not unambiguously that of a type I or II GCT 
and resembles the potential of tumors produced 
upon grafting of iPSC. GCT arising in ovarian 
cancer, for example, may contain EC cells 
(expressing OCT4 and SOX2 and inconsistently 
CD30) in addition to polyembryoma, somatic 
lineages, YST, and choriocarcinoma [730] (Chap. 
6). Indeed, strongly suggesting that these GCT 
components result from induction of pluripo-
tency in somatic (cancer) cells, as will be dis-
cussed hereafter.

3.10.4  Epidemiology/Risk Factors

There are no epidemiological studies, as type VI 
GCT is emerging; the numbers of cases are small, 
and the patient material is heterogeneous. What 
the patients have in common is their high age 
(median 50–60), much higher than usual for 
GCT, apart from type III, spermatocytic tumor. 
This is true for the GCT associated with ovarian 
cancer (Chap. 6), the sinonasal teratocarcinosar-
comas [718], and the GCT described by Van 
Echten et al. [726] and Noguera et al. [727].

3.10.5  Anatomical Distribution

The anatomical distribution is in accordance with 
the various types of cancer in which development 
of GCT components occurs, like cancer of the 
ovary and stomach as mentioned. The sinonasal 
teratocarcinosarcomas are virtually always 
located in the nasal cavity and/or ethmoid sinus 
with occasionally extension into the maxillary 
sinus or orbit [220]. The location of the tumors 
described by Van Echten et al. and Noguera et al. 

was atypical for primary GCT, certainly consid-
ering the old age of the patients and included ret-
roperitoneum, posterior mediastinum, and inside 
the sacrum.

Scotting and colleagues [139, 168] have pro-
posed that GCT of the brain are derived from 
NSC, induced to pluripotency by activation of 
OCT4, like the iPSC produced by Kim et al. [72]. 
However, in terms of developmental potential, 
epidemiology, anatomical localization, and (cyto)
genetics, they fit into the overall pattern of type I 
and II GCT. Moreover mis-migrated PGC, the 
most likely precursor cells of these tumors, have 
been demonstrated in the brain of human embryos 
[52]. In fact, there are no convincing arguments 
to assume another cell of origin for GCT of the 
brain, than the current hypothesis that they are 
derived from PGC.

3.10.6  (Cyto)Genetics

Little is known on the genetics of GCT originated in 
somatic cancers. There was no gain of 12p in three 
sinonasal teratocarcinosarcomas [731]. Thomas 
et al. [732] demonstrated by ISH an extra copy of 
12p13 (a feature of type I GCT) in a subpopulation 
of cells in a nasal teratocarcinosarcoma.

The three atypical GCT described by Van 
Echten et al. [726] and Noguera et al. [727] were 
karyotyped and showed complex balanced trans-
locations, with 6p21 being a common breakpoint 
in each of them; chromosome 12 was not involved 
in these cases. The two cases described by Van 
Echten shared two chromosomal fusions: 
6p21::11q13 and 6p22::6q23. Despite consider-
able efforts, the breakpoints were never fully 
characterized at the molecular level [733]. The 
nasal immature teratoma described by Houri 
et al. [221] was diploid with a balanced translo-
cation t(1;11)(q12;p15).

3.10.7  Epigenetics Including GI

There are no specific data on the epigenetics of 
type VI GCT; however, in view of the often high 
age of the patients, it may be assumed that 
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gradual loss of DNA methylation may have 
resulted in aberrant gene activation [734]. This 
applies even more to advanced cancers, where 
epigenetic changes may disrupt the stem cell pro-
gram [735]. Moreover, mis-regulation of 
imprinted genes, so- called loss of imprinting, is a 
frequent and early phenomenon in a large variety 
of human tumors [736]. In particular, the imprint-
ing of H19 and IGF-II is often lost, e.g., in 
colorectal cancer [737] and in the normal mucosa 
of the affected individuals [738] due to hypo-
methylation. The same genes are also frequently 
hypomethylated in epithelial cancers of the ovary 
[739], suggesting that development of a GCT 
component in epithelial cancers of the ovary 
might be due to derepression of pluripotency 
genes, such as OCT4 and SOX2, as has been 
demonstrated immunohistochemically in these 
tumors (see Chap. 6) (Fig. 3.34).

3.10.8  Pathogenesis and Animal 
Models

For GCT developing in somatic cancers, various 
combinations of genetic and epigenetic changes 
could result in activation of repressed pluripo-
tency genes. This could be a random event; how-
ever, it could also specifically target cancer cells 
with particular mutations or stem cell character-
istics. The latter mechanism might apply to nasal 
teratocarcinosarcoma suggested to originate from 
transformed stem cells of the sinonasal mucosa 
[732]. Similarly, the low efficiency of induction 
of pluripotency in normal somatic cells has been 
explained as either due to slow stochastic accu-
mulation of events in random cells or due to the 
targeting of rare (“elite”) cells, probably stem 
cells [707]. MYC could play a crucial role, since 
it is a central player in oncogenesis and pluripo-
tency; indeed, more aggressive cancers express 
both the core pluripotency genes (OCT4, 
NANOG, SOX2, and KLF4) and MYC-centered 
networks [740, 741].

The few cytogenetically characterized atypi-
cal GCT [221, 726, 727] suggest that breakpoints 
in certain chromosomal regions might activate 

the pluripotency program. Most conspicuously, 
the breakpoint in 6p21–22 in these tumors could 
involve OCT4 [36]. A breakpoint in 11p15, pos-
sibly involving IGF2, was demonstrated in a 
nasal immature teratoma [221]. Of note, 6p22 
was also involved in an atypical teratoid/rhabdoid 
tumor, a pediatric cancer of the brain. In this 
tumor, a breakpoint was found in 11p15 as well, 
likely involving IGF2 implicated in various 
childhood cancers (Wilms’ tumor, hepatoblas-
toma, and rhabdomyosarcoma) [742–744]. The 
overrepresentation of 12p13 in a sinonasal terato-
carcinosarcoma [732] might lead to overexpres-
sion of the pluripotency cluster NANOG, 
STELLAR, and GDF3 [38, 745].

The localization of these tumors and the over-
lap of their chromosomal rearrangements with 
those of pediatric cancers suggest that committed 
stem cells in which pluripotency genes are acti-
vated due to chromosomal aberrations could be 
the originating cells.

In terms of morphology and cytogenetics, 
there is also an overlap with bona fide type I 
GCT raising the question whether the atypical 
GCT described here as type VI GCT could be 
exceptional manifestations of type I GCT. In 
two sacral type I teratomas where balanced 
translocations, t(12;15)(q13;q25), were dem-
onstrated, these were constitutional [154, 155]. 
These are cases relevant for this discussion 
because they demonstrate that balanced trans-
locations per se can very probably give origin 
to neoplasms with GCT morphology. The 
translocation t(8;22)(p21;q12) in an intratho-
racic mature teratoma, described by Jin et al. 
[156], concerned a girl aged 15 and could thus 
be best considered a type I GCT beyond 
infancy. It cannot be excluded that balanced 
translocations are more frequent in these GCT 
than thus far documented, because they are 
only detected with dedicated approaches. 
Further research into this category of tumors 
will clarify what is now a gray zone between 
type I GCT beyond infancy and the atypical 
GCT in the category of type VI GCT, in whose 
pathogenesis balanced chromosomal translo-
cations seem to play an important role.
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Summarizing, type VI GCT are neoplasms 
that share morphological features with GCT but 
do not originate from germ cell precursors. They 
may develop from somatic cells, most often in 
aggressive cancers, in which by various epigene-
tic and genetic changes, among others transloca-

tions, pluripotency is induced. They come in 
three variants: GCT as part of somatic neoplasia, 
de novo by induction of pluripotency in nonneo-
plastic somatic cells, and most likely in the future 
as a complication of therapeutic application of 
human iPSC.

a b

c d

e f

Fig. 3.34 Histology of GCT originated in clear cell carcinoma of ovary showing EC and teratoma (a, c) and extraem-
bryonic tissue surrounding an embryoid structure (e); EC cells expressing OCT4 (b, d, and f) (From Nogales and 
Schuldt Chap. 6)
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3.11  Integrated View 
and Summary

3.11.1  GCT, States of Developmental 
Potential, and Precursor Cells 
Matched

Type 0 GCT, parasitic and included twins, 
approach the developmental potential of the 
zygote and, therefore, must be derived from 
omnipotent precursor cells in the 2C state, prob-
ably blastomeres or ESC similar to mouse ESC 
from the ICM that happened to be in the 2C state. 
Familial clustering with twinning supports the 
hypothesis that these growths are derived from 
blastomeres that have escaped the organizing 
influence of the developing embryo or rather the 
molecular mechanisms that check the omnipo-
tency of these cells.

Type I GCT consist of teratomas with somatic 
tissues at various levels of maturation represent-
ing the three germ layers. YST only develops by 
way of tumor progression in aneuploid cells that 
have lost their ability to contribute to somatic lin-
eages of the embryo proper. Tumor stem cells are 
rarely encountered in these tumors: only in imma-
ture components occasional OCT4-positive cells 
are found, which do not express SOX2. OCT4 is 
probably driven from the distal enhancer. Germ 
cell differentiation has not been demonstrated. 
This developmental potential, the poor self-
renewing capacity of the stem cells, which show 
reduced expression of pluripotency proteins and 
the germline incompetence of these tumors, is in 
accordance with a pluripotent precursor cell in the 
primed state, corresponding to mouse ESC 
derived from the primitive ectoderm.

In view of the anatomical distribution of the 
extragonadal type I GCT along the midline of the 
body, their most likely precursor is a migrating 
diploid PGC in an early, methylated, pre-erased 
stage, which has escaped apoptosis because it 
was reprogrammed to an EGC that acquired the 
primed state in accordance with its epigenetic 
status. Neoplastic growth starts during fetal 
development in keeping with clinical presenta-
tion of these tumors at birth or in early infancy, 
usually before age six. Type I GCT of the gonads, 
likewise, are derived from methylated, pre- or 

partially erased, diploid, premeiotic PGC via 
EGC reprogrammed to ESC in the primed state.

Type II GCT have the broadest developmental 
potential of human GCT comprising both semi-
nomas, composed of neoplastic, hypomethylated 
(including both X chromosomes in females), par-
tially to completely erased, premeiotic PGC/
gonocytes, as well as non-seminomas, which are 
caricatures of early embryonic development. The 
latter develop when the developmental potential 
of a neoplastic gonocyte is unleashed by repro-
gramming to an EC cell, the totipotent stem cell 
of non-seminoma, which may give rise to YST 
and choriocarcinoma representing the extraem-
bryonic tissues, and also somatic tissues from the 
three germ layers, from immature to fully mature, 
and occasionally early germ cell differentiation. 
EC cells have a high capacity of self-renewal and 
express many pluripotency markers, such as 
OCT4, SOX2, NANOG, and LIN28. OCT4 is 
likely expressed from the proximal enhancer. 
These characteristics are compatible with the 
developmental potential of the totipotent or naïve 
state corresponding to mouse ESC derived from 
the ICM and preimplantation epiblast.

The precursor cells are more mature PGC 
(hypomethylated, partially to completely erased, 
and premeiotic), which can only survive in suit-
able niches in the gonads, thymus, and midline of 
the brain. Outside these niches, such cells die 
apoptotically, explaining the absence of type II 
GCT at other anatomical sites. When in the 
gonads the niche functions properly, the gono-
cytes will differentiate into germ cells. This will 
not happen in the extragonadal niches, which are 
incapable of sustaining germ cell development 
beyond the prophase of meiosis I. A disturbed 
niche, whether gonadal or extragonadal, may 
result in delayed maturation of the gonocytes cre-
ating, when GBY is present, a window for co-
expression of OCT4 and TSPY and accumulation 
of chromosomal rearrangements, particularly 
gain of 12p, which maintain the PGC/gonocyte 
phenotype and totipotent developmental potential 
of the precursor cells of type II GCT. The crucial 
role of GBY/TSPY explains the overwhelming 
male preponderance of type II GCT.

Type III GCT, so-called spermatocytic 
tumors, which occur only in the testis, have a 
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developmental potential that is limited to post-
pubertal, premeiotic, spermatogenic cells: 
A-dark and A-pale spermatogonia, B spermato-
gonia, and leptotene spermatocytes. The most 
likely precursor cell is a postpubertal, paternally 
imprinted spermatogonial cell.

Type IV GCT, dermoid cysts, which occur only 
in the ovary, are composed of mature somatic tis-
sues mainly from the rostral part of the embryo, 
often containing teeth; occasional solid variants 
may resemble a complete fetus; extraembryonic 
tissues are typically absent. This developmental 
potential is consistent with a parthenogenetically 
activated oocyte or ovum with an exclusively 
maternal genomic imprint as precursor cell that is 
incapable to support the development of extraem-
bryonic tissues: the “maternal half” of the 2C state.

Type V GCT, hydatidiform moles, are hyper-
plastic, dysplastic growths composed of placental 
tissue only. The precursor cell is an empty zygote, 
fertilized by one sperm, followed by endoreduplica-
tion or by two sperm, resulting in a genome that has 
an exclusively paternal imprint, incapable of sus-
taining the development of somatic tissues of the 
embryo proper: the “paternal half” of the 2C state.

Type VI GCT are derived from spontaneous or 
genetically engineered iPSC that may form 
somatic tissues with varying degrees of matura-
tion, EC, YST, and occasionally choriocarci-
noma. The stem cells of tumors derived from 
spontaneously induced somatic cells in humans 
resemble those of type I GCT, with reduced 
expression of pluripotency genes and limited 
self-renewal capacity, as in the primed state. 
Human somatic cells induced to pluripotency 
in vitro, when assayed in the proper context, may 
contain large amounts of EC, up to 100 %, in par-
ticular if MYC was included in the inducing cock-
tail. The stem cells of these tumors share 
characteristics with the naïve-state stem cells of 
type II GCT; however, PGC or seminoma-like 
components have never been reported.

3.11.2  Intermediate Phenotypes

Consistent with the plasticity of the developmen-
tal states of embryonic stem cells, there are, 
between the different defined types of GCT, 

intermediate phenotypes, which will be briefly 
summarized here.

There is continuum between multiple preg-
nancies, conjoined twins, parasitic twins, and 
type I GCT, with intermediate types between 
type 0 and type I GCT, which could arbitrarily be 
classified in either type.

Type I GCT and type II GCT have gradual 
transitions, in particular among prepubertal GCT 
of the mediastinum in Klinefelter’s and among 
GCT of the brain in patients with Down’s syn-
drome, with tumors that are genotypically type II 
but phenotypically resemble type I, suggesting 
that the genomic changes typical for type II, par-
ticularly gain of 12p, have occurred in a PGC that 
is still too heavily methylated to allow the full 
spectrum of the naïve-state developmental poten-
tial of a type II GCT.

Type I and type IV GCT may cluster in the same 
families with an increased risk of bilaterality and 
multiplicity. The occurrence of tumors composed 
of immature teratoma with dermoid cysts embed-
ded in the immature teratoma component likely 
represent a transition form between type I and type 
IV GCT. It may be hypothesized that such tumors 
are derived from a precursor cell somewhere in 
between an oogonium and a type I oocyte, in which 
maternal GI is not yet completed.

There is at least one published case of a sper-
matocytic tumor [634] that is intermediate 
between a type II and a type III GCT, in terms of 
morphology, chromosomal composition, and 
behavior: a seminomatous morphology, lacking 
lymphocytes, gain of 12p and chromosome 9, 
and metastasis.

The partial mole has an intermediate pheno-
type between a complete mole (Type V GCT) 
and a normal pregnancy due to an overdose of 
paternally imprinted genes in the presence of 
maternal imprinting.

Type VI tumors have developmental charac-
teristics with features of type I and type II GCT.

 Conclusion

GCT should be related to a developmental 
state rather than a specific cell of origin, as a 
particular originating cell may assume differ-
ent developmental states, and different cell 
types may have the same developmental 
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potential in agreement with the plasticity of 
developmental states. PGC are a good exam-
ple: they give rise to type I and type II GCT, 
respectively from the primed/pluripotent and 
the naïve/totipotent developmental state, as 
apparent from the increased risk in 
Klinefelter’s and Down’s syndrome for both 
type I and II GCT. As yet, it cannot be excluded 
that some type I GCT originate from ESC in 
the primed state. It would not make any differ-
ence as to the developmental potential of the 
tumor. This principle justifies the inclusion of 
neoplasms, such as those derived from iPSC, 
in the classification of GCT, even when they 
are not derived from germ cells, because they 
share the developmental state of genuine GCT.

The intermediate phenotypes between 
some of the defined types of GCT attest to the 
plasticity of the different developmental states 
from which they had their origin.
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Diagnostic Immunopathology 
of Germ Cell Tumors

Ovidiu Preda and Francisco F. Nogales

Immunodetection of various proteins has proved 
to be a useful tool in the diagnosis of germ cell 
tumors (GCT), and, curiously, these neoplasms 
have played an important role in the birth of mod-
ern immunohistochemistry. Indeed, the technique 
of horseradish peroxidase labeling, which repre-
sented the breakthrough in applied immunohisto-
chemical technique, was originally developed by 
Paul Nakane and G Barry Pierce [1, 2] as a tool to 
label anti-basement membrane antibodies of the 
murine parietal yolk sac carcinoma.

Since its inception, immunohistochemistry 
has been successfully employed in the diagnosis 
of GCT by using the expression of proteins pro-
duced during a given developmental stage and 
related with a tumor type; for example, placental- 
like alkaline phosphatase as a marker of primitive 
germ cells and seminoma, alpha fetoprotein as a 
marker of early endoderm and yolk sac tumors, 
etc. However, since GCT are caricatures of nor-

mal embryogenesis, the recent advances in 
embryonal stem cells and their pluripotency 
markers have broadened our understanding of 
early developmental stages and their equivalent 
neoplasms. Although histology should always be 
taken as the diagnostic gold standard [3], the 
evaluation of the sequential expression of pluri-
potency markers in GCT has resulted in a better 
understanding of the relationship between tumor 
differentiation and diagnosis.

Diagnosis has been further enhanced by the 
analysis of tissue-specific markers that permit the 
identification of tissues such as those of neural or 
endodermal lineage whose presence may bear a 
prognostic significance in tumor grading. Thus, 
the joint recognition of pluripotency and tissue- 
specific marker has (a) improved histogenetic 
classification, (b) fine-tuned the diagnosis among 
the different varieties of GCT and their frequent 
overlap, (c) allowed assessment of the quantity 
and quality of immature tissues reproduced in the 
GCT and conditioned grading of immature tera-
tomas, and (d) identified GCT patterns in somatic 
neoplasms.

In this chapter, we will review the antibodies 
used in the diagnosis of GCT, both those already 
used in practical diagnostic routine and others 
less frequently employed. We will describe their 
genes and chromosomal location, developmental 
implications and protein expression in the vari-
ous types of GCT, and corresponding differential 
diagnosis with other tumor types.
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4.1  Pluripotentiality, Stemness  
Markers

4.1.1  CD117

4.1.1.1  Nomenclature
CD117 or c-kit is also known as V-KIT Hardy- 
Zuckerman 4 feline sarcoma viral oncogene 
homolog, KIT oncogene, or mast cell growth 
factor receptor. However, it is better defined as a 
type III tyrosine kinase receptor [4].

4.1.1.2  Gene, Location, and Function
Using pulsed-field gel electrophoresis, the KIT 
gene was mapped in chromosome 4q12, close to 
its homologous PDGFRA gene [5, 6]. The gene 
works as a regulator of cell survival and prolifera-
tion, hematopoiesis, stem cell maintenance, 
gametogenesis, melanogenesis, and mast cell 
development, migration, and function [4]. It is 
present in an inactive form and is only activated in 
the presence of its ligand which is the real stem 
cell factor expressed by mastocytes and some 
fibroblasts [7]. KIT deficiencies due to gene muta-
tions are responsible for the Piebald syndrome, an 
autosomal dominant genetic developmental 
abnormality of pigmentation, characterized by 
congenital patches of white skin and hair that lack 
melanocytes [8]. Also a deficient KIT gene is 
responsible for deficiencies in erythropoiesis, fer-
tility, and gut motility.

4.1.1.3  Recommended Clones 
and Practical Considerations

Antibodies Diagnostic kits employ poly-
clonal antibodies (Dako c-Kit pharmDx®), 
while other antibodies using clone YR145 
also perform well on paraffin-embedded for-
malin-fixed tissues and are the main products 
used in c-kit protein detection assays. Alkaline 
heat-induced antigen retrieval (HIER) is 
recommended.

Controls A well-calibrated protocol should pro-
duce strong staining in the appendiceal Cajal 

cells, while smooth muscle cells should be nega-
tive [9].

Staining patterns The antibody may have a 
membranous, cytoplasmic, or perinuclear 
staining.

4.1.1.4  Expression
C-kit is normally expressed by mast cells, some 
hematopoietic stem cells, germ cells, melano-
cytes, Cajal cells of the gastrointestinal tract, and 
also by some cells of the skin adnexa, breast epi-
thelium, and cerebellar neurons [6].

Since more than 70 % of gastrointestinal 
stromal tumors (GIST) demonstrate activating 
mutations and protein overexpression [10], 
C-Kit is the main target in Imatinib mesylate 
(Gleevec®) therapy, an intracellular tyrosine 
kinase blocker preventing phosphorylation and 
the subsequent activation of growth receptors 
and their downstream signal transduction path-
ways [11]. In the treatment of GCT, different 
reports and clinical trials on chemotherapy 
refractory cases have only reported partial 
remission in primary and metastatic seminomas 
[12, 13].

In the development and differentiation of the 
testis, KIT intervenes in germ cell migration, pro-
liferation, and apoptosis [14], maturation of 
undifferentiated spermatogonia or spermatogo-
nial progenitor cells, and the formation of A1 
spermatogonia, which subsequently undergo a 
series of rapid mitotic divisions prior to meiosis 
[15]. In the ovary, only the oocytes of the primor-
dial and primary follicles are positive, while dif-
fuse and weak cytoplasmic staining in the 
granulosa, theca, and interstitial cells is seen in 
all stages of follicle maturation [16].

KIT is overexpressed in seminomas/dysger-
minomas/germinomas (for simplicity, through-
out this chapter we will use the generic term of 
seminoma) (Fig. 4.1) and their precursor lesions: 
germ cell neoplasia in situ (GCNIS) and gonado-
blastoma; it is used as a tool in their differentia-
tion from embryonal carcinoma (EC) [17–19]. In 
spermatocytic tumors (ST), which do not express 
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other GCT characteristic markers [20], CD117 is 
positive in up to 40 % of the cases [21].

Positive Negative

Germ cell 
tumors

Seminoma
Spermatocytic 
tumor

Embryonal 
carcinomas
Yolk sac tumors
Choriocarcinoma
Teratomas 
(epithelial 
elements)

Non germ 
cell tumors

GISTs, 
angiomyolipoma, 
mastocytosis, 
thymic 
carcinomas, lung 
carcinomas, etc.

Solitary fibrous 
tumor, alveolar 
soft part sarcoma, 
desmoplastic 
small round cell 
tumor, glomus 
tumor, 
leiomyoma, etc.

4.1.2  OCT4

4.1.2.1  Nomenclature
OCT4 is also known as POU5F1, OCT3, or 
OTF3 and has been used previously as OCT3/4 
but is more recently known as OCT4 (octamer- 
binding transcription factor 4).

4.1.2.2  Gene Function 
and Chromosomal Location

OCT4 represents a mammalian nuclear transcription 
factor belonging to the POU domain encoded by a 
gene located in the human chromosome 6p21.3, 
being essential in blastocyst differentiation [22].

OCT4 protein expression is the sum of differ-
ent isoforms (and pseudogenes) of which only 
the OCT4A can be directly linked functionally to 
pluripotency. For this reason, care should be 
taken as to the type of antibody used when stem 
cells of somatic tumors are targeted. In these 
cases, mRNA levels should be detected in order 
to confirm their stemness [23]. As a key protein 
and component in the regulatory network that 
maintains pluripotency in normal development 
and in GCT pathogenesis, OCT4 is extensively 
reviewed in Chap. 3.

4.1.2.3  Recommended Clones 
and Practical Considerations

Antibody The most widely used is a mouse 
monoclonal antibody (clone C-10) raised against 
amino acids 1–134 of OCT4 of human origin that 
specifically recognizes the OCT4A isoform. 
Alkaline HIER is recommended.

Fig. 4.1 CD117 
membrane and cytoplas-
mic staining in classic 
seminoma
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Controls Well-fixed sections of testicular paren-
chyma with unequivocal changes of GCNIS are 
recommended as positive controls. Due to the 
thick fibrous tunica albuginea and unexpected 
delays in sectioning of orchidectomy specimens, 
generally the most superficial tumor cells will 
show more intense staining, while those located 
in deeper areas of the sample will show weaker 
nuclear staining and more cytoplasmic back-
ground. Fresh sections should be stained as soon 
as possible to prevent oxidation and loss of 
antigenicity.

Staining pattern OCT4 predominantly pro-
duces a strong nuclear staining with only mini-
mal cytoplasmic staining.

4.1.2.4  Expression
Focal OCT4 staining can be demonstrated in var-
ious normal tissues due to the presence of a popu-
lation of progenitor cells [24]. Its expression is 
absent in the majority of somatic tumors [25, 26], 
but recent studies have shown it in high-grade 
carcinomas of the thyroid, gastrointestinal tract, 
or lung, being generally associated with distant 
metastases and poor response to conventional 
treatment [27–32]. Granular cytoplasmic staining 
in both normal tissue and neuroendocrine neo-
plasms, such as Merkel cell carcinomas of the 
skin, has been noted. This is probably related to 
cross-reactivity of some antibodies with the 

OCT4B isomer. The staining weakens as the dif-
ferentiation grade increases, and it is inversely 
related with the Ki67 index [33].

In the first trimester of gestation, OCT4 is 
expressed in embryonal germ cells, while in the 
second trimester, secondary to the formation of 
oocytes and spermatogonia, its expression disap-
pears [34, 35]. However, in newborns, it can be 
identified in testicular germ cells located within 
the luminal space as well as in gonads showing 
germ cell maturation delay [36].

In pathological conditions, it is re-expressed 
in the preinvasive germ cell lesions such as 
GCNIS and gonadoblastoma [37–39], as well as 
in seminoma (Fig. 4.2a) and EC [37, 40, 41–46]. 
It may also be expressed in isolated epithelial 
cells of ovarian immature teratomas [47], espe-
cially in high-grade tumors [48, 49]. OCT4 is 
expressed by epithelial areas in cases of GCT 
patterns originating from somatic neoplasms (see 
Chap. 6).

Albeit a more sensitive and specific marker for 
both primary and metastatic seminomas and EC [44, 
50] than their classical markers [43, 45, 51], it must 
be borne in mind that rare cases of OCT4- negative, 
chemoresistant EC have been reported [52].

OCT4 does not differentiate seminomas from 
EC, and it is not expressed in solid areas of 
 choriocarcinoma, yolk sac tumor (YST) (Fig. 
4.2b), or ST. Positive staining in cells delineating 
 papillary projections of EC, helps to differentiate 

a b

Fig. 4.2 (a) OCT4 nuclear staining with cytoplasmic background in classic seminoma. (b) OCT4 expresses in embryo-
nal carcinoma, while areas of microcystic yolk sac tumor are negative
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them from the Schiller-Duval perivascular struc-
tures of YST [53]. In summary, OCT4 is an anti-
body that differentiates more primitive, 
pluripotential GCT from differentiated ones.

Positive Negative

Germ 
cell 
tumors

Seminoma
Embryonal 
carcinoma
Primitive GCT 
areas in 
somatic tumors

Yolk sac tumor
Choriocarcinoma
Teratomas
Spermatocytic tumor

Non- 
germ 
cell 
tumors

Virtually none Generally weak staining 
and in isolated cells of 
undifferentiated 
carcinomas

4.1.3  SALL4

4.1.3.1  Nomenclature
Sal-like transcription factor 4

4.1.3.2  Gene Function 
and Chromosomal Location

SALL4 is a nuclear zinc finger transcription fac-
tor, part of the Spalt-like family genes, encoded 
by a gene located on the chromosomal region 
20q13.2 and expressed in early developmental 
stages [54]. Together with OCT4, NANOG, and 
SOX2, it is part of a transcriptional core network 
of genes that maintains the pluripotent properties 
and self-renewal capacities of ESC [55–58]. 
SALL4 regulates transcription of OCT4 [57]. In 
comparison with Oct4 and Sox2, it is the only one 
required for the development of the murine prim-
itive endoderm from the inner cell mass in 
 addition to the epiblast, while the development of 
trophoblastic lineage is not impaired by the lack 
of Sall4 [59].

4.1.3.3  Recommended Clones 
and Practical Considerations

Antibody Mouse monoclonal antibodies EE-30 
or 6E3, developed against recombinant proteins 
similar to the whole or just a fragment of SALL4 
human protein, are both suitable for its detection. 
Alkaline HIER is recommended.

Controls Spermatogonia of normal testis 
(weak–moderate staining) or GCNIS (intense 
staining) might be used as a positive control.

Staining pattern As a nuclear transcription fac-
tor, SALL4 highlights the nuclei of the tumor 
cells.

4.1.3.4  Expression
SALL4 is detected in the primordial germ cells 
and interacts with other transcription factors in 
the development of the anorectal region, kidney, 
heart, limbs, and brain. SALL4 nuclear staining 
has been reported in the proximal renal tubules of 
the renal cortex, some neural tube elements, 
intestine, and hepatocytes [60]. Only weak to 
moderate expression can be seen in the oocytes 
and spermatogonia [61, 62].

As a master controller of pluripotency 
maintenance, its nuclear expression can be 
detected in all primitive and immature GCT 
with variable results in choriocarcinoma and 
immature teratoma areas. In trophoblastic 
tumors, the staining is generally restricted to 
more immature trophoblastic cells, while the 
differentiated syncytiotrophoblasts are nega-
tive (Fig. 4.3a). Pseudoglandular (Fig. 4.3b) 
and tubular- neuroectodermal elements of tera-
tomas (Fig. 4.3c) show moderate to weak 
staining [53, 61–65].

Compared with the weak–moderate positivity 
of spermatogonia of the normal seminal epithe-
lium, the atypical cell of GCNIS, as well as the 
medium and small cells of spermatocytic tumors, 
presents a stronger nuclear stain (Fig. 4.3d) [62]. 
Dysregulation of SALL4 might be a common fac-
tor in the pathogenesis of all genetic groups of 
testicular GCT [62, 66]; however, positivity can 
occur in generally high-grade, poorly differenti-
ated non-GCT, such as ovarian serous carcino-
mas and undifferentiated urothelial carcinomas 
[67, 68]. In nonepithelial malignant tumors, 
SALL4 may be positive in rhabdoid tumors, 
Wilms’ tumors, melanomas, and rhabdomyosar-
comas, among others [68]. The expression in 
lymphoid neoplasms is controversial, and only 
isolated cases of precursor B-cell lymphoblastic 
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leukemia/lymphomas showed elevated mRNA 
levels [67].

Positive Negative

Germ 
cell 
tumors

Seminoma
Embryonal carcinoma
Yolk sac tumors
Choriocarcinoma 
(cytotrophoblast)
Immature teratomas 
(immature elements)
Spermatocytic tumor

Mature 
teratomas 
(epithelial 
elements)

Non- 
germ 
cell 
tumors

Ovarian serous 
carcinomas, urothelial 
carcinomas, hepatoid 
AFP-secreting and 
intestinal-type gastric 
adenocarcinomas, etc.

All with 
exceptions 
(see left)

4.1.4  SOX2

4.1.4.1  Nomenclature, Gene Function, 
and Chromosomal Location

SRY (sex-determining region Y-box 2), also 
known as SOX2, is one of the three members of 
SOXB1 subgroup of transcription factors 
encoded by a gene located in chromosome 
3q26.33 [69].

In early implantation stages, it has a major 
role in trophectoderm differentiation; knockout 
embryos arrest at the morular stage and fail to 
cavitate [70]. Moreover, a reduction of SOX2 
expression in human ESC induces trophectoder-
mal and partial endodermal differentiation [71]. 
The correct balance between SOX2 and OCT4 

a b

dc

Fig. 4.3 (a) SALL4 shows diffuse and strong staining in 
embryonal carcinoma and yolk sac tumor, while a weak, 
focal staining in teratoma is seen. Areas of trophoblastic 
differentiation are negative in this case. (b) Moderate 
staining in immature glands of teratoma while epithelial 

cells of yolk sac tumor are strongly stained. (c) Immature 
neuroectodermal cells show partial and weak nuclear 
staining. (d) Moderate positivity in small and intermedi-
ate cells of spermatocytic tumor
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might be a key of pluripotency. On murine 
 models, it has been demonstrated that together 
with Sox3, Sox2 is expressed in the epiblast and 
extraembryonic ectoderm and is restricted to the 
forthcoming neural plate and chorion at gastrula-
tion [72]. During early somitogenesis, all three 
genes are expressed in the neuroectoderm, and 
Sox2 and Sox3 are also expressed in the primitive 
streak ectoderm, gut endoderm, and prospective 
sensory placodes [72]. Consecutively, they may 
play an important role in maintaining neural crest 
stem cell multipotency [73, 74] and neuronal for-
mation [75], while its upregulation may contrib-
ute to development of supratentorial PNET [76].

4.1.4.2  Recommended Clones 
and Practical Considerations

Antibody Rabbit polyclonal antibodies (such as 
AF2018 or AB5603) or mouse monoclonal E-4 
have been the most frequently used for recent 
assays. From our personal experience, we recom-
mend rabbit clone SP76; it works well with a 
pH 8 buffer for HIER, 10–20 minutes incubation 
of the antibody, and with a two-step polymer- 
based detection system.

Controls In our assay, embryonal neural tissue 
was used as positive control.

Staining pattern The antibody stains the 
nucleus with little or no cytoplasmic staining.

4.1.4.3  Expression
SOX2 positive staining is mainly reported in 
squamous cell carcinomas, correlating with 
amplifications of the 3q26 chromosomal region 
[30, 77–80]. Other pulmonary non-small cell car-
cinomas, excluding neuroendocrine ones, also 
frequently express SOX2 [81–84] as do gastric 
carcinomas [83, 85], pancreatic and biliary 
tumors [86], high-grade gliomas [86], and primi-
tive neuroectodermal tumors [87]. Breast carci-
nomas express SOX2 predominantly in 
high-grade, HER2-positive tumors and those 
with a basal-like phenotype. Expression has been 
reported in metastases of otherwise SOX2- 
negative primary breast carcinomas [88].

Up to 60.5 % of ovarian carcinomas express 
SOX2, with a higher percentage of positivity in 
high-grade tumors and in more advanced stages 
[89]. Interestingly, a high level of SOX2 is asso-
ciated with a better prognosis, probably due to a 
better response to platinum-based therapies [89].

Testicular parenchyma does not express SOX2 
during its development [90] but occurs in Sertoli 
cells associated with GCNIS lesions [91, 92]. 
Even if it is considered as another important tran-
scription factor in the induction and maintenance 
of pluripotency [70, 93, 94], in contrast with 
OCT4 and especially SALL4, SOX2 positivity in 
GCT is restricted to ECs, immature neuroepithe-
lium, and squamous epithelium of mature tera-
toma (Fig. 4.4a) [65, 91, 92, 95]. Seminomas, 
YST (Fig. 4.4b), choriocarcinoma, and spermato-
cytic tumors are constantly negative [65, 91, 92, 
95]. Accordingly, SOX2 expression differentiates 
seminomas from solid EC, while papillary struc-
tures in EC are clearly differentiated from Schiller 
-Duval bodies in YST [53]. Its negativity in the 
isolated foci of solid and hepatic areas of YST 
differentiates these YST variants from EC.

In mediastinal lesions, SOX2 is expressed in 
EC, isolated teratomatous glands, and foci of 
mature neural tissue and differentiates them from 
SOX2-negative lymphomas and epithelial tumors 
of the thymus [65].

Positive Negative

Germ cell 
tumors

Embryonal 
carcinomas
Immature teratoma 
(neuroectodermal 
and squamous 
component) 
Gliomatosis 
peritonei

Seminoma
Yolk sac tumors
Choriocarcinoma
Teratomas
Spermatocytic 
tumor

Non-germ 
cell tumors

Squamous cell 
carcinoma, 
neuroendocrine 
carcinomas, 
primitive 
neuroectodermal 
tumors, melanomas, 
breast, pancreatic 
and biliary duct 
carcinomas, 
gliomas, etc.
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4.1.5  Lin28

4.1.5.1  Nomenclature
Protein lin-28 homolog, cell lineage abnormal 
28, protein zinc finger CCHC domain-containing 
protein 1; ZCCHC1

4.1.5.2  Gene Function 
and Chromosomal Location

Lin28 was first identified in the nematode 
Caenorhabditis elegans, although their homologous 
genes exist in many species including mammals 
[96]. It is a monomeric cytoplasmic mRNA-binding 
protein that enhances the efficiency of protein syn-
thesis. Additionally, Lin28 protein can be exported 
to the nucleus and nucleolus where it regulates the 
migration of mRNA to the cytoplasm [97].

Functionally, Lin28 plays an important role 
during embryonic development, particularly in 
skeletal muscle tissue, through upregulation of 
IGF2 mRNA, MYOD1, ARBP/36B4 ribosomal 
protein, and its own mRNA [98]. By contrast, 
Lin28 acts as a suppressor for the production of 
mature microRNA through its specific binding, 
followed by blocking and subsequent degradation 
of the let-7 precursor and thus contributing to the 
vital maintenance of embryonic stem cells [99]. 
Therefore, Lin28 may also promote protein syn-
thesis through its direct association with the target 
mRNA, including that encoded by the transcrip-
tion factor Oct4 [100]. For all these reasons, Lin28 
is important for maintaining cell pluripotency dur-

ing mammalian embryogenesis whereas, by con-
trast, it shows a very restricted expression in 
mature tissues. In fact, Lin28 together with OCT4, 
SOX2, and NANOG is used to reprogram human 
somatic cells into cells that exhibit the essential 
characteristics of ESC [101]. An experimental 
study has shown that Lin28 is essential in the 
development of mouse primordial germ cells and 
may be involved in their malignant transformation 
[102]. Likewise, this protein also plays an impor-
tant role in the in vitro differentiation of germ cells 
from ESC and is expressed in the primordial germ 
cells up to the premeiotic stage [102, 103].

4.1.5.3  Recommended Clones 
and Practical Considerations

Antibody A rabbit polyclonal antibody has 
been used in all the studies on gonadal and 
extragonadal GCT [104–106]. We recommend 
rabbit clone EP150 that works well with a pH 8 
buffer for HIER.

Controls For a positive control, seminoma or 
GCNIS can be used.

Staining pattern Cytoplasmic with occasional 
membranous accentuation.

4.1.5.4  Expression
Recent immunohistochemical studies have dem-
onstrated a 100 % positive staining of Lin28 in all 
precursor lesions (GCNIS and gonadoblastoma), 

a b

Fig. 4.4 (a) Nuclei of neuroectodermal and squamous 
epithelia of immature ovarian teratomas are stained by 
SOX2. (b) SOX2 expression is positive in embryonal car-

cinoma, while primitive endodermal elements of yolk sac 
tumor are negative
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seminoma (Fig. 4.5), EC, and YST, some primary 
and extragonadal teratomas (especially immature 
neuroepithelium), and choriocarcinoma (mono-
nucleated trophoblastic cells). Isolated cases of 
spermatocytic tumor show weak staining [104–
106]. In addition to its value in the diagnosis of 
GCT, Lin28 stains a higher proportion of YST 
cells as compared with SALL4 [106].

Lin28 is variably expressed in isolated cases 
of breast, lung, ovary, colorectal, and liver carci-
nomas, where high expression is an indicator of 
poor prognosis [104, 106, 107]. The presence of 
Lin28 in colorectal cancer is significantly associ-
ated with lymph node metastasis [108]. In con-
trast with the expression of OCT4, which is only 
sporadically present in medulloblastoma and is 
significantly associated with a poor prognosis, 
Lin28 protein is more frequently detected but 
does not influence prognosis [109].

Positive Negative

Germ 
cell 
tumors

Seminoma
Embryonal carcinoma
Yolk sac tumors
Immature teratoma 
(neuroepithelium)
Choriocarcinoma 
(cytotrophoblast)
Spermatocytic tumor

Teratomas 
(epithelial 
elements)

Non- 
germ 
cell 
tumors

Breast, lung, ovary, 
colorectal, or liver 
carcinomas

4.1.6  NANOG

4.1.6.1  Nomenclature
NANOG is a homeobox transcription factor also 
known as FLJ12581.

4.1.6.2  Gene Function 
and Chromosomal Location

NANOG is another member of the network of 
pluripotency-maintaining factors, encoded by 
the human NANOG gene located on the chromo-
some region 12p13.31, a region frequently 
evoked in chromosomal studies of GCT. As 
compared with the murine model, where the 
Oct4, Nanog, and Sox2 genes co-regulate cohorts 
of downstream genes [110], in humans, they 
directly repress or activate small sets of down-
stream transcriptional regulators, controlling a 
broader range of cellular processes. Due to this 
uncoupled regulatory loop, these three genes do 
not work as pan-repressors of differentiation, but 
each one controls specific cell fates [111]. In 
human ESC, NANOG seems to have a lineage-
restricted function to repress the neuroectoder-
mal and neural crest commitment but, together 
with OCT4, it is required for their self-renewal. 
In a similar way to OCT4, NANOG is expressed 
by the cells of the inner cell mass of the blasto-
cyst and in the pregastrulation epiblast but is not 
expressed by unfertilized oocytes, 2–16-cell 
embryos, or early morulae; it is only restricted to 
the proximal epiblast, while OCT4 has a diffuse 
expression [112]. NANOG has also been 
detected in the nuclei of the murine and human 
germline stem cells in the embryonic testis but is 
lost as the gonocytes mature to form spermato-
gonia in the adult testis [113].

4.1.6.3  Recommended Clones 
and Practical Considerations

Antibody Since NANOG has a similar, but 
weaker, expression than the widely used OCT4 
and SALL4, few studies have used it as an 
 alternative antibody. AF1997 polyclonal goat 
unconjugated immunoglobulin and its biotinyl-
ated version BAF1197 are the most commonly 
used in these assays [65, 113].

Fig. 4.5 Lin28 presents with a cytoplasmic and mem-
brane staining pattern in a classic seminoma
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Controls Similar to SALL4, GCNIS represents 
an optimal control.

Staining pattern The antibody produces a 
nuclear staining that is by comparison less 
defined than SALL4.

4.1.6.4  Expression
In GCT, NANOG parallels OCT4 and stains the 
neoplastic cells of precursor lesions, seminoma, 
and EC, while YST, teratoma, and choriocarci-
noma are consistently negative [65, 113]. Levels 
of NANOG mRNA are 2 to 12 times higher in 
seminoma compared with EC [113]; this is to be 
expected since seminoma represents a more 
primitive cell stage than EC.

NANOG is positive in other malignancies, 
including carcinomas of the prostate, lung adeno-
carcinomas, gliomas, rectal and gastric carcino-
mas, and oral squamous or nasopharyngeal 
carcinomas [28, 114]. An epithelial- mesenchymal 
transdifferentiation has been described in some 
of these cases, with the expression of NANOG 
and other stemness markers at the invasive front 
of the tumor. In these neoplasms, the expression 
is correlated with a worse prognosis, distant 
metastasis, and recurrence after conventional 
therapies [115].

A comparative study of NANOG expression 
between pre- and postmenopausal normal ova-
ries and those harboring ovarian epithelial 
malignancies demonstrated a high percentage of 
NANOG positive cells in the lining of ovarian 
inclusion cysts in patients with carcinomas, 
while the surface epithelium was consistently 
negative [116]. NANOG-positive cells were 
absent in the ovarian mucinous tumors, while in 
the serous carcinomas, there was a positive pop-
ulation that increased with tumor grade [117]. 
Nevertheless, other studies have demonstrated 
the presence of NANOG-positive stem cells on 
the surface  epithelium of the ovary and also in 
the epithelium of the distal part of the fimbriae, 
results that may lend some support to recent 

theories on ovarian serous carcinomas patho-
genesis [118].

Positive Negative

Germ cell 
tumors

Seminoma
Embryonal 
carcinoma

Yolk sac tumors
Choriocarcinoma
Teratomas
Spermatocytic 
tumor

Non-germ 
cell tumors

Carcinomas of the 
prostate, lung 
adenocarcinomas, 
gliomas, rectal 
cancer, gastric 
carcinomas, and 
oral squamous or 
nasopharyngeal 
carcinomas
Epithelial-
mesenchymal 
transdifferentiation 
areas

4.1.7  UTF-1

4.1.7.1  Nomenclature
UTF-1 from undifferentiated embryonic cell 
transcription factor 1

UTF-1 is another transcription factor 
expressed in undifferentiated ESC and downreg-
ulated during their differentiation [119].

4.1.7.2  Gene Function 
and Chromosomal Location

UTF-1 is located on the chromosomal region 
10q26.3 [120]. Its expression in ESC is regulated 
by a dimer composed of OCT4A and SOX2, and it 
is specifically attached to the chromatin, being 
excluded from the nucleoli during all phases of 
cell progression. Similar to OCT4 and NANOG, 
the UTF-1 is expressed by cells of the inner cell 
mass of the blastocyst and in the epiblast but is 
soon downregulated during development. It is 
maintained in primordial germ cells and, unlike 
OCT4 and SOX2 but similar to SALL4, is 
detected in the spermatogonia of the adult testis 
[121, 122].
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4.1.7.3  Recommended Clones 
and Practical Considerations

Antibody Most studies have used the mouse 
monoclonal antibody MAB4337 clone 5G10.2 
which was raised against a recombinant GST 
fusion protein, human UTF1.

Controls GCNIS or seminoma is optimal.

Staining patterns With the clone 5G10.2, 
nuclear staining was obtained on various plat-
forms. Alkaline pH is recommended for HIER.

4.1.7.4  Expression
The few available publications, mainly focused on 
GCT and their metastases, characterized UTF-1 as 
a marker for GCNIS and seminoma with variable 
staining intensity, while EC constantly shows strong 
and diffuse staining. A weak staining is detected in 
the YST epithelial component, while teratomas and 
choriocarcinomas are negative [122].

In other gonadal specific tumors, weak nuclear 
staining is also detected in a limited number of 
Sertoli and Leydig cell tumors. Similarly, carcino-
mas of the breast, stomach, and kidney and some 
soft tissue tumors such as alveolar soft part sar-
coma, angiosarcoma, or epithelioid Ewing sar-
coma may also be positive [122]. Semi- quantitative 
analysis of UTF-1 staining demonstrates a higher 
intensity in prostate and endometrial cancer, while 
lower levels are seen in colon and renal clear cell 
carcinomas [123].

4.1.8  TCL-1

4.1.8.1  Nomenclature
TCL-1 is also known as protein 1A of T-cell leu-
kemia/lymphoma.

4.1.8.2  Gene Function 
and Chromosomal Location

TCL-1A is part of the TCL1 protein family and is 
encoded by a gene on chromosome region 
14q32.13. This protein is involved in several 
chromosome translocations and gene inversions 
that characterize human prolymphocytic T-cell 
leukemia and some B-cell lymphomas, mainly 
through an increase in the phosphorylation and 
activation of the AKT1, AKT2, and AKT3 genes 
resulting in an antiapoptotic response. Also, after 
the induction of the nuclear translocation of 
AKT1, the TCL1A protein increases prolifera-
tion, stabilizes mitochondrial membrane poten-
tial, and promotes cell survival [124].

4.1.8.3  Recommended Clones 
and Practical Considerations

Antibody Polyclonal antibodies and mouse 
monoclonal clone 27D6/20 have been used in the 
majority of the studies, both on lymphoid and 
GCT. In our limited experience, the rabbit clone 
EP105 was able to reproduce these results in all 
major types of GCT. An alkaline pH buffer should 
be used for HIER. Aside from the aforemen-
tioned clone EP105, mouse monoclonal antibod-
ies have been developed against the whole TCL-1 
human protein or just a fragment.

Controls The strongest nuclear and cytoplasm 
staining of the T lymphocytes from tonsils with 
no background on the B lymphocytes should be 
used as a positive control.

Staining patterns All developed antibodies 
exhibit nuclear and cytoplasmic staining.

4.1.8.4  Expression
Overexpression of human TCL1 gene has been 
implicated in the development of T-cell prolympho-
cytic leukemia. In the B-cell neoplasms, TCL1 gene 

Positive Negative

Germ 
cell 
tumors

Seminoma
Embryonal 
carcinoma
Yolk sac tumors

Choriocarcinoma
Teratomas
Spermatocytic tumor

Non- 
germ 
cell 
tumors

Sertoli and Leydig 
tumors
Breast, stomach, 
and kidney 
carcinomas
Soft tissue tumors 
like alveolar 
sarcoma, 
angiosarcoma, or 
epithelioid Ewing 
sarcoma, etc.
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acts as an oncogene, and the antibody is expressed 
in both the cytoplasmic and nuclear compartment 
of most B-cell lymphomas, including lymphoblas-
tic lymphoma, chronic lymphocytic leukemia, 
mantle cell lymphoma, follicular lymphoma, dif-
fuse large B-cell lymphoma (60 %), and primary 
cutaneous B-cell lymphoma (55 %). TCL1 also has 
a constant and intense staining in Burkitt lympho-
mas. TCL1 is not expressed by Hodgkin/Reed-
Sternberg cells or multiple myeloma, marginal cell 
lymphoma, anaplastic CD30-positive lymphoblas-
tic T-cell lymphoma, peripheral T-cell lymphoma, 
or mycosis fungoides. These data indicate that 
TCL1 is expressed in more differentiated B cells of 
both neoplastic and reactive conditions [125].

The TCL1 protein is overexpressed in primary 
seminomas and its precursors (Fig. 4.6), suggesting 
a role in the pathogenesis of GCT [65, 126, 127]. 
Indeed, a relation between OCT4 and TCL1 has 
been demonstrated in mouse ESC as OCT4 binds to 
Tcl1 promoter and activates its transcription. 
Furthermore, a role in the regulation of prolifera-
tion, but not differentiation, has been demonstrated 
[128], which is in accordance with the idea of lim-
ited pluripotency in seminomas. A decrease of 
TCL1 expression, both in number of cells and inten-
sity, was observed in metastatic seminomas after 
radiotherapy, while chemotherapy seems to have 
little effect on its expression [129]. Focal nuclear 
staining has been demonstrated in some EC while 
nuclear and  cytoplasmic positivity is observed in 
isolated cells of spermatocytic tumors [129].

Positive Negative

Germ 
cell 
tumors

Seminoma
Focal in 
embryonal 
carcinoma and 
spermatocytic 
tumor

Yolk sac tumors
Choriocarcinoma
Teratomas

Non- 
germ 
cell 
tumors

Most B-cell 
lymphomas
Isolated cases of 
breast, esophagus, 
colon, gastric, 
urothelium, 
thyroid, biliary 
duct, and renal 
carcinomas

Hodgkin/Reed- 
Sternberg cells, 
multiple myeloma, 
marginal cell 
lymphoma, anaplastic 
CD30-positive 
lymphoblastic T-cell 
lymphoma, peripheral 
T-cell lymphoma, or 
mycosis fungoides

4.1.9  KLF4

4.1.9.1  Nomenclature
KLF4 from the Krüppel-like factor 4 is alterna-
tively known as epithelial/endothelial zinc finger 
protein EZF or Gut-enriched Krüppel-like factor 
(GKLF).

4.1.9.2  Gene Function 
and Chromosomal Location

KLF4 is a member of the KLF family of tran-
scription factors that acts as an upstream regula-
tor of NANOG and represents a direct downstream 
of LIF-Stat3 signaling. Due to LIF signaling, 
KLF4 levels increase, bind to the NANOG pro-
moter, and induce NANOG overexpression. 
OCT4 and SOX2 expression is not correlated 
with NANOG expression [130]. However, it 
seems that KLF4, together with NANOG, OCT4, 
and SOX2, represents the main transcription fac-
tors involved in the reprogramming of the fibro-
blast into a pluripotent stem cell stage [131]. It 
can be both an activator and a repressor, depend-
ing on with which genes it interacts, and it is 
aberrantly expressed in breast and colon cancer 
[132]. It can bind to the promoter region of its 
own gene located on chromosomal region 9q31.2 
and can activate its own transcription. It plays an 
important role in terminal differentiation of 
some epithelial cells of the digestive tract but 
also lung, genital tract, and vascular endothe-
lium [133].

Fig. 4.6 TCL1 nuclear and cytoplasmic staining in germ 
cell neoplasia in situ and intratubular seminoma
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4.1.9.3  Recommended Clones 
and Practical Considerations

Antibody There is no standard regarding the 
clone to be used. Rabbit and mouse polyclonal 
antibodies are the most frequently employed, 
some of them requiring a 4 °C overnight incuba-
tion and thus have only limited use in routine 
diagnosis. Product H-180, a rabbit polyclonal 
raised against amino acids 1–180 of human 
KLF4, seems to provide a reasonable balance 
between nuclear staining and unspecific 
background.

Controls As a marker of undifferentiated GCT, 
GCNIS or seminoma could both be used as posi-
tive controls.

Staining patterns The antibody produces a 
nuclear staining similar to the other transcription 
factors.

4.1.9.4  Expression
Compared with NANOG, which highlights the 
nuclei of the spermatogonia in the human testis, 
KLF4 is strongly expressed in postmeiotic germ 
cells such as spermatids, where it plays an impor-
tant role in spermiogenesis [133]. Limited data 
on KLF4 expression are available in GCT. Nuclear 
staining has been reported in GCNIS and semi-
noma [134].

In somatic tumors, KLF4 was proposed as yet 
another specific marker for monocytic differenti-
ation in leukemia [135] and as a progression 
marker in nasopharyngeal [136] and prostate car-
cinomas [137].

Positive Negative

Germ cell 
tumors

Seminoma Embryonal 
carcinoma
Yolk sac tumors
Choriocarcinoma
Teratomas
Spermatocytic 
tumor

Non-germ 
cell tumors

Monocytic 
leukemia, 
nasopharyngeal 
carcinomas, 
prostate 
adenocarcinomas

NA

4.1.10  SOX17

4.1.10.1  Nomenclature
SOX17 gene might be alternatively referred to as 
SRY-related HMG-box gene 17.

4.1.10.2  Gene Function 
and Chromosomal Location

SOX17 is another member of the family of 20 
SOX transcription factors with key roles in 
embryogenesis, being a Wnt signaling pathway 
antagonist and a critical specifier in pluripotent 
germ cell fate, as mentioned in Chap. 3. The pro-
tein is coded by the SOX17 gene located on the 
8q11.23 chromosomal region, and its heterozy-
gous mutations were detected in some congenital 
and sporadic urinary defects, generally grouped 
under the name of vesicoureteral reflux-3 (VUR- 
3). These are explained by the expression of 
SOX17 in the ureteric bud and metanephric mes-
enchyme of the developing kidney and urinary 
tract between 11.5–15.5 days after fertilization 
[138]. It is required also for both primitive meso-
derm formation and normal looping of the embry-
onic heart tube as well as for the normal 
development of the definitive gut endoderm [139].

4.1.10.3  Recommended Clones 
and Practical Considerations

Antibody From the limited data available, it 
seems that a goat polyclonal antibody, raised 
against the recombinant human SOX17, gives a 
clean nuclear staining. Other commercially avail-
able goat polyclonal antibodies against 
N-terminus of Sox-17 of mouse origin and a 
mouse monoclonal raised against E. coli-derived 
recombinant human SOX17 are both prone to 
nonspecific cytoplasmic staining [91]. For these 
reasons, a pH 6 buffer is recommended for HIER.

Controls GCNIS and seminoma are used as 
positive controls.

Staining patterns SOX17 produces a nuclear 
staining.

4.1.10.4  Expression
SOX17 is expressed in male and female fetal gono-
cytes, but in contrast with male spermatogenesis, 
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no expression is detected in oogenesis beyond the 
stage of gonocyte [91]. In spermatogenesis, SOX17 
is expressed in the stages of spermatogonium, sper-
matocyte, and spermatid, showing no staining in 
the other cells of the seminal epithelium [91].

Limited data are available on the expression of 
SOX17 in testicular GCT, but in contrast with 
SOX2, it stains cells of GCNIS and seminoma, 
while EC is negative [91, 95]. Thus, it is useful in 
the differentiation of seminoma from EC. Nuclear 
staining is present in all tumor components of 
YST, while the expression in teratoma is variable 
but always occurs in glandular elements, as 
expected of its role in endodermal development. 
Choriocarcinomas are negative [95].

4.1.11  AP-2γ

4.1.11.1  Nomenclature
AP-2γ, the activating enhancer-binding protein 2 
gamma, is also called the transcription factor 
ERF-1 gene (estrogen receptor factor 1).

4.1.11.2  Gene Function 
and Chromosomal Location

The protein is encoded by the TFAP2C gene 
located on the 20q13.31 chromosome region. It is 
part of the AP2 family of transcription factors 
that interacts with various genes to control the 
ectoderm development, especially the skin and 
the neural crest [140]. In murine embryos, it has 
been shown to interact with transcription factors 
such as BLIMP1 and PRDM14 for the differen-
tiation of epiblast-like cells into primordial germ 
cells [141]. It also cooperates with CDX2 in 
maintenance of the extraembryonic trophoblast. 
Together, they act in alternative pathways and are 
correlated with the repression of the pluripotency 
factor NANOG [142].

4.1.11.3  Recommended Clones 
and Practical Considerations

Antibody AP-2γ clone 6E4/4 is a mouse 
monoclonal antibody raised against bacterially 
produced AP-2 protein and specifically recog-
nizes the C-terminus of AP-2γ. It is the most 
frequently used clone, and at a pH 6 for HIER, 
it produces a sharp staining on various 
platforms.

Controls GCNIS and seminomas can be used as 
positive control.

Staining patterns Nuclear staining is the 
accepted pattern for this antibody.

4.1.11.4  Expression
In embryonal tissue, it is expressed by gonocytes, 
reaching its highest expression at 12 weeks of 
gestation, followed by a gradual downregulation, 
which correlates with testicular maturation. It is 
detected until the 37th week of gestation, being 
absent in the adult testis [143]. It is overexpressed 
by GCNIS, gonadoblastoma, and seminoma. 
Only focal expression was observed in EC, cho-
riocarcinomas, skin, and skin adnexa of terato-
mas. YST and spermatocytic tumor are negative 
[47, 143].

AP-2γ also stains the granulosa cell layer of 
ovarian follicles and is weakly expressed in iso-
lated cells of immature testicular granulosa cell 
tumors [47]. There is an AP-2γ progressive 
downregulation and loss of staining in primary 
melanomas as compared with nevi [144]. It is 
upregulated in advanced-stage ovarian carcinoma 
compared with early-stage carcinomas, border-
line tumors, and ovarian surface epithelium 
[145], suggesting its possible relationship with 
tumor progression.

Positive Negative

Germ cell 
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tumor

Positive Negative

Germ cell 
tumors

Seminoma
Yolk sac 
tumors
Teratomas 
(glands)

Embryonal carcinoma
Choriocarcinoma
Spermatocytic tumor

Non-germ 
cell tumors

NA NA
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Positive Negative

Non-germ 
cell tumors

Immature 
testicular 
granulosa cell 
tumors
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Advanced-stage 
ovarian 
carcinomas

Melanomas

4.1.12  IMP3

4.1.12.1  Nomenclature
IMP3 or IGF-II mRNA-binding protein 3 is also 
known as KH domain containing protein overex-
pressed in cancer, KOC1, L523S, or IGF2BP3.

4.1.12.2  Gene Function 
and Chromosomal Location

IMP3 is the third member of IGF-II mRNA- 
binding protein family, which contains a combi-
nation of two RNA recognition motifs and four 
hnRNP K homology domains. They are coded by 
the IGF2BP3 gene located on the chromosomal 
region 7p15.3. They have a high affinity and mul-
tiple attachments to the IGF-II leader 3, an 
untranslated region of the insulin-like growth 
factor II, an important growth factor in embryo-
genesis [146].

In humans, IGF2 gene expression is con-
trolled by the imprinting control region 1 (ICR1) 
located in chromosome 11p15.5. DNA methyla-
tion defects involving the ICR1 are responsible 
for two growth disorders: (1) the Beckwith- 
Wiedemann syndrome (maternal ICR1 hyper-
methylation) characterized by a disproportionate 
overgrowth of the fetus, malformations, and a 
high risk of developing renal tumors, rhabdo-
myosarcomas, or hepatoblastoma and (2) the 
Silver-Russell syndrome (paternal ICR1 loss of 
methylation) which is generally characterized by 
growth restriction [147].

4.1.12.3  Recommended Clones 
and Practical Considerations

Antibody Clone 69.1 was raised against amino 
acids 2–580 of a recombinant protein similar to 
human IMP3 and has been used in the majority of 

the studies. Moreover, the IGF2BP3 (IMP3) 
mRNA is correlated with the status of protein 
expression by immunohistochemistry in ovarian 
clear cell carcinomas [148]. In our experience, 
the rabbit clone EP286 raised against a synthetic 
peptide corresponding to human IMP3 provides 
comparable results.

Controls Cytoplasmic and nuclear staining is 
observed in a large panel of fetal tissues, while 
ganglionic and granular layers of the cerebellar 
cortex or germ cells of the adult ovary or testis (see 
below) can be used as a positive control.

Staining patterns Cytoplasmic and nuclear 
staining is the accepted pattern.

4.1.12.4  Expression
IMP3 is expressed ubiquitously in fetal tissues, 
while in the gonads, it has been detected in rest-
ing and growing oocytes and granulosa cells of 
the ovary. In the adult testis, a cytoplasmic and 
nuclear staining is demonstrated in all spermato-
gonia, spermatocytes, and spermatozoa [149]. 
Extensive studies have demonstrated that IMP3 
acts as an oncoprotein with no expression in 
benign tissues, whereas it is highly associated 
with aggressive and advanced cancer, promoting 
tumor cell proliferation, invasion, and metastasis 
[150, 151].

It has been suggested that IMP3 plays a role in 
GCT development, and its immunohistochemical 
expression has been demonstrated in the majority 
of these tumors, including spermatocytic tumor 
[149]. Its highest expression has been reported in 
EC, but what makes this antibody remarkable is 
the difference in its expression in male and 
female teratomas; it is positive in primary and 
metastatic testicular teratomas (Fig. 4.7) but neg-
ative in ovarian teratomas [151]. These data may 
further support reflect the malignant nature of 
testicular teratomas and the possibility of a dif-
ferent histogenesis from ovarian teratomas. This 
difference in expression might be explained by 
the parental imprinting of the Igf-II gene demon-
strated in mice which shows that the difference in 
growth phenotype depends on the type of gamete 
contributing to the mutated allele. As the paternal 
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allele is expressed in the majority of the tissues 
[152], the expression in only male teratomas 
might be simply sex related.

For primary and metastatic GCT diagnosis, 
the antibody is of little use as it cannot be used 
either as a marker for GCNIS, due to its expres-
sion in spermatogonia, or to differentiate ovarian 
GCT from somatic carcinomas as it stains muci-
nous, clear cell, serous, and faintly endometrioid 
carcinomas of the ovary [148].

Positive Negative

Germ 
cell 
tumors

Seminoma
Embryonal carcinoma
Yolk sac tumors
Choriocarcinoma
Spermatocytic tumor
Testicular teratomas 
(epithelial elements)

Ovarian 
teratomas 
(epithelial 
elements)

Non- 
germ 
cell 
tumors

Mucinous, clear cell, 
and endometrioid 
carcinomas of the 
ovary
GISTs, 
angiomyolipoma, 
mastocytosis, thymic 
carcinomas, lung 
carcinomas, etc.

Solitary fibrous 
tumor, alveolar 
soft part 
sarcoma, 
desmoplastic 
small round cell 
tumor, glomus 
tumor, 
leiomyoma, etc.

4.1.13  GATA3

4.1.13.1  Nomenclature
GATA3, also known as trans-acting T-cell- specific 
transcription factor GATA3 or GATA- binding 

factor 3, is one of the 6 members of GATA tran-
scription factors with important roles in develop-
ment. Indeed, except for GATA5, their inactivation 
is followed by embryonic death [153, 154].

4.1.13.2  Gene Function 
and Chromosomal Location

GATA3 is an essential enhancer of T-cell recep-
tors, binding to its alpha and delta receptor genes 
via the 2 GATA-type zinc fingers. The human 
GATA3 gene was mapped on the 10p15 
 chromosomal region, a critical region in the 
development of the parathyroid glands, inner ear, 
and kidneys [155]. Genetic mapping and subse-
quent functional studies indicate that deletion of 
chromosome 10 (del10p) or GATA3 gene muta-
tions induce its functional haplo-insufficiency and 
causes human HDR syndrome, also known as 
Barakat syndrome, characterized by hypoparathy-
roidism, sensorineural deafness, and renal disease 
[156]. In embryonic life, besides its importance in 
development and differentiation of the luminal 
breast epithelium, parathyroid gland, adipose tis-
sue, and other non-hematopoietic organs [157], 
GATA3 is required for the differentiation of CD4-
positive T-helper 2 (Th2) cells, a process relevant 
in immune and inflammatory responses [158].

4.1.13.3  Recommended Clones 
and Practical Considerations

Antibody With clone HG3-31 of GATA3, a 
mouse monoclonal antibody raised against the 
N-terminus of human recombinant GATA3, posi-
tivity in GCT has never been reported. However, 
the introduction of clone L50-823 raised against 
a peptide between trans-activation and DNA- 
binding domains of GATA3 has consistently 
demonstrated trophoblastic and endodermal 
expression [159]. Due to its reduced sensitivity, 
clone HG3-31 should not be used in routine 
diagnosis.

Controls Urothelial and breast normal epithe-
lium and carcinomas can be used as positive 
controls.

Staining patterns Only nuclear pattern is con-
sidered positive.

Fig. 4.7 Testicular teratoma and germ cell neoplasia in situ 
showing a nuclear and cytoplasmic expression for IMP3

O. Preda and F.F. Nogales
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4.1.13.4  Expression
Nuclear staining was detected in the epidermis, 
peritoneal mesothelium, and all trophoblastic cells 
of a 7-week-old embryo with some focal positivity 
in the caudal mesenchyme and endothelial cells 
[159]. Normal human secondary yolk sacs do not 
express GATA3, not even those from as early as the 
5th and 6th weeks [160]. Meanwhile, the epider-
mis, epithelia of oral cavity, olfactory plate, peri-
ocular mesenchyme, skull base cartilage, isolated 
cells in the brain, and nerve glia as well as one-third 
of the tubular structures and glomerular mesangial 
cells were positive in a 10-week-old fetus [159].

In adult tissue, GATA3 staining is frequently 
encountered in many tissues, including the hema-
topoietic (blood, bone marrow, thymus, B, T, ery-
throid, and myeloid lineages), blood vessels 
(endothelial cells), adipocytes, adrenal gland, 
urothelium, mammary gland, brain, and hair fol-
licles. In the kidney, the collecting ducts, distal 
tubules, and mesangial cells are positive. Variable 
staining in seminal vesicle and prostate basal 
cells is also observed. Terminal ducts of the 
parotid gland and the thymic cortex are also posi-
tive. In normal testis, no staining is observed. 
Decidual stromal change in the uterus and endo-
metriosis may also be positive [159].

Initial immunohistochemical studies demon-
strated a higher sensitivity of GATA3 nuclear 
staining for tumors of urothelial and breast ori-
gin, compared with classical markers [157]. An 
even lower expression is seen in triple negative, 
medullary, and metaplastic breast carcinomas 
[161]. Nevertheless, as more studies are pub-
lished and clone L50-823 is used, GATA3 is seen 
to demonstrate an absence of specificity, being 
positive in many tissues such as parathyroid 
[162], salivary gland tumors [163]; mucinous and 
non-mucinous pancreatic adenocarcinomas; 
squamous cell carcinomas; basal cell carcino-
mas; chromophobe carcinomas of the kidney; 
mesotheliomas, poorly differentiated papillary, 
or mucinous adenocarcinomas of the lung; carci-
nomas of the stomach, colon, prostate, endome-
trium, thyroid, serous, and Brenner benign; and 
borderline ovarian tumors. Most extra-adrenal 
paragangliomas are positive, while the glandular 
component of synovial sarcomas may also be 

stained. Other types of sarcomas may also be 
stained [159]. It was also described as a sensitive 
marker of benign and malignant mesonephric 
lesions in the lower female genital tract [164].

Clone L50-823 also highlights the choriocarci-
noma component of mixed GCT (both cyto- and 
syncytiotrophoblasts) (Fig. 4.8a) and the syncy-
tiotrophoblastic cells of seminoma [159], which 
supports a GATA3 role in trophoblast differentia-
tion [165]. Besides the staining in tumors with 
trophoblastic differentiation, endodermal ele-
ments are also strongly stained, while only focal 
elements of EC are identified [159]. This might be 
explained by cross-reactivity of the antibody with 
other GATA family members, as GATA-4, GATA-
5, and GATA-6 are expressed in the endoderm in 
an overlapping manner [47, 158].

A study on YST using clone L50-823 demon-
strated that GATA3 is only expressed by the 
primitive areas of YST (reticular-microcystic, 
endodermal sinus, polyvesicular, polyembryoma) 
(Fig. 4.8b), while the less frequent somatic pat-
terns (like glandular, hepatoid, and solid) are 
consistently negative. In routine diagnostic pro-
cedures, most YST are identified by the presence 
of primitive areas which express GATA3; conse-
quently it is a good marker for classic types of 
YST. However, hepatoid, glandular, and solid 
YST, which often constitute a diagnostic chal-
lenge, do not consistently express GATA3 [160].

Positive Negative

Germ cell 
tumors

Choriocarcinoma
Syncytiotrophoblasts 
of seminomas
Yolk sac tumors
Squamous 
differentiation 
mature teratoma

Seminoma
Embryonal 
carcinoma
Teratomas
Glandular and 
hepatoid YST
Spermatocytic 
tumor

Non-germ 
cell tumors

Urothelial 
carcinomas, breast 
carcinomas, 
parathyroid 
carcinomas, 
mucinous and 
non-mucinous 
pancreatic 
adenocarcinomas, 
squamous and basal 
cell carcinomas, etc.
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Table 4.1 summarizes pluripotentiality, transcrip-
tion factors, and developmental stage-related 
markers used in immunohistochemical diagnosis 
of GCT, while Table 4.2 analyzes antibodies pub-
lished in research papers but less frequently used 
in diagnostic histopathology. Figure 4.9 depicts 
neoplastic differentiation pathways and its corre-
sponding pluripotentiality markers in both type II 
GCT (associated with GCNIS or gonadoblas-
toma) and parthenogenetically activated Type IV 
GCT.

4.2  Classic Markers

4.2.1  PLAP

4.2.1.1  Nomenclature
Placental alkaline phosphatase or PLAP; it is also 
known as Regan isoenzyme.

4.2.1.2  Gene Function 
and Chromosomal Location

Alkaline phosphatase encompasses a family of 
four different genes that encodes hydrolase 
enzymes. The genes that encode the placental, the 
placental-like, and the intestinal form are located 
on chromosome 2q37, while the fourth one which 
encodes the hepatic, osseous, and renal type is 
located on chromosome 1p36.12 [166–168].

PLAP is normally secreted by the placental 
syncytiotrophoblasts and physiologically is 

involved in cellular transport, proliferation, and 
differentiation, regulation of metabolism, and 
gene transcription [169]. Even if its serum levels 
might be separately identified [170], due to its 
expression in normal conditions and several 
malignancies [53, 170–174], it is not considered 
a reliable diagnostic tool, although high levels in 
GCT are associated with seminomas [175, 176].

4.2.1.3  Recommended Clones 
and Practical Considerations

Antibody Mouse monoclonal antibodies such 
as 8A9 and NB-10 are the most frequently used. 
Clone SP15, a rabbit monoclonal antibody, can 
also be used with optimal results in the majority 
of the actual platforms. Alkaline buffer for the 
HIER is required.

Controls Placenta is the optimal positive con-
trol. Normal testicular and ovarian parenchyma 
should be negative. A cross-reactivity with skel-
etal and smooth muscle fibers occurs with clone 
8A9 and should be accepted, as stated on various 
vendors’ data sheets.

Staining patterns Membranous and cytoplas-
mic are the expected patterns.

4.2.1.4  Expression
A membranous and rarely cytoplasmic positivity 
was identified in different normal tissues and 
various tumors other than germ cells [177, 178]. 

a b

Fig. 4.8 (a) Area of trophoblastic differentiation expressing GATA3. (b) GATA3 nuclear staining highlights areas of 
primitive pattern of yolk sac tumor

O. Preda and F.F. Nogales
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In the fetal testis, distinct positivity is observed in 
the primitive germ cells [179], but normal adult 
testicular tissue is negative [180]. In our experi-
ence, significant loss of immunoreactivity occurs 
in poorly fixed or autolyzed material.

PLAP is re-expressed not only in precursor 
neoplastic germ cell lesions (GCNIS and gonad-
oblastoma) [38, 180, 181] but also in infiltrative 
gonadal and extragonadal, primary, or metastatic 
GCT [182–184]. Seminomas account for the 
strongest reactivity in up to 100 % of the cases 
(Fig. 4.10a), followed by a lower intensity of the 
staining in 97 % of EC (Fig. 4.10b) and 85 % of 
YST. Staining is focal in cytotrophoblasts of cho-
riocarcinoma [180, 181], and areas of immature 
elements in teratoma may also be positive 
[180]176.

Positive Negative

Germ 
cell 
tumors

Seminoma
Embryonal carcinoma
Yolk sac tumors
Choriocarcinoma
Teratomas (epithelial 
elements)

Spermatocytic 
tumor

Non- 
germ 
cell 
tumors

Gastrointestinal, 
gynecologic,
lung, breast, and 
urologic tumors

4.2.2  CD30

4.2.2.1  Nomenclature
CD30 is recognized under various names such as 
Ki-1 or TNFRSF8 (tumor necrosis factor recep-

EMBRYONAL GERM CELLS
OCT4, SALL4, NANOG, Lin28, CD177

SEMINOMA -  DYSGERMINOMA
OCT4, SALL4, NANOG, Lin28, CD117

EMBRYONAL CARCINOMA
SOX2, OCT4, SALL4, NANOG, Lin28

IMMATURE TERATOMA
Focal SOX2, SALL4, Lin28

YOLK SAC TUMOR
SALL4, Lin28

MATURE TERATOMA CHORIOCARCINOMA

Immunophenotypic expression of pluripotentiality factors in
Type II and Type IV GCT neoplastic developmental pathways

MALIGNANT TERATOMA
IMP3. Focal SOX2, SALL4, Lin28

Fig. 4.9 Immunophenotypic expression of pluripotenti-
ality factors in GCT developmental pathways. Type II 
tumors (postpubertal testicular and extragonadal), origi-
nated from germ cell neoplasia in situ (blue arrows and 
text), are different from ovarian parthenogenetically acti-
vated type IV (red arrows and text). Each tumor type 
exhibits a characteristic immunophenotype related to its 

degree of pluripotentiality, ranging from an unrestricted 
one in seminoma-dysgerminoma and embryonal carci-
noma to absent in terminally differentiated tumors like 
choriocarcinoma and mature teratoma. Tumors of inter-
mediate type of differentiation, such as yolk sac tumors, 
immature teratomas, and testicular postpubertal teratomas 
present only a partial, heterogeneous expression
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tor superfamily member 8) and is normally 
expressed by several embryonal tissues and con-
sequently considered important in cell prolifera-
tion and development [185].

4.2.2.2  Gene Function 
and Chromosomal Location

CD30 is a cytokine receptor [186], part of the 
tumor necrosis factor superfamily with the 
encoding gene mapping to human chromosome 
1p36 [187]. Functionally, it may play a role in the 
deletion of autoreactive T cells [188] and inhibi-
tion of apoptosis [189].

4.2.2.3  Recommended Clones 
and Practical Considerations

Antibody The monoclonal antibody generally 
used for its detection is Ber-H2, and it stains the 
cell membranes in alkaline HIER conditions.

Controls Tonsil-activated inter- and perifollicu-
lar B and T cells should be used as low- expressing 
positive controls; they must show a distinct mem-
branous staining and focally a dot-like reaction in 
the Golgi area of the cytoplasm. Positive classic 
Hodgkin’s lymphoma or EC could be used as 
positive controls. Staining should be as strong as 
possible and should not be accompanied by any 
unspecific staining or background.

Staining patterns In lymphoid neoplasia, mem-
brane and Golgi area patterns are frequently 

demonstrable. In EC, only membrane staining is 
noted. The presence of cytoplasmic staining 
could be related to tissue fixation and/or 
autolysis.

4.2.2.4  Expression
It was first described in various lymphoprolifera-
tive disorders, particularly expressed on the sur-
face of Reed-Sternberg cells of Hodgkin’s 
lymphoma [190] and the cells of anaplastic large 
cell lymphoma (Ki-1 lymphoma) [191]. It is also 
overexpressed by the leukocytes of patients with 
chronic inflammatory diseases and has been sug-
gested as a therapeutic target in autoimmune dis-
eases [192].

In GCT, CD30 emerged as a highly specific 
antibody for EC (Fig. 4.11) [18, 43, 186,  
193, 194]. Chemotherapy may modulate CD30 
expression in EC, as it has been reported nega-
tive in a series of treated cases [195]. 
Additional EC markers may be necessary in 
these cases to reach a diagnosis [45]. As evi-
dence of its close relationship with EC, minute 
foci of expression in classical seminoma 
would suggest early transformation into EC 
[196]. The accompanying undifferentiated 
GCNIS is constantly negative [17, 18, 43, 
196], and, as expected, intratubular EC should 
stain positive. Generally, other GCT fail to 
express CD30 [17, 18, 43, 196, 197] and only 
isolated YST and mature teratoma may display 
focal positivity. This makes CD30 one of the 

a b

Fig. 4.10 (a) PLAP membranous expression in seminoma and germ cell neoplasia in situ while a similar pattern is 
seen in focal areas of embryonal carcinoma (b)
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most specific antibodies in a GCT diagnostic 
panel.

Positive Negative

Germ cell 
tumors

Embryonal 
carcinoma

Seminoma
Yolk sac tumor
Choriocarcinoma
Teratomas
Spermatocytic 
tumor

Non-germ 
cell tumors

Hodgkin’s 
lymphomas, 
anaplastic large cell 
lymphoma, 
anaplastic variant of 
diffuse large B-cell 
lymphoma, 
CD30-positive 
cutaneous 
lymphoproliferative 
disorders

4.2.3  Alpha Fetoprotein

4.2.3.1  Gene Function 
and Chromosomal Location

Alpha-fetoprotein (AFP) is a member of the albu-
minoid gene superfamily, encoded by a gene 
localized on 4q11-q22 region [198]. This early 
protein is secreted by both primitive and second-
ary human yolk sac and is involved in the binding 
and transport of ligands. Among its many pre-
sumed functions, it has been proposed that it 
plays a role as growth regulator in fine-tuning the 

architectural interstitial growth patterns in devel-
oping organisms [199].

4.2.3.2  Recommended Clones 
and Practical Considerations

Antibody Polyclonal antibodies have been used 
to demonstrate the presence of the protein in dif-
ferent tissues. A recently introduced rabbit mono-
clonal antibody, clone EP209, gives crisp staining 
on endodermal elements of mixed GCT. Its speci-
ficity and sensitivity are still to be determined in 
ample studies.

Controls Well-fixed and non-autolysed embry-
onal liver is a reliable positive control.

Staining patterns Both normal and pathologic 
positive tissues give an often granular cytoplas-
mic staining that is particularly strong in intracy-
toplasmic lumina, as it occurs in the human yolk 
sac [200]. As a protein secreted in the serum, a 
strong nonspecific background reaction and posi-
tivity in necrotic areas and cystic contents is reg-
ularly seen.

4.2.3.3  Expression
AFP remains a highly specific immunohisto-
chemical marker for YST, although, in the same 
way as β-hCG, it is also secreted by many non- 
GCT not only in the female genital tract [201] but 
also by tumors of other organs, usually those of 
endodermal origin with an associated hepatoid 
component [202].

Diagnostically relevant serum AFP isoforms 
are produced in non-neoplastic liver disease (L1) 
and liver cancers (L3), while L2 isoform is char-
acteristic of YST [203]. Interestingly, both L2 and 
L3 isoforms can be elevated in pediatric YST 
reflecting both yolk sac and hepatic differentia-
tions [204]. In the secondary human yolk sac, 
AFP positivity is limited to the endodermal layer 
where intracellular vesicles and endodermal 
tubules are highlighted by strong membrane AFP 
expression [200]. In primitive YST patterns, AFP 
produces a strong granular cytoplasmic positivity 
(Fig. 4.12a), especially in intracellular lumina. It 
may also be present in the hyaline globules, 
although most of them are not immunoreactive 

Fig. 4.11 CD30 specifically stains cell membranes of 
embryonal carcinoma
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for this antigen [205]. Classical patterns have a 
heterogeneous but consistent AFP expression. 
However, in somatic glandular patterns, staining 
is either only focal or absent, often restricted to 
cytoplasm and the apex of isolated columnar 
cells, and difficult to identify at low power [206]. 
AFP-positive areas in embryoids (Fig. 4.12b) and 
EC reflect differentiation into YST [207]. GCNIS, 
gonadoblastoma, seminoma, EC, choriocarci-
noma, and spermatocytic tumor are negative.

Positive Negative

Germ 
cell 
tumors

Yolk sac tumors
Teratomas (some 
epithelial 
elements)

Seminoma
Embryonal carcinoma
Choriocarcinoma
Teratomas
Spermatocytic tumor

Non- 
germ 
cell 
tumors

Various AFP- 
secreting and 
hepatoid- 
differentiated 
tumors

4.2.4  Podoplanin

4.2.4.1  Nomenclature
Podoplanin identifies a type 1 transmembrane 
sialoglycoprotein whose mRNA was first 
described in the murine osteoblastic cell line 
MC3Y3/E1 [208]. It was later recorded as anti-
gen E.11 in the lymphatic endothelium and 
 subsequently given other names, such as antigen 

M2A of the fetal gonocytes and Sertoli cell dif-
ferentiation that is analog to T1α in the alveolar 
epithelial cells or gp36, a receptor for the influ-
enza V virus or human Aggrus, a platelet aggre-
gation inducing sialoprotein [209].

In 1997, Breitenede and Geleff described it in 
the podocytes and parietal cells of the Bowman’s 
capsule of a murine nephrosis model [210, 211], 
and it became known as podoplanin.

4.2.4.2  Gene Function 
and Chromosomal Location

The protein is encoded by the gene PDPN that 
maps to human chromosome 1p36.21 [212]. 
Knockdown embryos die soon after birth due to 
the lack of type I lung alveolar cells [213] with 
associated generalized lymphedema [214], high-
lighting its role in the development and matura-
tion of lung and lymphatic endothelium.

4.2.4.3  Recommended Clones 
and Practical Considerations

Antibody Clone D2-40 gives the highest rates 
of optimal results on the majority of the actual 
platforms. Alkaline antigen retrieval is indicated.

Controls Normal tonsil is an accessible and rec-
ommended positive control. Dendritic cells of the 
follicular centers, basal cells of the surface epi-
thelium, and lymphatic endothelium should give 
intense staining.

a b

Fig. 4.12 (a) AFP granular cytoplasmic staining is seen 
in epithelial cells of yolk sac tumor. There is also a back-
ground in areas of necrosis and gland secretion. (b) Focal 

staining is seen in yolk sac tumor while embryonal cell 
carcinoma areas are negative
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Staining patterns Cytoplasmic and membra-
nous staining is accepted in antibody evaluation. 
In seminoma, the antigen is even maintained in 
areas of necrosis.

4.2.4.4  Expression
D2-40 is expressed by various normal tissues, 
and it is mainly used to stain the lymph vessel 
endothelial cells [210, 215]. For this reason, it is 
frequently used to confirm the presence of endo-
lymphatic emboli, lymph vessel malformations, 
or their neoplasms [216–220]. Its polarized posi-
tivity was noticed when it was first used to iden-
tify osteoblasts in the rat. These studies not only 
revealed the positivity of osteoblast cell mem-
brane toward the osteoid, but also that type I lung 
alveolar cells were labeled only at their apical 
surface, and the epithelial cells of the thymus 
were stained at the surface facing the thymic 
parenchyma [210] It is also expressed in the yolk 
sac mesothelium. Mesotheliomas, especially the 
epithelioid variant, trichoepitheliomas, follicular 
dendritic cell tumors, meningiomas, and 
cartilage- derived tumors, are just some of the 
numerous neoplasms that express the antibody 
[209, 221–226].

D2-40 is normally expressed by the fetal gono-
cytes and the pubertal Sertoli cells. This double 
positivity is lost later with puberty, and it is re-
expressed only by GCNIS [92, 221, 223]. D2-40 
has strong membranous, but also cytoplasmic, 
paranuclear positivity in almost all seminomas 

and is considered by many as a specific marker for 
seminoma (Fig. 4.13a) [227–230].

EC is associated with the highest variability 
rates of staining, from negative to various per-
centages of positivity. Apical positivity is 
reported in up to 89 % of EC. In other studies, 
11 % of cases present complete cytoplasmic posi-
tivity in less than 5 % of the cells [230–231]. In 
our experience, solid EC is negative, and only 
papillary and glandular areas show apical positiv-
ity in more than 50 % of the cases (Fig. 4.13b). 
Mesenchymal elements of teratoma may also 
show focal positivity.

Positive Negative

Germ cell 
tumors

Seminoma
Embryonal 
carcinoma
Teratomas 
(mesenchymal 
elements)

Yolk sac tumors
Choriocarcinoma
Teratomas 
(epithelial 
elements)
Spermatocytic 
tumor

Non-germ 
cell tumors

Mesothelioma, 
lymph vessel 
tumors, 
trichoepitheliomas, 
follicular dendritic 
cell tumors, etc.

4.2.5  Glypican-3

4.2.5.1  Nomenclature
Human glypican 3 protein was originally called 
OCI-5 or MXR-7.

a b

Fig. 4.13 (a) Strong and diffuse cytoplasmic D2-40/podoplanin expression in seminoma. Lymph vessel endothelium 
serves as a positive internal control. (b) Only apical D2-40 positivity is seen in areas of embryonal carcinoma
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4.2.5.2  Gene Function 
and Chromosomal Location

Glypican 3 (GPC3) is a cell-surface heparan sul-
fate proteoglycan, one of the six glypican family 
members that have been identified in mammals 
[233]. It is encoded by a gene located on chromo-
somal region Xq26 and, similarly to AFP, seems 
to regulate cellular growth and apoptosis [234]. 
GPC3 is anchored to the cytoplasmic membrane 
by glycosylphosphatidylinositol and acts as a co- 
receptor for the growth factors that bind to hepa-
rin, such as fibroblast growth factor and 
insulin-like growth factor; this interaction has a 
role in cell growth and differentiation [235]. 
Gene mutations are responsible for the Simpson- 
Golabi- Behmel syndrome characterized by pre- 
and postnatal overgrowth [236].

4.2.5.3  Recommended Clones 
and Practical Considerations

Antibody The most consistent results are 
obtained with the use of clone 1G12, a mouse 
monoclonal antibody. Nevertheless, at least in 
GCT, we obtained similar results with clone 
SP86, a rabbit monoclonal antibody.

Controls For positive control, second-trimester 
placenta should be used; the membrane and 
strong cytoplasmic staining of the cyto- and syn-
cytiotrophoblasts and some cells of the mesen-
chymal villous cores should also stain [237]. 
Fetal liver could also be used, but the results may 
be unreliable, due to frequent autolysis.

Staining patterns Membranous and cytoplasmic.

4.2.5.4  Expression
The antibody is expressed by the endodermal 
layer of the 8th to 11th week human yolk sac 
where, similar to AFP, it delineates inter- and 
intracellular tubules. Other endodermal-derived 
tissues like immature liver, lung, and pancreatic 
acinar cells are also positive. Moreover, the renal 
tubules of mesodermal origin and neuroectoder-
mal elements are also positive [238]. Placental 
syncytiotrophoblasts are invariably positive, 
while results are varied in the cytotrophoblast 
[239–242].

GPC3 is expressed in normal tissues like the 
ovary, breast, and mesothelium, and its expression 
may be inactivated through a hypermethylation 
mechanism in their corresponding neoplasms, 
such as ovarian and breast carcinomas, cholangio-
carcinomas, or mesotheliomas [243–245]. On the 
contrary, compared with the negativity in their 
supposed cells of origin, GPC3 is activated and 
highly expressed by hepatocellular carcinoma, 
hepatoblastoma, colonic adenocarcinoma, Wilms´ 
tumor, and other embryonal neoplasms [246–249]. 
All these data support the notion that in various 
locations, GPC3 acts like a suppressor or oncofe-
tal protein [250]. One may imagine a similar 
mechanism for YST tumorigenesis, but this would 
be true only for the rare placental YST [251, 252], 
which may originate from the yolk sac itself, in 
the same way that experimental visceral YST 
develop from displaced yolk sac tissue after foe-
tectomy [253, 254]. However, this theory is not 
applicable for the gonadal and midline tumors.

GPC3 is also positive in other various embry-
onal tumors such as neuroepithelial tubules in IT 
and medullo- and nephroblastoma [246]. 80 % of 
placental site trophoblastic tumors and 100 % of 
the placental site nodules with uterine location 
are also positive [255]. GPC3 has been described 
as a useful marker for liver neoplasia [249, 256, 
257] where it has been introduced as a serum 
marker [258] used in conjunction with AFP lev-
els to increase diagnostic sensitivity. It can also 
be positive in primary melanoma [259], ovarian 
clear cell carcinoma [260], or squamous cell car-
cinoma of the lung [261], among others. 
Furthermore, AFP-producing gastric adenocarci-
nomas of both clear cell and hepatoid variants 
also co-expresses GPC3 [262] and should be con-
sidered an important differential diagnosis, espe-
cially when evaluating lymph nodes, ovarian, or 
liver metastases.

When compared with AFP in gonadal and 
extragonadal GCT, GPC3 is consistently reported 
as a diffuse and more intense marker in almost 
100 % of YST (Fig. 4.14a) [63, 241, 242, 263]. In 
our experience, GPC3 is expressed by the epithe-
lial, reticular, or glandular-alveolar components 
and is particularly overexpressed in solid and 
hepatoid areas. The latter variant is rarely identi-

4 Diagnostic Immunopathology of Germ Cell Tumors



158

fied and is easily misdiagnosed. In comparison 
with AFP, GPC3 highlights more epithelial areas 
of YST, presenting a cleaner and stronger stain-
ing than AFP. Moreover, rarely is GPC3 not 
expressed in YST, even highlighting minute epi-
thelial areas missed on H&E examination and 
AFP immunostain [238].

EC are generally negative [49, 240, 241, 263], 
although contradictory results have been pub-
lished of both gonadal and extragonadal GCT 
[241, 242, 264]. In our experience, almost 20 % 
of CD30- and OCT4-positive EC have a weak to 
moderate positive stain. These results might be 
interpreted as early endodermal differentiation of 
this stem cell neoplasm [238]. The importance of 
these results might become evident when evalu-
ating small diagnostic biopsies in which GPC3 
should not be automatically interpreted as an 
expression of only YST areas. In these cases, the 
concomitant evaluation of morphology and other 
antibodies is necessary to establish a correct 
diagnosis.

The positive staining in glands, stromal, and 
neuroepithelial elements of teratoma, together 
with the moderate positivity in the syncytiotropho-
blasts (Fig. 4.14b), highlights the low specificity of 
GPC3 [238]. Surprisingly, in one study, one of 
four spermatocytic tumors showed strong cyto-
plasmic positivity in cells with large nuclei and a 
membranous pattern in intermediate ones [238], in 
contradiction to previous reports [263].

Positive Negative

Germ 
cell 
tumors

Yolk sac tumors
Focal in Embryonal 
carcinoma
Spermatocytic tumor
Choriocarcinoma
Teratomas

Seminoma
Embryonal 
carcinoma
Teratomas

Non- 
germ 
cell 
tumors

Hepatocarcinomas, neuro-, 
medullo-, and 
nephroblastoma, 
rhabdomyosarcoma, etc.

4.2.6  Human Chorionic 
Gonadotropin

4.2.6.1  Nomenclature
Human chorionic gonadotropin (hCG), also 
known as beta polypeptide 3 (CGB3), represents 
one of the members of human glycoprotein hor-
mone family.

4.2.6.2  Gene Function 
and Chromosomal Location

Together with hormones such as luteinizing hor-
mone (LH), follicle-stimulating hormone (FSH), 
and thyroid-stimulating hormone (TSH), hCG is 
part of a family of glycoproteins that consists of a 
noncovalent dimer of alpha and beta subunits. 
The alpha subunit is shared by all the members of 
the family, while the beta subunit is responsible 
for the specific endocrine function and the one 

a b

GPC3

Fig. 4.14 (a) Strong cytoplasmic staining with a clean 
background characterizes Glypican 3 staining in yolk sac 
tumors and helps differentiate it from embryonal carci-

noma in the majority of the cases. (b) Similar results with 
only weak to moderate staining in syncytiotrophoblast
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targeted in immunohistochemical staining [265]. 
The β-hCG is encoded by the HCGB gene which 
is a complex of seven CGB genes and, together 
with the LHB gene, map together as a cluster to 
the chromosomal region 19q13.33 [266]. The 
main role of hCG is to maintain the corpus luteum 
during pregnancy. It has also an important role in 
cell differentiation and proliferation [267].

4.2.6.3  Recommended Clones 
and Practical Considerations

Antibody Polyclonal antibodies have proved 
their sensitivity and specificity in hCG detection, 
by targeting the beta subunit. As β-hCG is secreted 
into the serum, a weak unspecific background 
may frequently accompany the strong staining of 
syncytiotrophoblasts. A weak diffusion of the 
staining into the cytoplasm of the cytotropho-
blasts is also generally seen. All vendors recom-
mend alkaline pH buffer for the HIER and high 
dilution when using a concentrated antibody.

Controls First-trimester placenta is an optimal 
positive control.

Staining patterns The cytoplasm of positive 
cells is intensely stained.

4.2.6.4  Expression
The GCT that is associated with β-hCG positivity, 
a marker of syncytiotrophoblast, is choriocarci-
noma, often part of a mixed GCT. Isolated syncy-
tiotrophoblasts in other GCT will also stain 
positively. Precursor GCT lesions, teratoma, YST, 
and spermatocytic tumor are constantly negative. 
EC may show weak to moderate staining in iso-
lated cases [268]. Interestingly, some cases of 
classical seminoma show a diffuse or scattered 
cell staining pattern when a polyclonal antibody is 
used, correlating with elevated β-hCG serum lev-
els and mRNA expression [269]. Other than ges-
tational choriocarcinoma, which show similar 
aspects with the gonadal correspondent, placental 
site and epithelioid trophoblastic tumor may show 
β-hCG positivity in isolated, multinucleated cells; 
other tumors of cytotrophoblast and intermediate 
trophoblast origin are negative [270]. Complete 
hydatidiform mole shows strong expression of 

β-hCG and weak expression of PLAP, whereas 
weak hCG and strong PLAP expression is found 
in partial hydatidiform mole [271].

Carcinomas of various primary origins often 
show a trophoblastic differentiation. The major-
ity are undifferentiated carcinomas of the urinary 
bladder and endometrium but also breast, pan-
creas, or stomach [272]. Theoretically, every 
undifferentiated carcinoma may present areas of 
trophoblastic differentiation which should be 
interpreted as an unspecific feature. Giant cell 
tumor of the bone has been also reported with 
β-hCG positivity and elevated serum levels [273].

Positive Negative

Germ cell 
tumors

Seminomas with 
syncytiotrophoblasts
Choriocarcinoma

Embryonal 
carcinoma
Yolk sac tumors
Teratomas
Spermatocytic 
tumor

Non-germ 
cell tumors

Trophoblastic 
differentiation of 
different somatic 
tumors, placental 
site, and epithelioid 
trophoblastic tumor

4.3  Tissue Specific Markers 
Useful in GCT Diagnosis

4.3.1  Cytokeratins

Keratins (also known as cytokeratins) are inter-
mediate filament-forming proteins that constitute 
the main cytoskeleton of epithelial cells. They are 
classified based on the Moll catalogue, which 
groups the basic-to-neutral type II keratins as K1–
K8 and the acidic type I keratins as K9–K19 
[274]. An updated classification including 24 
types of keratins was later proposed in order to 
enable other mammalian keratins to be added 
[275]. Nevertheless, advances in sequencing of 
the human genome have divided keratin-related 
genes into the following four groups: (1) human 
epithelial keratins, (2) human hair keratins, (3) 
nonhuman epithelial/hair keratins, and (4) human 
keratin pseudogenes. The 54 actual human 
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 keratins are grouped as 28 type I and 26 type II 
keratins and are coded by clusters of genes on 
17q21.2 and 12q13.1 chromosomal regions, 
respectively [276]. Based on their molecular 
weight, they are also classified into low- and high-
molecular- weight keratins. Due to their electric 
charge, they are generally expressed into hetero-
typic tetramers of type I and type II proteins, but 
there is no structural incompatibility between any 
of the members of the two subfamilies [277]. In 
this chapter, we will limit our description to the 
keratins relevant to GCT diagnosis.

Seminomas have cells with a poorly developed 
cytoskeleton. Consequently, the keratin expression 
is not always evident (Fig. 4.15a) [278] and is usu-
ally expressed in isolated cells together with scarce 
and loose filaments of vimentin [279]. This “imma-
ture,” albeit complex, distribution of these interme-
diate filaments in seminoma, together with a more 
organized and higher expression especially of the 
high- molecular- weight keratins in non-seminoma-
tous tumors, has been related with the multipoten-
tiality and undifferentiated character of the initially 
transformed germ cell(s) [280]. Thus, they were 
initially used as a convenient diagnostic tool to dif-
ferentiate seminomas from non-seminomas [278]. 
However, seminomas commonly express traces of 
keratin 8 and 18 which highlight isolated positive 
cells in a  similar quantity as in EC. While keratin 
19 is almost  negative in EC, it is strongly expressed 
in YST, choriocarcinoma, and teratoma, in direct 
 correlation with the maturity of the tissue [281]. 

These results agree with our personal observations 
that wide spectrum cytokeratins such as AE1-AE3 
or CAM5.2 highlight the epithelial component of 
YST with a stronger and better definition compared 
with EC (Fig. 4.15b). Seminomas are cytokeratin-
positive in up to one-third of cases [282]. 
Syncytiotrophoblastic differentiation of seminoma 
is also positive for wide-spectrum keratins.

Keratin 7 (clone OV-TL 12/30) and wide- 
spectrum keratins highlight more than 40 % of semi-
nomas, while keratin 20 (clone Ks20.8) and 
high-molecular-weight keratins are invariably nega-
tive. EC does not stain for keratin 20 but expresses 
keratin 7 and wide-spectrum keratins [282]. Classical 
patterns of YST are generally negative for keratin 7, 
but areas of gut differentiation can be positive. 
Absence of both Keratin 7 and EMA expression is 
used in the differential diagnosis between classic 
forms of YST and clear cell carcinoma. [283].

4.3.2  CDX2

4.3.2.1  Nomenclature
CDX2 from caudal-type homeobox transcription 
factor 2 or CDX3 as a synonym

4.3.2.2  Gene Function 
and Chromosomal Location

CDX2 is a nuclear transcription factor, a member 
of the CDX family of homeobox genes located 
on chromosome 13q12.2.

a b

Fig. 4.15 (a) Focal, dot-like staining for cytokeratin 
CAM5.2 is seen in isolated cases of seminoma. (b) 
Cytokeratin AE1-AE1 exhibits a much stronger stain in 

areas of endodermal (yolk sac) differentiation than in 
embryonal carcinoma

O. Preda and F.F. Nogales



161

It plays a key role in proliferation, differentia-
tion, adhesion, and apoptosis of intestinal cells both 
in fetal and adult tissues [284]. A tumor suppres-
sion function was also described in murine models 
associating activation of the mTOR pathway and 
regulation of p21 and COX2 expression [285].

Murine models have demonstrated the impor-
tant role of Cdx2 transcription factor that, 
together with TEAD4 and Notch activity, acts on 
the correct specification of trophectoderm lin-
eage from the morular stage onwards, while both 
maternal and zygotic pools of Cdx2 are required 
for correct preimplantation embryogenesis [286, 
287]. In murine models, it has also been demon-
strated that Cdx2 is necessary for vasculogenesis 
in the yolk sac mesoderm, allantoic growth, cho-
rioallantoic fusion, and the completion of the 
normal process of gastrulation [288].

CDX2 mRNA is expressed in normal colorec-
tal epithelium and human small intestine. It is also 
expressed by ampullary epithelium, while weak 
staining is detected in the pancreatic ductal system 
and biliary tract. CDX2 is not expressed in normal 
epithelia of the stomach, esophagus, lung, breast, 
ovary, or uterus. Nevertheless, areas of intestinal-
type metaplasia might be positive [289, 290].

4.3.2.3  Recommended Clones 
and Practical Considerations

Rabbit monoclonal antibody EPR2764 y and 
mouse DAK-CDX2 produce adequate results on 
various platforms. HIER is recommended in an 
alkaline pH buffer and a tissue array including 
the colon and pancreas should be used as a posi-
tive control for both high- and low-expressing tis-
sues [291].

4.3.2.4  Expression
CDX2 expression has been demonstrated in 
colorectal adenocarcinomas and other gastrointes-
tinal carcinomas, with minimal or no staining in 
adenocarcinomas from other organs, especially the 
breast and lung [292, 293], and consequently it is 
used as a marker of intestinal differentiation [294] 
and included in a panel of antibodies for malignan-
cies of unknown origin. However, mucinous ovar-
ian adenocarcinomas show immunoreactivity for 
CDX2, though heterogeneously and less intensely 
than in colorectal carcinomas (questioned by some 

studies) [292]. In endometrial and endocervical 
adenocarcinomas, expression of CDX2 is rare 
[290] and has only been related with the presence 
of morular metaplasia [290, 295]. Similarly, CDX2 
is expressed by the morules of the cribriform vari-
ant of papillary thyroid carcinoma; gastric, duode-
nal, biliary, and colonic adenomas; polyps and 
endometrial hyperplasia; endometrial intestinal 
metaplasia; and endometrioid adenocarcinoma of 
the ovary [290]. Only 6 % of prostatic adenocarci-
nomas show focal expression, whereas staining is 
present in a higher percentage of cases with muci-
nous and signet ring cell differentiation [296]. 
85 % of urachal adenocarcinomas present diffuse 
positivity, while similar results have been reported 
in cases of intestinal-type sinonasal adenocarci-
noma [297, 298].

Its usefulness in the diagnosis of metastatic 
neuroendocrine tumors has been demonstrated by 
positivity in 47 % of cases, most of them of ileal, 
appendiceal, or colonic origin [299]. Together 
with TTF1, it helps differentiate them from their 
pulmonary equivalents. Similar results have been 
obtained in skin, ovarian, and thymic tumors. 
CDX2 is expressed more often in metastasis from 
small intestinal and appendiceal neuroendocrine 
tumors than in primary ovarian carcinoids [300].

Interestingly, in contrast with the lack of stain-
ing of stem cells and hematopoietic progenitors, 
90 % of cases of acute myeloid leukemia show 
positivity for CDX-2 [301], while its presence in 
pediatric acute lymphoblastic leukemia corre-
lates with persistence of residual disease [302].

We have recently demonstrated strong and dif-
fuse nuclear expression of CDX2 in the cells of 
the endodermal layer of secondary human yolk 
sacs from the 7th to 8th week, becoming weaker 
and more focal in distribution during the involu-
tion period. In embryos showing gut structures, 
lining cells have a strong nuclear positivity, 
which is, however, absent in liver and other tis-
sues [200].

In concordance with the consistent CDX2 
expression in human yolk sac, indicative of its 
intestinal role, classical patterns of YST demon-
strate focal positivity, while somatic glandular pat-
terns show a stronger expression with a 
heterogeneous or diffuse distribution (Fig. 4.16). 
Therefore it would seem that CDX2 positivity 
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highlights both areas of yolk sac and intestinal dif-
ferentiation, the latter being more evident in 
somatic glandular patterns, especially those with 
vacuolated epithelia resembling the embryonal 
gut. Areas of endodermal-type differentiation of 
endometrioid adenocarcinomas and areas of 
 morular metaplasia also show diffuse nuclear 
staining [206].

4.3.3  Villin

4.3.3.1  Nomenclature, Gene Function, 
and Chromosomal Location

Villin, also called villin-1 to differentiate it from 
its cytoplasmic correspondent villin-2 or ezrin, is 
a phospholipid-binding protein, part of a large 
family of actin-binding proteins that regulate 
actin dynamics, cell morphology, epithelial-to- 
mesenchymal transition, and cell migration [303]. 
It also protects cells from apoptosis by maintain-
ing mitochondrial integrity, thus inhibiting the 
activation of caspase-9 and caspase-3 [304].

Villin is associated with the microvillar actin 
filaments and with the terminal web of epithelial 
cells and is expressed in significant amounts in 
renal, urogenital, and gastrointestinal epithelial 
cells [304]. In humans, it is coded by the VIL1 
gene which maps to the 2q35 chromosomal 
region [305]. Its genetic alterations are responsi-
ble for microvilli motility dysfunction which 

manifests as biliary atresia and progressive cho-
lestasis and alteration of renal function [306].

4.3.3.2  Recommended Clones 
and Practical Considerations

The most frequently used antibody to detect villin 
in human tissues is the mouse monoclonal 1D2C3. 
As villin is regarded as an early marker of com-
mitted intestinal absorptive cells [303], its apical 
expression is seen in normal small intestine and 
proximal tubules of the nephron.

4.3.3.3  Expression
The apical expression, with or without cytoplasm 
staining [307], is normally reproduced in colonic, 
gastric, or pancreatic carcinomas. Only isolated 
cases of bronchioloalveolar, endometrial, ovarian, 
and kidney carcinomas have been reported [308]. 
As an early marker of endodermal cell lineage, vil-
lin is consistently expressed during early embryo-
genesis in both human yolk sac and early endoderm 
[200]. It is a highly sensitive endodermal epithelial 
marker in all cases of YST, both in classical and 
somatic glandular patterns (Fig. 4.17), being 
absent in pure EC and seminoma [206]. Its diffuse 
cytoplasmic expression parallels that of the human 
yolk sac and intestinal adenocarcinomas, where 
both diffuse cytoplasm and apical staining patterns 
occur [307, 309]. In our experience, villin is nega-
tive in ovarian clear cell carcinomas.

Fig. 4.16 CDX2 nuclear staining highlights minute foci 
of intestinal or yolk sac differentiation

Fig. 4.17 Villin staining in glandular endoderm of yolk 
sac tumor coexists with similar staining in teratomatous 
glands of a mixed GCT
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Villin is also considered as a marker of cells 
that arise from mesenchymal/epithelial conver-
sion in the developing kidney [303], which would 
concur with its expression in some kidney carci-
nomas, especially of clear cell type [310].

4.3.4  HepPar-1

4.3.4.1  Nomenclature, Gene Function, 
and Chromosomal Location

Hepatocyte paraffin 1 (HepPar-1) is a murine 
monoclonal antibody (clone OCH1E5) devel-
oped in 1993 using a failed liver allograft as a 
source of the immunogen [311]; its antigen was 
not identified until recently. Using immunopre-
cipitation and mass spectrometry, it was identi-
fied as carbamoyl-phosphate synthetase 1 
(CPS1), a rate-limiting enzyme in the urea cycle 
located in mitochondria [312]. Its granular pat-
tern is due to mitochondrial antigen location as 
was demonstrated with immunoelectron micros-
copy using protein A–gold (pAg) for postembed-
ding localization of antigens [313]. CPS1 
catalyzes the first committed step of the hepatic 
urea cycle by synthesizing carbamoyl-phosphate 
from ammonia, bicarbonate, and two molecules 
of ATP. CPS1 gene is located on the 2q34 chro-
mosomal region, and its deficiency causes hyper-
ammonemia ranging from lethal neonatal 
variants to environmentally induced adult-onset 
disease [314].

4.3.4.2  Recommended Clones 
and Practical Considerations

Clone OCH1E5 is the most frequently used. An 
alkaline HIER is always applied. The liver is the 
positive control of choice, always in conjunction 
with well-known negative controls such as lym-
phoid tissue.

4.3.4.3  Expression
Its specificity and sensitivity exceed 80 % for the 
detection of hepatic differentiated cells. It is still 
not totally specific as strong cytoplasmic staining 
has been demonstrated in cases of lung, gastric, 
and esophageal adenocarcinomas. Absorptive 

cells of the small intestine and intestinal metapla-
sia are also positive, while focal positivity has 
been reported in cholangio, urothelial, and pan-
creatic adenocarcinomas, among others [315–
317]. Its sensitivity for hepatic tissue tumors is 
not complete, as high-grade hepatocarcinomas 
and their fibrolamellar variant tend to be negative 
[316]. The endodermal layer of the secondary 
human yolk sac is positive throughout its evolu-
tion, as would be expected with a hepatic and 
intestinal differentiation marker; the secondary 
human yolk sac appears to act as a temporary 
liver and intestine due to its absorptive and pro-
tein synthesis functions [200].

In YST, the antibody detects isolated epithelial 
cells of most classical and somatic glandular pat-
terns (Fig. 4.18), as well as hepatoid histology 
[206, 317]. In our experience, it is negative in 
other GCT.

4.3.5  TTF1

4.3.5.1  Nomenclature, Gene Function, 
and Chromosomal Location

Thyroid transcription factor 1 (TTF1), also 
known as thyroid-specific enhancer-binding pro-
tein (TEBP), TITF1 or NKX2-1, is a homeodo-
main containing DNA-binding protein encoded 
by the NKX2-1 gene located on 14q13.3 chromo-
somal region.

Fig. 4.18 HepPar-1 shows granular cytoplasmic staining 
in endodermal glandular areas in yolk sac tumor
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Due to its major role in the development of the 
brain (forebrain regions, particularly the basal gan-
glia hypothalamus and pituitary gland), lung, and 
thyroid, germline mutations of the NKX2-1 gene 
are associated with dysfunction and malformations 
of these organs [318]. The TTF1 protein binds and 
activates the promoter of thyroid- specific genes 
such as thyroglobulin, thyroperoxidase, and thyro-
tropin receptor, while gene mutations are associ-
ated with thyroid dysgenesis, generally 
characterized by congenital goiter with thyroglobu-
lin synthesis defect [319]. TTF1 plays an important 
role in lung development, surfactant homeostasis, 
lung epithelial cell morphogenesis, and differentia-
tion. The chromosomal region 14q13.3 is amplified 
in approximately 12 % of lung adenocarcinomas 
[320]. Neurological disorders are frequently char-
acterized by benign chorea or are part of the brain-
lung-thyroid syndrome [321, 318]. Ependymomas 
of the third ventricle seem to be the only brain 
tumor that expresses TTF1 [322].

4.3.5.2  Recommended Clones 
and Practical Considerations

Different published results are likely due to varia-
tions in the clone used for the protein detection. 
While clone 8G7G3/1 is the most frequently used, 
it has been demonstrated to be less sensitive than 
SPT24 in detecting lung neoplasms, especially 
carcinoids and squamous cell carcinomas. 
Nevertheless, SPT24 can be positive in carcino-
mas of primary origins other than the lung or thy-
roid, particularly colorectal and bladder urothelial 
carcinomas [323, 324]. Due to cross-reactivity 
with a liver protein, only clone 8G7G3/1 gives a 
cytoplasmic and specific staining in hepatocarci-
nomas [325].

4.3.5.3  Expression
In normal tissues, the expression of TTF1 is 
restricted to follicular epithelial cells and the C cells 
of the thyroid [326] and to type II pneumocytes, 
ciliated and nonciliated (Clara cells) cells in termi-
nal and respiratory bronchioles, and basal cells of 
the distal bronchioles [327]. The tumors originated 
in these cells express the antibody in different per-
centages, generally related to the grade of differen-
tiation [326, 327]. The staining tends to be stronger 

in thyroid than in lung parenchyma, and for this 
reason, the latter one is recommended for the fine-
tuning of the antibody staining. In a recent study, 
clone 8G7G3/1 was negative in all but one case of 
classical YST patterns (polyvesicular) and had focal 
expression in three cases of somatic glandular pat-
tern [206]. Similarly to HepPar-1, teratomatous ele-
ments reproducing normal positive cells are 
expected to express TTF1. This is particularly true 
for cases of struma ovarii.

4.4  Spermatocytic Tumor: 
A Special Germ Cell Tumor 
with a Particular 
Immunophenotype

As a special type of GCT, with a particular mor-
phology, distinctive pathogenesis and exclusive to 
testicular parenchyma, spermatocytic tumor also 
presents a distinct immunoprofile. Spermatocytic 
tumor is extensively reviewed in Chapters 3 and 7.  
While the majority of the previously presented 
markers are generally not demonstrable or only 
stain-isolated cases of spermatocytic tumor, poly-
clonal CD117 antibodies stain the cell membrane 
of tumor cells in up to 40 % of cases [21], although 
results vary (Fig. 4.19a).

Due to their relative rarity and specific mor-
phology, immunohistochemical studies on sper-
matocytic tumors often include isolated case 
reports that demonstrate expression of some mark-
ers for this entity. Indeed, focal cytoplasmic stain-
ing for low-molecular-weight cytokeratin (CAM 
5.2) has been reported, and GPC3  positivity has 
been shown to have intense granular staining in its 
large-cell component, as well as membranous pos-
itivity in the intermediate cells [238]. Variable and 
contradictory results are also obtained with neu-
ron-specific enolase (NSE) which normally stains 
normal spermatogonia [328, 329].

VASA or DEAD/H BOX 4 (DDX4), a specific 
germline lineage marker, is expressed in migratory 
primordial germ cells in the region of the gonadal 
ridge, normal spermatogonia, spermatocytes, and 
spermatids and is negative in Leydig cells, Sertoli 
cells, stromal cells, and spermatozoa [330, 331]. 
The encoding gene DDX4 is located on the chro-
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mosomal region 5q11.2 and encodes a member of 
the DEAD box family of ATP-dependent RNA 
helicases which play a major role in germ cell 
development [332]. In GCT, it is expressed with a 
higher intensity in spermatocytic tumor than in 
classical seminomas despite similar mRNA levels 
[330, 331], being negative in non-seminomas.

OCT2, SSX2–4, and SAGE1 have been studied 
in 36 spermatocytic tumors, some highlighting intra-
tubular tumor. OCT2 (octamer-binding protein 2 
coded by the gene POU2F2 on chromosomal region 
19q13.2) [333] is a transcription factor known as a 
pan B marker. SSX 2–4 are part of the SSX gene 
family (synovial sarcoma X-chromosome break-
point) which are all associated with the pathogenesis 
of synovial sarcoma and are coded by their corre-
spondent SSX genes located on consecutive regions 
of the short arm of the X-chromosome [334]. 
SAGE1 is also known as sarcoma antigen 1 and is 
part of a class of tumor antigens recognized by cyto-
lytic T lymphocytes expressed in tumors of different 
histologic types but not in normal tissues, except for 
spermatogenic cells and placenta [335]. It is encoded 
by the gene with the same name also located on the 
X-chromosome region q26.3 [335]. In spermato-
cytic tumor, the three markers failed to demonstrate 
an acceptable diagnostic sensitivity [336, 337].

Chk2 (a checkpoint kinase protein that is acti-
vated in response to DNA damage), involved in cell 
cycle arrest and encoded by a gene on the 22q12.1 
chromosomal region, is recognized as a multiorgan 
cancer susceptibility gene [338]. MAGE-A4 is a 

member of the same family of VASA and SAGE1 
proteins and is encoded by a gene on Xq28 chromo-
somal region [339]. These two markers are 
expressed by the gonocytes and spermatogonia and 
consistently by spermatocytic tumor [328].

p53 was expressed by 80 % of the cells in one 
study [328]; however, others have detected the 
protein only in a sarcomatous component, a phe-
nomenon associated with less than 1 % of sper-
matocytic tumors, and correlated with tumor 
elevated apoptotic activity [340].

NY-ESO-1 (New York esophageal squamous 
cell carcinoma 1 or cancer/testis antigen 1 
(CTAG1)) is encoded by the gene CTAG1B on 
Xq28 chromosomal region [341]. NY-ESO-1 is 
positive in 50 % of spermatocytic tumors, 13 % of 
classical seminomas, and 5 % of solid YST. Its sen-
sitivity and specificity for the spermatocytic tumor 
diagnosis is about 82 % and 94 %, respectively. 
Neither the sarcomatous component of spermato-
cytic tumors nor any EC show reactivity with this 
antibody [342]. Similar results have been obtained 
with NUT (nuclear protein in testis) and GAGE7 
(another cancer/testis related antigen) [342].

Desmin, other than its staining in any corre-
spondent sarcomatous elements, produces a dot- 
like staining in some cases of spermatocytic 
seminoma [20]. (Fig. 4.19b). DMRT1 has been 
shown to be a immunohistochemically detect-
able, useful marker for diagnosing spermatocytic 
tumor (for a complete description of markers of 
spermatocytic tumor see Chap. 3).

a b

Fig. 4.19 Spermatocytic tumor. (a) High membrane expression of CD117 in all cell types. (b) Perinuclear, dot-like 
desmin stain
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Management of Germ Cell Tumors

Manish Kohli, Ben Y. Zhang, and Brian A. Costello

5.1  Introduction

Germ cell tumors are one of the few solid tumors 
in which long-term cure has been achieved in an 
overwhelming proportion of patients, even when 
the initial presenting occurs with widespread 
metastasis. Testicular germ cell tumors form the 
bulk of all germ cell tumors with 95 % of tumors 
originating in the testis being germ cell tumors. 
Fewer than 10 % of germ cell tumors arise from 
extra-gonadal primary sites with the most com-
mon sites being mediastinum and retroperito-
neum in both males and females. In females, 
additionally ovarian-based germ cell tumors are 
observed. In 2015, the estimated new cases in the 
USA of by far the most common type of germ 
cell tumor, testicular germ cell tumors, were 8430 
with an estimated death of 380 cases [1]. Over 
the past four decades, the cure rates for this can-
cer have dramatically increased from 65 % dur-
ing the 1970s [2] to greater than 95 % 5-year 
disease-free survival [3] by using either single or 

integrating combined modality treatments which 
include surgery, radiation, and/or chemotherapy. 
This makes testicular germ cell tumors a role 
model tumor type to follow. The two outstanding 
reasons for this success have been the availability 
of effective treatment interventions and the value 
of integrating highly sensitive and specific tumor 
markers in the diagnosis, staging, monitoring, 
and management of germ cell tumors. This chap-
ter will summarize the management of germ cell 
tumors, with an overwhelming emphasis on the 
management of testicular germ cell tumors since 
it is clinically the most frequent observed and 
treated type of germ cell tumor.

5.2  Clinical Presentations 
of Testicular Germ Cell 
Tumors

The initial presentation of most testicular germ 
cell tumors is with a nodule or swelling of one 
testicle accompanied with heaviness and discom-
fort with or without a dragging sensation in the 
lower abdomen. The median age for testicular 
germ cell tumors is between 15 and 35 years of 
age. Occasionally patients may also present with 
symptoms of orchitis or epididymo-orchitis 
which are accompanied with acute and abrupt 
episode of pain with or without accompanied 
swelling. Symptoms of metastatic disease on ini-
tial presentation can include a growing lump in 
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the left neck region, cough and shortness of 
breathing, loss of weight and appetite, neurologi-
cal symptoms similar to stroke or peripheral neu-
ropathies, recent onset of breast tenderness and 
gynecomastia, or bone pains [4]. Examinations 
of a testicular swelling with these symptoms 
raise the suspicion of testicular cancer prompting 
appropriate further work-up.

General physical examination of suspicious tes-
ticular no-fluid-filled swelling followed by diag-
nostic scrotal ultrasound evaluation can diagnose 
with a high degree of accuracy malignant from 
nonmalignant testicular tumors. Ultrasonography-
based findings for seminomas may include 
hypoechoic masses without cystic areas, while 
non-seminoma ultrasound findings can include 
inhomogeneous masses with cystic areas, calcifica-
tions, and masses with indistinct margins. Such 
findings are followed by measuring blood-based 
germ cell tumor-specific markers including alpha-
fetoprotein (AFP), beta-human chorionic gonado-
tropin (β-hCG), and imaging scans including a 
high-resolution computed tomography (CT) scan 
of the abdomen and pelvis [3]. Based on test results 
that suggest a germ cell tumor, a unilateral radical 
inguinal orchiectomy should be entertained, as an 
orchiectomy provides histological confirmation, 
accurate pathological subtyping, and staging of 
tumor apart from local control and riddance of 
potential sanctuary sites.

5.3  Pathology of Testicular 
Germ Cell Tumor

The orchiectomy specimen provides the histo-
logical classification and immunohistochemistry 
characteristics based on which testicular germ 
cell tumors are divided into seminoma and non- 
seminoma. Seminomas are further classified as 
seminoma and seminoma with syncytiotropho-
blastic cells. Spermatocytic tumor is a rare cate-
gory of GCT [5] that typically present in the 
seventh decade of life in males and are typically 
treated with surgical resection alone. Rarely sper-
matocytic tumors can present with sarcoma as 
well on initial presentations which carries a 
poorer prognosis.

Non-seminomatous testicular germ cell 
tumors include embryonal carcinoma, teratoma, 
trophoblastic (choriocarcinoma), yolk sac 
tumors, and mixed germ cell tumors. Both semi-
noma and non-seminoma represent nearly 50 % 
each of all testicular germ cell tumors at initial 
presentation, but with the non-seminomas which 
are generally faster-growing tumors than semi-
noma, it is more likely that initial presentations 
occur in more advanced stages compared to sem-
inomas which present more frequently with 
localized stage disease. In fact 80 % of all semi-
nomas present in the localized stages, while 
greater than 50 % of non-seminomas present 
with advanced stage disease.

Pathological classification of the tumor specimen 
for lympho-vascular invasion (LVI) is a key initial 
staging feature that has impact on subsequent man-
agement strategies. Accurate initial staging includes 
work-up based on integrating clinical, pathological, 
and radiographic features; based on the tumor extent 
(T), as assessed by pathology, and lymph nodal (N) 
and metastatic involvement (M), as assessed by CT 
scan of the abdomen and pelvis and radiography of 
the chest or other parts of the body; and based on the 
pre-orchiectomy symptoms and signs in each patient 
and post orchiectomy serum tumor marker levels. 
Additional scans such as magnetic resonance imag-
ing (MRI) scans of the testes are performed not rou-
tinely but as needed for clarifying the initial work-up. 
The TNM staging system developed by the 
American Joint Committee on Cancer (AJCC) and 
the International Union Against Cancer (UICC) 
applies to all germ cell tumor staging. It is the only 
staging system in solid tumors which has formally 
incorporated levels of tumor- specific serum (S) 
markers into TNM staging. For testicular germ cell 
tumors, the marker levels are measured after an 
orchiectomy (Table 5.1). The post-orchiectomy 
level of the serum markers, AFP, β-HCG, and LDH, 
is graded between S0 and S3 and then taken together 
with TNM stage to form a final composite tumor 
stage (Tables 5.1 and 5.2). Assessing the risk for 
relapse and future prognosis has been extremely 
well categorized in the past four decades and is also 
stage dependent. In 1997, a consensus was reached 
on a uniform and validated prognostic model by the 
International Germ Cell Cancer Collaborative Group 
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Table 5.1 Staging for testicular germ cell tumors

Taken from the American Cancer Society Website: http://www.cancer.org/cancer/testicularcancer/detailedguide/
testicular-cancer-staging

The TNM staging system
A staging system is a standard way for your cancer care team to sum up the extent of your cancer. Testicular cancer 
is staged using the TNM system created by the American Joint Committee on Cancer (AJCC). It’s based on four 
key pieces of information:

  T refers to how much the main (primary) tumor has spread to tissues next to the testicle

  N describes how much the cancer has spread to regional (nearby) lymph nodes

  M indicates whether the cancer has metastasized (spread to distant lymph nodes or other organs of the body)

  S indicates the serum (blood) levels of tumor markers that are made by some testicular cancers

Letters or numbers appear after T, N, M, and S to provide more details about each piece of information. The 
numbers 0 through 4 indicate increasing severity. The letters “IS” after the T stand for in situ, which means the 
tumor is contained in one place and has not yet penetrated to a deeper layer of tissue. The letter X after T, N, M, or 
S means “cannot be assessed” because the information is not known

Primary tumor (T)
TX: The primary tumor cannot be assessed

T0: There is no evidence of primary tumor

Tis: Carcinoma in situ (noninvasive cancer cells)

T1: The tumor has not spread beyond the testicle and epididymis (the tubes next to the testicles where sperm 
mature). The cancer has not reached nearby blood vessels or lymph vessels. The cancer might have grown through 
the inner layer surrounding the testicle (tunica albuginea), but it has not reached the outer layer covering the testicle 
(tunica vaginalis)

T2: Similar to T1 except that the cancer has spread to blood or lymph vessels near the tumor or the tunica vaginalis

T3: The tumor is growing into the spermatic cord (which contains blood vessels, lymph vessels, nerves, and the vas 
deferens)

T4: The tumor is growing into the skin surrounding the testicles (scrotum)

Regional lymph nodes (N)
NX: Regional (nearby) lymph nodes cannot be assessed

N0: No spread to regional lymph nodes is seen on imaging tests

N1: The cancer has spread to at least one lymph node, but no lymph node is larger than 2 cm (about ¾ inch) across

N2: The cancer has spread to at least one lymph node that is larger than 2 cm but is not bigger than 5 cm (2 inches) 
across

N3: The cancer has spread to at least one lymph node that is larger than 5 cm across

If the lymph nodes were taken out during surgery, there is a slightly different classification:

pNX: Regional (nearby) lymph nodes cannot be assessed

pN0: Examination of regional lymph nodes removed with surgery reveals no cancer spread

pN1: Examination of regional lymph nodes removed with surgery reveals cancer spread in one to five lymph nodes, 
but no lymph node is larger than 2 cm (about ¾ inch) across

pN2: Examination of regional lymph nodes removed with surgery reveals cancer spread in at least one lymph node 
that is bigger than 2 cm but not larger than 5 cm across or spread to more than five lymph nodes that aren’t bigger 
than 5 cm, or the cancer is growing out the side of a lymph node

pN3: Examination of regional lymph nodes removed with surgery reveals cancer spread in at least one lymph node 
that is bigger than 5 cm across

Distant metastasis (M)
M0: There is no distant metastasis (no spread to lymph nodes outside the area of the tumor or other organs, such as 
the lungs)

M1: Distant metastasis is present

  M1a: The tumor has metastasized to distant lymph nodes or to the lung

  M1b: The tumor has metastasized to other organs, such as the liver, brain, or bone

(continued)
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(IGCCCG) [6] which is based on this TNM staging 
and forms the current basis for prognostication 
(Table 5.3) and also for defining definitive treatment 
strategies based on prognosis. Table 5.2 highlights 
the 5-year prognosis of good, intermediate, and poor 
prognosis categories.

This initial approach sets the stage for further 
treatment decisions that can range from surveil-
lance to combination treatments in patients pre-
senting with localized stage disease based on 
prognosis and regardless of pathological subtype.

Apart from using a pathological classification 
for testicular germ cell tumors, they can also be 

classified on anatomical location as gonadal and 
extra-gonadal in origin. The vast majority of 
germ cell tumors are of gonadal origin. In gen-
eral, extra-gonadal germ cell tumors carry a 
poorer prognosis. In order to diagnose suspected 
extra-gonadal germ cell tumors, it is necessary to 
perform a biopsy of a presenting mediastinal or 
retroperitoneal or pelvic area mass for 
 establishing a histological diagnosis and not an 
orchiectomy. In such presentations, additional 
serum tumor markers are also evaluated in aid-
ing the initial evaluation of suspected extra-
gonadal germ cell tumors.

Table 5.1 (continued)

Serum tumor markers (S)
For staging, serum (blood) levels of tumor markers are measured after the testicle containing the cancer has been 
removed with surgery

LDH (U/l) HCG (mIU/ml) AFP (ng/ml)
SX Marker studies not available or not done

S0 Normal Normal Normal

S1* <1.5 × Normal <5000 <1000

S2+ 1.5–10 × Normal 5000–50,000 1000–10,000

S3+ >10 × Normal >50,000 >10,000

Stage grouping
Once the T, N, M, and S categories have been determined, they are combined in a process called stage grouping to 
assign an overall stage (using Roman numerals and letters)

Stage T N M S
Stage 0 Tis (in situ) N0 M0 S0

Stage I T1–T4 N0 M0 SX

Stage IA T1 N0 M0 S0

Stage IB T2–T4 N0 M0 S0

Stage IS Any T N0 M0 S1–S3

Stage II Any T N1–N3 M0 SX

Stage IIA Any T N1 M0 S0–S1

Stage IIB Any T N2 M0 S0–S1

Stage IIC Any T N3 M0 S0–S1

Stage III Any T Any N M1 SX

Stage IIIA Any T Any N M1a S0–S1

Stage IIIB Any T N1–N3 M0 S2

Any T Any N M1a S2

Stage IIIC Any T N1–N3 M0 S3

Any T Any N M1a S3

Any T Any N M1b Any S

Note: Normal values vary among laboratories
LDH lactate dehydrogenase (measured in units per liter [U/l]), HCG human chorionic gonadotropin (measured in milli- 
international units per milliliter [mIU/ml]), AFP alpha-fetoprotein (measured in nanograms per milliliter [ng/ml]), < 
means less than, > means more than, * all the markers must be in the stated range to be considered S1, + only one marker 
needs to be in the stated range to be considered S2 or S3
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5.4  Serum Tumor Markers 
in Germ Cell Cancers

As mentioned, serum alpha-fetoprotein (AFP), 
beta-human chorionic gonadotropin (β-hCG), 
and lactate dehydrogenase (LDH) play an 
important role in the diagnosis, prognosis, and 

follow- up assessment of patients in germ cell 
cancers [7, 8]. The interpretation of tumor 
marker levels in germ cell cancer management 
[9] has been refined for clinical application 
based on the results of multiple randomized 
clinical trials and will be discussed further in 
this section.

Table 5.2 Survival rates per clinical staging in Testicular germ cell tumors

The SEER database does not divide survival rates by AJCC TNM stage. Instead, it divides cancers into summary 
stages: localized, regional, and distant

  Localized means that the cancer is still only in the testicle. This includes most AJCC stage I tumors (stage 0 
cancers are not included in these statistics)

  Regional means that the cancer has spread to nearby lymph nodes or tissues. This includes T4 tumors and 
cancers with lymph node spread (all stage II cancers and some stage IIIB and IIIC cancers)

  Distant means that the cancer has spread to organs or lymph nodes away from the tumor, such as all M1 cancers 
(which can be stage IIIA, IIIB, or IIIC)

Stage 5-year relative survival rate
Localized 99 %

Regional 96 %

Distant 73 %

Taken from the American Cancer Society Website: http://www.cancer.org/cancer/testicularcancer/detailedguide/
testicular-cancer-staging

Table 5.3 IGCCCG prognostic classification of germ cell tumors

Non-seminoma Seminoma

Good risk
Location of primary tumor Testis/retroperitoneal primary AND Any AND

Non-pulmonary visceral mets No AND No AND

AFP (ng/mL) <1000 AND Normal AND

β-hCG (IU/L) <5000 AND Any AND

LDH (N × upper limit of 
normal)

< 1.5 Any

Intermediate risk
Location of primary tumor Testis/retroperitoneal primary AND Any AND

Non-pulmonary visceral mets No AND Yes AND

AFP (ng/mL) ≥ 1000, ≤10,000 OR Normal AND

β-hCG (IU/L) ≥ 5000, ≤50,000 OR Any AND

LDH (N × upper limit of 
normal)

≥ 1.5, ≤10 Any

Poor risk
Location of primary tumor Mediastinal primary OR N/A

Non-pulmonary visceral mets Yes OR

AFP (ng/mL) >10,000 OR

β-hCG (IU/L) >50,000 OR

LDH (N × upper limit of 
normal)

> 10
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5.5  Alpha-Fetoprotein (AFP)

AFP is normally produced by the fetal yolk sac 
and therefore is essentially undetectable in nor-
mal adult males (normal levels in males 10–15 
μg/l). As a tumor marker in germ cell cancers, it 
is observed to be elevated in yolk sac testicular 
tumors and embryonal carcinoma. Seminoma 
cells do not produce AFP, and therefore by defi-
nition, patients with germ cell tumors presenting 
with elevated AFP levels are treated as non- 
seminomatous germ cell tumors [9, 10].

In non-seminomas, elevated AFP levels can 
vary with stage of presentation as it is increased 
in 10–20 % with stage I disease, 20–40 % with 
low-volume stage II disease, and 40–60 % with 
advanced disseminated disease. The half-life of 
AFP is approximately 5–7 days [9], and, there-
fore, serum AFP should normalize 25–35 days 
(five half-lives) following effective treatment for 
a non-seminoma [9, 11, 12]. Failure to normalize 
can raise the suspicion of inadequately treated or 
ineffectively treated disease. There can be mis-
leading false-positive reasons for elevated AFP 
levels in males. Benign liver conditions such as 
hepatitis, fatty liver disease, hepatocellular carci-
noma, and other gastrointestinal malignancies 
can produce an elevation in AFP, and these should 
be kept in mind especially after patients have 
undergone localized or systemic treatments. In 
addition, tumor lysis during early chemotherapy 
could also produce a falsely positive result [9].

5.6  Beta-Human Chorionic 
Gonadotropin (β-hCG)

β-hCG is a common serum tumor marker for 
germ cell cancers. The serum concentration of 
β-hCG is elevated in approximately 15–20 % of 
patients with advanced pure testicular seminoma. 
In addition, 10–20 % of stage I, 20–30 % of low- 
volume stage II, and 40 % of advanced dissemi-
nated testicular non-seminomas present with an 
elevated serum β-hCG [9, 12]. The biologic half- 
life of β-hCG is approximately 1.5–3 days [9]. 
Therefore, during monitoring of treatment effect, 
serum β-hCG should normalize 1–2 weeks fol-

lowing effective treatment for a β-hCG-producing 
testicular cancer [9].

As with AFP, there can be false-positive rea-
sons for elevated β-hCG levels other than germ 
cell tumors including in one report with the use 
of marijuana [13]. Other malignancies including 
neuroendocrine tumors, non-germ cell genitouri-
nary cancers, lung cancer, and cancers of the 
female genital tract are also occasionally associ-
ated with elevated β-hCG levels. In addition, 
hypogonadism can also cause increased produc-
tion of LH and hCG by the pituitary gland via the 
pituitary–gonadal axis feedback mechanism, thus 
leading to a falsely elevated serum β-hCG. Of 
note, this scenario could be observed after pri-
mary treatment of testicular cancer such as orchi-
ectomy. Similar to the tumor lysis effect on AFP, 
β-hCG could also be falsely elevated during the 
first cycle of chemotherapy [9].

5.7  Lactate Dehydrogenase 
(LDH)

Approximately 40–60 % of patients with testicu-
lar cancer have an elevated serum LDH [8, 9]. As 
a germ cell marker and specifically testicular 
germ cell marker, LDH is less sensitive and spe-
cific than AFP and β-hCG, in diagnosis, and dur-
ing monitoring of treatment effect or following 
the completion of therapy, although sometimes it 
may be the only positive tumor marker associated 
with a seminoma presentation.

5.8  Use of Tumor Markers 
in Testicular Germ Cell 
Tumors

5.8.1  As Diagnostic Markers

AFP, β-hCG, and LDH checked prior to orchiec-
tomy for all patients with suspected testicular 
germ cell cancer help in establishing a diagnosis 
and for proceeding to performing an orchiectomy. 
These markers should be repeated after orchiec-
tomy as the expected outcome postsurgery is for 
markers to decrease and normalize. Since not all 
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patients with seminomatous and non-seminoma-
tous germ cell tumors actually present with ele-
vated tumor markers, these markers are not taken 
alone to determine the need for a diagnostic 
orchiectomy.

In rare circumstances, when a reproductive 
age male patient presents with a primary testicu-
lar tumor with symptomatic widespread metasta-
ses, along with a markedly elevated or rapidly 
increasing AFP and/or β-hCG, these markers’ 
levels aid in starting chemotherapy empirically in 
the absence of a diagnostic orchiectomy as it 
avoids delay of treatments.

5.8.2  As Prognostic Markers

As mentioned before, the International Germ 
Cell Consensus Classification (IGCCCG) prog-
nostic classification is used universally and is 
integral in the practice of germ cell tumor man-
agement. This was developed in 1997 after a 
long-term follow-up of 660 patients with pure 
seminoma and 5202 patients with non-seminoma. 
The IGCCCG created clinically based prognostic 
classification system based on post-orchiectomy 
serum tumor marker levels, the site of primary 
tumor, and the presence or absence of non- 
pulmonary visceral metastases (Table 5.1) [6] .

Patients with good-, intermediate-, and poor- 
risk non-seminomatous germ cell tumors were 
shown to have 5-year survivals of 92 %, 80 %, 
and 48 %, respectively. In comparison, patients 
with good-risk and intermediate-risk seminoma-
tous germ cell tumors had 5-year survivals of 
86 % and 72 %, respectively [6].

5.8.3  For Disease Monitoring 
and Follow-Up

Serum tumor markers are used to monitor 
response following surgical resection and radia-
tion therapy, as well as after each cycle of sys-
temic chemotherapy. Tumor marker levels that 
either do not return to normal range or initially 
return to baseline but subsequently become ele-
vated indicate residual or relapsed disease. Early 

detection of relapsed disease allows prompt ini-
tiation of salvage therapy.

For patients with stage I and II non-seminoma, 
post-orchiectomy serum tumor marker levels are 
crucial in determining the next treatment step. 
Patients with persistently elevated tumor markers 
have a high risk of relapse and therefore undergo 
systemic chemotherapy as their primary treat-
ment [14–16]. For patients with normal post- 
orchiectomy serum tumor markers, those with 
stage IIA disease are considered for either sys-
temic chemotherapy or retroperitoneal lymphad-
enectomy (RPLND). On the other hand, patients 
with stage IIB disease and normal post- 
orchiectomy tumor markers are offered chemo-
therapy followed by RPLND or surveillance if 
the sites of metastatic disease are not confined to 
the lymphatic drainage in the retroperitoneum 
[14].

After stage-specific treatments, tumor mark-
ers are also used for assessing the risk of recur-
rence, which is much higher in the first 2–3 years. 
Relapsed disease after 5 years is infrequent [17, 
18]. Therefore, the National Comprehensive 
Cancer Network (NCCN) recommends an inten-
sive early surveillance schedule including moni-
toring tumor markers every 3 months in the first 
1–2 years. The frequency of surveillance typi-
cally becomes spaced out to every 6–12 months 
in years 3–5 and annually in years 5–10 [14].

5.9  Principles for the Treatment 
of Testicular Seminoma 
and Non-seminomatous 
Tumors

Following the clinical presentation, radiological 
and tumor marker evaluation of a testicular mass, 
the first intervention for a testicular cancer begins 
with a radical orchiectomy. This provides patho-
logical staging and confirmation of histological 
subtypes. In rare cases a delayed radical orchiec-
tomy is reserved in those advanced stage patients 
who are in need of immediate systemic therapy 
for rapidly growing tumors diagnosed as testicu-
lar germ cell tumors based on results of a meta-
static site biopsy. Fertility and sperm banking 
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using cryopreservation prior to initiating any 
treatment for germ cell tumors are also discussed 
during the initial treatment planning, as testicular 
cancers are associated with gonadal dysgenesis 
and nearly 50 % of men have impaired 
 spermatogenesis [19–21] which increases after 
orchiectomy or other treatments [22].

In general, seminomatous testicular tumors 
differ from non-seminomas in several ways. 
Seminomas are slower growing than non- 
seminomas and present more often initially in 
either localized or locoregional stages with only 
5 % presenting in advanced stages with spread 
beyond retroperitoneal lymph nodes. Non- 
seminomatous germ cell tumors are in compari-
son faster to grow, and on initial presentation, 
nearly 33 % of all non-seminomatous testicular 
tumors present with stages I, II, and III. Seminomas 
are extremely radiosensitive compared to non-
seminomas and therefore radiation therapy is a 
part of the treatment preamble for seminomas. 
Seminomas rarely spread hematogenously com-
pared to non-seminomas, which is known to occur 
more commonly with non- seminomas (pulmo-
nary, liver, brain, and bones), and so advanced 
stage seminomas are never considered to have 
poor prognosis as defined by the IGCCCG prog-
nostic stratification system in use. Stage- and 
pathology-specific treatment guidelines have 
been well established [23] and are summarized in 
the following sections.

5.10  Management of Seminomas

5.10.1  Stage I

For stage I testicular seminomas, a radical orchi-
ectomy is usually curative. Afterwards, the pre-
ferred management option is to offer a structured 
schedule of surveillance for at least 5 years. The 
surveillance schedule suggested includes a his-
tory and physical examination along with tumor 
marker measurements every 3–4 months for 
2 years, 6–12 months for years 3–4, and then 
annually. Additionally imaging scans of the 
abdomen and pelvis are recommended every 
6 months for the first 2 years, every 6–12 months 
for year 3, and then annually for years 4 and 5 

along with a chest X-ray as needed for years 1–5 
[23]. In the largest series of 1954 men who under-
went a surveillance strategy for stage I semino-
mas, relapse was observed in 369 (18.9 %) 
patients after a median time of 13.7 months 
(range, 2.3–173.6 months) [24]. Of the 369 
patients who relapsed, 16 relapsed after a 5-year 
follow-up. At the time of relapse, over 230 of 369 
patients were salvaged with radiation therapy, 
while 136 underwent systemic chemotherapy, 
and three underwent surgery for the relapse. The 
overall survival after 5, 10, and 15 years for this 
cohort was 98.1 %, 95.5 %, and 91.6 %, respec-
tively, and the disease-specific survival at 5, 10, 
and 15 years was 99.6 %, 99.4 %, and 99.3 %, 
respectively.

For men who are unable to comply or refuse 
surveillance as a management option or may har-
bor higher-risk features, such as lympho-vascular 
invasion, post-orchiectomy radiation or systemic 
chemotherapy with one or two cycles of carbo-
platin offers similar excellent long-term out-
comes [25].

The choice to offer an individual patient any 
of the three options involves balancing the risk–
benefit profile for the individual patient [23]. A 
shared decision with the patient is taken after 
explaining the pros and cons of each option. 
Typically, this involves highlighting the risk of 
overtreatment if systemic chemotherapy or radia-
tion is chosen by way of acute and long-term tox-
icities over surveillance for stage I seminoma 
patients, as the vast majority of patients will not 
need treatments. This is balanced by including in 
the discussion the risk of relapse for stage I semi-
noma post-orchiectomy and the excellent salvage 
options available at the time of relapse.

5.10.2  Stage II

By definition, stage II disease involves lymph-
adenopathy below the diaphragm. Following 
orchiectomy and resolution of tumor markers, a 
radiological evaluation for bulky (>5 cm) versus 
non-bulky retroperitoneal lymphadenopathy is 
usually performed for deciding the optimal man-
agement of stage II disease. Non-bulky stage II 
disease patients have excellent long-term 
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outcomes with radiation therapy alone, which 
includes radiation fields extended to para-aortic 
and ipsilateral lymph nodes to a total dose of 
30–36 Gy. On the other hand for treating stage II 
bulky retroperitoneal lymphadenopathy or 
patients with symptomatic (such as back pain) 
non-bulky retroperitoneal lymphadenopathy, pri-
mary chemotherapy with four cycles of cisplatin 
and etoposide or three cycles of cisplatin, etopo-
side, and bleomycin is preferred. Post treatment, 
patients are again followed every 3 months in 
year 1 with examination, tumor markers, and 
biannual CT imaging of the abdomen and pelvis. 
In years 2–5 follow-up for recurrence is every 
6 months and then annually for years 6–10.

5.10.3  Stage III/Advanced Stage

Patients with advanced stage present with either 
lymphadenopathy above and below the dia-
phragm or meet the definition of advanced stage 
disease on the basis of non-pulmonary visceral 
metastasis or persistently elevated tumor mark-
ers. The approach to treatment planning starts 
with an initial evaluation for prognostic risk 
based on the IGCCCG risk stratification system 
(Table 5.3). By definition no seminomas are 
graded as “poor prognosis” and so stage III dis-
ease is either “good” prognosis or “intermediate” 
prognosis. This relevance for prognostication is 
important to establish as it has a direct impact on 
treatment planning. Seminomas with good prog-
nosis receive systemic chemotherapy with either 
four treatments of cisplatin and etoposide or three 
of cisplatin, etoposide, and bleomycin, while 
intermediate-risk seminomas receive four treat-
ments with cisplatin, etoposide, and bleomycin.

Posttreatment management for bulky stage II 
and advanced stage (III) seminoma treated with 
systemic chemotherapy is complex and depends 
on the response to chemotherapy [23]. 
Immediately following systemic therapy, patients 
should undergo imaging with CT scans of the 
chest, abdomen, and pelvis along with tumor 
markers. If there are no residual masses, or for 
residual masses less than 3 cm in size and normal 
tumor marker levels, patients are offered surveil-
lance with exams, tumor markers, and a chest 

X-ray every 2 months in year 1, every 3 months 
in year 2, every 6 months in year 3, and then 
annually. CT of the abdomen and pelvis should 
be performed 3–6 months in the first 2 years and 
then as clinically indicated thereafter. If post- 
chemotherapy residual masses on imaging reveal 
a size greater than 3 cm and normal markers, a 
positron emission tomography (PET) scan is 
obtained, at least 6 weeks following treatments. 
If results of the scan are positive for uptake (con-
sidered to have a standardized uptake value 
(SUV) of >4.0 units), then a surgical resection of 
the mass (or lymph-nodal mass) is considered, or 
second-line systemic chemotherapy may be 
advocated if resection is considered to be risky. If 
the PET scan is negative, then patients are fol-
lowed up as for no residual masses after chemo-
therapy as most of these masses resolve over 
time. Finally, if after completing chemotherapy, 
imaging reveals progressive disease or rising 
tumor markers, then second-line systemic che-
motherapy is considered. The overall 5-year sur-
vival with the above management for patients 
with good-risk stage III seminomas is 92 and 
72 % for the intermediate-risk group.

In addition to monitoring for treatment effects, 
long-term side effects of systemic chemotherapy 
are also monitored in the follow-up. In particular 
bleomycin [26, 27] can have long-term side 
effects in causing pulmonary toxicity and periph-
eral vascular disease, while cisplatin can increase 
the risk of nerve damage and renal insufficiency 
[28]. As mentioned previously, gonadal effects of 
treatments can lead to infertility in young men, 
and this potential complication of therapy can be 
mitigated by offering cryopreservation to men 
before initiating therapy.

5.11  Management 
of Non-seminomas

5.11.1  Stage 1

The rate of cure for non-seminoma testicular 
germ cell tumors like seminoma depends on the 
stage and prognosis at the time of initial presenta-
tion. For stage I disease patients, the 5-year sur-
vival exceeds 95 % with appropriate management 
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[3, 23]. Treatment planning begins following 
orchiectomy, and after obtaining pathological 
“T” staging, depending on the presence or 
absence of lympho-vascular invasion (LVI) for 
staging T1 versus T2 tumors. The absence of LVI 
with no radiological evidence of pelvic, abdomi-
nal, or distant metastasis (clinical stage IA) car-
ries the most favorable prognosis. Such patients 
are excellent candidates for a strategy of surveil-
lance as was observed in one large retrospective 
case series of 1139 clinical stage I (CSI) non- 
seminoma patients who were offered and fol-
lowed with active surveillance between 1998 and 
2010. Relapse was observed in 221 (19 %) with a 
median time to relapse of 4 months (range, 
2–61 months) for LVI positive (CSIB) and 
8 months (range, 2–77 months) for LVI negative 
(CSIA). The majority of relapses occurred within 
the first 2–3 years after orchiectomy for CSI non- 
seminoma (90 %) [29]. Active surveillance 
involves strict adherence to a structured follow-
 up schedule that involves repeat examinations 
with tumor marker measurements every 1–2 
months in year one (after orchiectomy), every 2 
months in year two, 3 months in year three, 4 
months in year four, 6 months in year five, and 
then annually. Additionally imaging with CT 
abdomen and pelvis is performed every 3–4 
months in year one, 4–6 months in year 2, 
6–12 months in years 3–5, and then annually.

For those patients who are either unable to fol-
low this schedule, nerve-sparing retroperitoneal 
lymphadenopathy (RPLND) for CSI or primary 
chemotherapy with one to two treatment cycles 
of cisplatin, etoposide, and bleomycin is offered 
as an option which produces excellent outcomes. 
RPLND dissection is both diagnostic to stage 
microscopic pathological nodal involvement and 
performed with curative intent. However, these 
options can have complications such as retro-
grade ejaculation and infertility with RPLND, or 
long-term complications of systemic chemother-
apy. An individual assessment of risk–benefit 
ratio has to be made while offering any of the 
three choices, all of which have excellent long- 
term survival results.

A specific substage classified in CSI is CSIS, 
which stands for persistent tumor marker(s) ele-

vation post-orchiectomy. Such patients are best 
treated with three to four treatment cycles of sys-
temic chemotherapy as they usually harbor dis-
ease outside the retroperitoneum.

5.11.2  Stage II

Imaging of retroperitoneal lymph nodes in 
patients presenting with stage IIA disease is by 
definition less than 2 cm and between 2 and 5 cm 
for stage IIB. CSIIA patients with normalized 
post-orchiectomy tumor markers are best treated 
with nerve-sparing RPLND which confirms path-
ological nodal involvement. Following a RPLND 
adjuvant systemic chemotherapy is typically 
reserved for men if the pathological nodal 
involvement is detected to be greater than 2 cm as 
the relapse risk is highest for this category. For 
clinical stage IIB and IIC (lymph node size 
greater than 5 cm), primary systemic chemother-
apy with either four treatments of cisplatin and 
etoposide or three of cisplatin, etoposide, and 
bleomycin is offered.

For all stage II patients treated with primary 
systemic chemotherapy, posttreatment tumor 
markers and imaging are performed 3–4 weeks 
after the last treatment. Negative markers with 
resolution of lymph nodal masses are typically 
followed with surveillance, while if markers have 
normalized, but imaging reveals remnant nodal 
masses, a RPLND is offered in such cases. If 
markers have not normalized, such carry a poor 
prognosis and are generally offered salvage che-
motherapy with ifosfamide- and taxane-based 
regimens.

5.11.3  Stage III

Advanced or stage III disease is treated with 
primary systemic chemotherapy following 
orchiectomy and tumor marker and radio-
graphic imaging. The number of treatments is 
based on the results of these investigations and 
the final prognostic category. Good prognosis 
advanced stage disease is treated with either 
four treatments of cisplatin and etoposide or 
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three of cisplatin, etoposide, and bleomycin, 
while intermediate to poor prognosis is treated 
with four treatments of cisplatin, etoposide, and 
bleomycin. Between 20 and 25 % of patients 
with advanced germ cell tumors present with 
hepatic, bone, or brain metastases or with medi-
astinal masses or with extremely high tumor 
markers. The success of cure in such poor prog-
nosis is low.

After completion of primary systemic chemo-
therapy for patients with complete response sur-
veillance with examination, tumor marker and 
radiographic assessments are used to guide fur-
ther management. Patients with normalized 
tumor markers who have radiographic residual 
disease undergo resection. The presence of 
necrotic debris or teratoma requires no further 
treatments. However, if viable germ cell tumor is 
detected pathologically, in order to maximize the 
rate of cure, additional two cycles of systemic 
chemotherapy are offered. Further follow-up 
should include history and examination with 
tumor markers every 2–3 months for the first 2 
years, every 3–6 months in year 3, every 6 months 
in years 4 and 5, and then annually. Radiography 
with CT imaging of the abdomen and pelvis with 
chest X-rays is performed every 6 months in the 
first 2 years and then annually until year 5 and as 
clinically indicated after that.

During follow-up after chemotherapy, detec-
tion of masses that appear to increase in size in 
the presence of normal tumor markers should 
raise the suspicion of a growing teratoma syn-
drome in such presentations. The treatment for 
these chemo-insensitive masses is surgical resec-
tion without chemotherapy.

5.12  Resistant of Recurrent 
Disease

For advanced stage patients who recur after pri-
mary systemic chemotherapy or who fail to show 
a complete response to therapy, second-line sys-
temic chemotherapy with combinations of ifos-
famide, taxane, and platinum agents or 
gemcitabine is preferred as it offers a chance of 
cure in at least 25 % of such cases [30, 31]. High- 

dose or autologous stem cell rescue is offered to 
patients who are not cured with the above combi-
nations [32–34].

5.13  Ovarian Germ Cell Tumors

Germ cell tumors may also arise from the ovary 
accounting for approximately 2–3 % of ovarian 
malignancies in distinction to the more common 
epithelial type [35, 36]. Ovarian germ cell tumors 
most commonly occur in women in their 20s. 
The WHO histological classification for ovarian 
germ cell tumors differs from testicular germ cell 
cancers [37, 38]. Broadly, ovarian germ cell 
tumors are divided into embryo-like (teratomas 
and dysgerminomas) or extraembryonic 
(placenta- like) cell populations or a mixture of 
both. Teratomas can have several subtypes 
including benign cystic mature teratoma (der-
moid cyst) which is the most common ovarian 
germ cell tumor and immature teratoma. Mature 
teratomas can also develop a somatic malignant 
neoplasm (mature teratoma with malignant 
degeneration). Dysgerminomas are the female 
equivalent to seminomas in males. On the other 
hand, yolk sac tumors are ovarian carcinomas 
that differentiate toward primitive endodermal 
structures, while the rare mixed germ cell tumors 
can have a mixture of all of the above elements. 
They are clinically treated based on the most 
aggressive histological component. Among 
malignant ovarian germ cell tumors, dysgermino-
mas, yolk sac tumors, and immature teratoma 
account for greater than 90 % of all cases. 
Embryonal carcinoma, mixed germ cell tumors, 
non-gestational choriocarcinoma, and polyem-
bryoma are far more rare in occurrence. For ovar-
ian germ cell tumors based on clinical TNM 
classification, there are four stages as opposed to 
testicular cancers, which have three. Overall, 
although there are a number of similarities 
between ovarian germ cell tumors and testicular 
cancers, there are some key differentiating fea-
tures of both which influence which treatment 
modalities are used. Both diseases share in com-
mon significant chemosensitivity of disease and, 
therefore, overall favorable prognosis.
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Approximately 60–70 % of ovarian germ cell 
tumors present in stage I when diagnosed, which 
means that cancer is found in one or both ovaries. 
Most of these are confined to a single ovary 
(stage IA disease).

Clinically, the majority of ovarian germ cell 
tumor patients present with abdominal pain and a 
palpable mass. Since many ovarian germ cell 
tumors produce hormones including β-hCG, 
symptoms of pregnancy can often be mimicked in 
the initial presentation. Other less common symp-
toms include abdominal distention, fever, urinary 
symptoms, and vaginal bleeding. When an ovar-
ian germ cell tumor is suspected, for evaluating 
these nonspecific symptoms, additional testing 
with β-hCG and AFP tumor markers is often per-
formed. β-hCG is commonly produced by embry-
onal carcinomas with trophoblastic component, 
ovarian carcinomas, mixed germ cell tumors, and 
some dysgerminomas, while elevated AFP levels 
are suspected in yolk sac tumors, embryonal car-
cinoma, mixed germ cell tumors with yolk sac 
tumor component, and some immature teratomas. 
As with testicular germ cell tumors, these markers 
aid in diagnosis and also for monitoring response 
and recurrence following treatments. Imaging 
with transvaginal ultrasound or MRI in the initial 
work-up also plays a key role.

Surgery is typically the first step in treatment for 
ovarian germ cell tumors, both for diagnosis and 
therapy [39]. Preoperative elevated levels of β-hCG 
in children, teens, or young women can indicate 
specific subtypes of germ cell tumors as mentioned 
and apart from providing diagnostic clues can also 
aid in preparing for surgery while preserving fertil-
ity. Since most of these tumors are unilateral and 
occur in young women, fertility preservation is an 
integral part in treatment planning along with the 
surgical approach which typically involves offering 
a unilateral salpingo-oophorectomy with preserva-
tion of the uterus if these organs appear normal dur-
ing surgical resection. For bilateral disease 
however, a bilateral salpingo-oophorectomy is 
done, though, in both cases, the uterus is typically 
not removed.

For patients diagnosed with stage IA dysgermi-
noma following surgery, surveillance is offered. 

Surgical principles are heavily dependent on maxi-
mal cytoreduction if disease is advanced. The 
recurrence rate is 15–20 % in early-stage presenta-
tions, and adjuvant combination chemotherapy 
postsurgery or at the time of recurrence offers a 
high chance of cure. Dysgerminomas are also very 
radiosensitive like testicular seminoma, though use 
of adjuvant radiotherapy for stage IA disease has 
fallen out of favor due to long-term side effects. For 
patients with dysgerminoma and stage greater than 
IA, combination adjuvant chemotherapy in the 
form of bleomycin, etoposide, and cisplatin (BEP) 
is given usually with three treatment cycles for 
fully resected disease and four cycles for those with 
microscopic residual disease [40]. Surveillance 
post treatment is critical and should include serial 
history, physical examinations, tumor markers, and 
radiographical surveillance to be performed for at 
least 2 years if the tumor markers were not elevated 
initially. For dysgerminomas late relapses can 
occur and annual surveillance up to 10 years is a 
clinical consideration as well.

For patients with non-dysgerminomas, typi-
cally combination chemotherapy after resection of 
disease is offered regardless of final stage. As with 
dysgerminomas, the most common regimen is 
BEP. Patients with stage IA, grade 1 immature 
teratoma which is fully resected can be observed 
without postoperative chemotherapy especially in 
the case of a motivated patient. For patients with 
immature teratoma of similar stage, but grade 2 or 
3, there is a higher risk of recurrent disease, and, 
therefore, postoperative chemotherapy is consid-
ered. All patients with non- dysgerminomas should 
receive active and serial follow-ups on nearly sim-
ilar schedules as male patients with non-semino-
matous germ cell testicular tumors.
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6.1  Introduction and General 
Considerations

In the female genital tract, germ cell tumors 
(GCT) are found mainly in the ovary, being 
merely anecdotal in other locations. They occur 
twice as often in the ovary than in the testis in 
both children and adults [1]. Most are benign 
teratomas [2]; malignant GCT are infrequent. 
Since epidemiologic data from tumor registries 
deal almost exclusively with malignant tumors, it 
is difficult to establish a general incidence for 
benign forms despite their being considered the 
most frequent cause of ovarian mass in adoles-
cents and young adults [3]. GCT are rarely con-
genital, and their incidence begins to rise during 
late infancy and early adulthood [4, 5].

As analyzed in Chap. 3, the origin of female 
genital tract GCT is far from univocal. Most 
ovarian teratomas originate from parthenogeneti-
cally activated oocytes in various stages of meio-
sis [6, 7], corresponding to type IV pluripotential 
tumors in Oosterhuis and Looijenga’s classifica-

tion, discussed in Chap. 3 and followed here. 
This is reflected in the ability to differentiate into 
practically any embryonal or adult tissue and an 
outstanding capacity of organization, reproduc-
ing complex organs such as cerebellum and con-
forming tissue relationships that may even have a 
certain axial symmetry, caricaturizing fetal 
appearances [8].

The parthenogenetic origin of ovarian type IV 
GCT is, however, different from most testicular 
and extragonadal GCT, which arise from 
totipotent- state, probably type II, primordial 
germ cells. However, the exception to this would 
be GCT in female fetuses, neonates, and infants, 
where ovarian GCT such as yolk sac tumors and 
immature teratoma probably originate from plu-
ripotent primed embryonal stem cells derived 
from germ cells prior to maternal imprinting, cor-
responding to type I tumors in the Oosterhuis and 
Looijenga’s classification. Nevertheless, distinc-
tion between parthenogenetically originated 
(type IV) and infantile type I GCT is by no means 
clear-cut.

Finally, in elderly women, GCT are found in 
association with somatic tumors of Müllerian 
nature and possibly arise from malignant stem 
cells analogous to induced pluripotential stem 
cells (iPSC) corresponding to type VI GCT.

As a consequence of their different origin, type 
IV ovarian teratomas and type I tumors rarely 
exhibit genetic markers such as 12p isochromo-
some and chromosome 12  overrepresentation [9]. 
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For this reason, although equating ovarian and 
testicular germ cell tumors is not biologically cor-
rect, their morphology and most of their diagnos-
tic immunohistochemical features are similar, the 
exception being the expression of some proteins 
in male but not in female teratomas [10]. 
Interestingly, some tumor types, such as strumal 
carcinoid, are unique to the ovary.

In the ovary, GCT are only bilateral in 5 % 
[11] and lack a familial distribution [12] with 
some rare exceptions [13, 14]. When they do 
occur in multiple members of the same family or 
in families with testicular GCT, a gene conferring 
susceptibility to GCT may exist [15].

In further contrast with testicular tumors, 
usual parthenogenetic ovarian GCT do not have a 
precursor or in situ lesion. Indeed, no parthe-
notes, similar to those found in the oocytes from 
the LT/Sv mice strain which spontaneously 
develop teratoma [16], are found in the human 
ovary. However, gonadoblastoma, a characteris-
tic tumor of disorders of sex development (DSD), 
behaves as the equivalent of the germ cell neopla-
sia in situ (GCNIS), the precursor lesion of most 
testicular tumors that is almost invariably associ-
ated with a background of gonadal Y-chromosome 
mosaicism; consequently, it should not be con-
sidered as true ovarian tissue. Indeed, tumors 
originated from gonadoblastoma are similar to 
type II testicular GCT in their histologic types 
and their relative proportions.

The WHO classification (Table 6.1) [17] of 
ovarian GCT has remained unchanged for more 
than a quarter of a century (see Chap. 1) and in 
many ways overlaps with that of older classifica-
tions of testicular tumors. It is a descriptive, his-
topathologic classification that does not take into 
account the different cellular developmental ori-
gins of GCT during different ages of life that are 
relevant to their behavior. Indeed, it does not 
include distinct bio- and clinicopathologic cate-
gories such as GCT associated with disorders of 
sex differentiation (DSD) or those originating 
from somatic neoplasms. It lists together both 
common tumors and extremely unusual lesions 
in the ovary (i.e., embryonal carcinoma, seba-
ceous tumors). Moreover, the term monodermal 
teratoma comprises a mixed bag of ectopic tissue 

lesions of debatable histogenesis that may have 
either germ- or stem cell origins. However, the 
introduction of new stem cell pluripotency anti-
bodies and genetic markers provides a new 
understanding of the identification and taxonomy 
of malignant GCT types [18] that may help their 
reclassification according to other criteria than 
mere histologic ones (see Chap. 3).

6.2  Primitive Germ Cell Tumors 
of the Ovary

Primitive GCT are defined as malignant neo-
plasms that caricaturize early embryonal devel-
opmental stages. Primitive ovarian GCT represent 
only 2 to 5 % of all ovarian cancers [20, 21], but 
they constitute the most common malignant ovar-
ian tumor in women under the age of 20 [5]. 
Recent epidemiologic data [22, 23] have demon-
strated a trimodal age distribution of malignant 
GCT in women: a high incidence peak at the end 

Table 6.1 WHO classification of germ cell tumors of the 
ovary [19]

Germ cell tumors

Dysgerminoma
Yolk sac tumor
Embryonal carcinoma
Non-gestational choriocarcinoma
Mature teratoma
Immature teratoma
Mixed germ cell tumor

Monodermal teratoma and somatic-type tumors 
arising from a dermoid cyst

Struma ovarii, benign
Struma ovarii, malignant
Carcinoid
Strumal carcinoid
Mucinous carcinoid
Neuroectodermal-type tumors
Sebaceous tumors
Sebaceous adenoma
Sebaceous carcinoma
Other rare monodermal teratomas
Carcinomas
Squamous cell carcinoma
Others

Germ cell-sex cord-stromal tumors
Gonadoblastoma, including gonadoblastoma with 
malignant germ cell tumor
Mixed germ cell-sex cord-stromal tumor, unclassified
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of the second decade of life and two of lower 
amplitude (in the immediate postmenopause and 
at age 70). These peaks are possibly related to 
different pathogeneses of ovarian GCT in each 
age group: the first one is represented by parthe-
nogenetic tumors, the second includes malignant 
degenerations of benign teratomas, and the third 
is comprised of GCT patterns originated from 
somatic tumors.

Malignant GCT represent a model of progres-
sive neoplastic differentiation from pluripotent 
stem cells where every stage of development and 
tissue is caricaturized by a well-defined tumor 
type [24]. Thus, dysgerminomas reproduce the 
morphology of primordial germ cells, embryonal 
carcinoma mimics inner mass embryonic stem 
cells, polyembryoma duplicates the trilaminar 
embryo, yolk sac tumors the primitive endoderm 
and its differentiations, choriocarcinoma the 
early placenta, and both immature and mature 
teratoma, the embryonal somatic organs. 
However, malignancy is not excluded by full dif-
ferentiation, as mature tissues may ultimately 
undergo malignant change, giving rise to a malig-
nant neoplasm within a mature teratoma (see 
Chap. 12) [25].

There are over 23 instances of malignant tes-
ticular GCT for every malignant ovarian one [22]. 
As a reflection of their different pathogeneses, the 
proportion of histologic types of germ cell tumors 
varies widely between testis and ovary. Compared 
with the testis, the ovary shows a substantially 
lower proportion of seminoma/dysgerminomas 
(2:50) and mixed GCT (33:<1) and a negligible 
presence of embryonal carcinoma compared to the 
testis, while yolk sac tumors (YST) and choriocar-
cinomas share similar proportions in each organ 
(1:1 and 0.3: <0.1, respectively) [26]. An unknown, 
but significant, proportion of malignant tumors in 
phenotypic females originates in underdiagnosed 
DSD cases with Y-chromosome mosaicism, which 
further narrows the relative number of malignant 
GCT originating from ovarian tissue.

In the ovary, the proportion of the different his-
tologic types of GCT is variable. For some [27, 
28], dysgerminoma is the more common malig-
nant GCT. However, immature teratoma seems to 
be the more frequent GCT in various statistics 

[20, 29–31]. Since parthenogenetic benign terato-
mas are the most frequent ovarian GCT, the same 
would be true for immature teratomas, some of 
which may share a similar origin.

Malignant ovarian GCT have highly aggres-
sive behavior. Before the introduction of modern 
combination chemotherapy in the 1970s and 
1980s, the prognosis for patients with malignant 
ovarian germ cell tumors was extremely poor 
[32]. In non-dysgerminomas, the survival rate for 
patients with apparent stage I disease was only 
5–20 %, and the survival for those with advanced- 
stage disease was insignificant [33]. Nowadays, 
GCT are fortunately a paradigm of tumor 
response, with a 5-year cause-specific survival of 
97 % for dysgerminoma and 92 % for non- 
dysgerminoma [34]. Adverse prognostic factors 
are represented by a stage higher than the 
International Federation of Gynecology and 
Obstetrics (FIGO) IA, the presence of metasta-
ses, and an age at diagnosis greater than 40–45 
years [34, 35]. Since malignant GCT often 
involve young females, conservative surgery with 
preservation of fertility is paramount [32]. A high 
proportion of women treated with this type of 
surgery and chemotherapy retain menstrual func-
tion and fertility [36]; this may be related to the 
extent of chemotherapy administered [37]. 
Monitoring anti-Müllerian hormone levels as a 
biomarker of gonadal function and ovarian 
oocyte reserve may be helpful [37].

Although malignant ovarian GCT incidence 
seems to be stable or decreasing in some statistics 
[20], others show an increasing trend [22] (see 
Chap. 2).

6.2.1  Dysgerminoma

This tumor of the ovary and dysgenetic gonads is 
the histologic equivalent of the more common tes-
ticular seminoma and extragonadal germinomas, 
with which it shares a high rate of 12p abnormali-
ties [38] and KIT mutations and amplifications 
[39]. Due to its frequent association to DSD, it 
was named disgerminoma (sic) in Robert Meyer’s 
1930 seminal paper on ovarian tumors and sexual-
ity [40]. Its frequency in phenotypic females is 
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less than that of teratomas and yolk sac tumors 
combined, comprising 5–10 % of malignant ovar-
ian tumors occurring in the first two decades of 
life and being less frequent than immature tera-
toma [20, 29, 34]. Its well-known precursor lesion 
is gonadoblastoma, although in an unknown num-
ber of cases, it may arise de novo.

6.2.1.1  Clinical Features and Treatment
Practically, dysgerminoma involves only adoles-
cents and young adults, being rare in children and 
in older patients. A coexisting subclinical DSD, 
such as androgen insensitivity syndrome, should 
be unmasked by sex-determining region Y (SRY) 
analysis [41].

Although 30–50 % of dysgerminoma patients 
are fertile [42, 43], few series studied karyotypic 
features [44] of malignant ovarian GCT patients, 
thus not differentiating the relative numbers of 
true 46, XX females from those with a 
Y-containing karyotype. Dysgerminomas origi-
nated from gonadoblastoma have a different set 
of chromosomal abnormalities than de novo dys-
germinomas in true 46, XX females. However, it 
must be borne in mind that rarely gonadoblasto-
mas may occur in fertile females [45, 46] and in 
true hermaphrodites [47], where a mosaicism 
cannot be excluded. Occasionally, DSD- 
associated dysgerminomas can be familial [48].

Since dysgerminoma involves young patients, 
abdominal mass may be associated with preg-
nancy and can cause fetal death and dystocia. 
Rare cases of pseudopregnancy have been 
reported [49]. Dysgerminoma biomarkers include 
human chorionic gonadotropin (hCG), which 
may be present in dysgerminomas with focal syn-
cytiotrophoblastic differentiation [50]. AFP is 
usually secreted when dysgerminoma is part of a 
mixed GCT with primitive endodermal compo-
nents of YST. Among paraneoplastic manifesta-
tions, there are many reports of hypercalcemia 
[51] that should be differentiated, especially in the 
older literature, from ovarian small cell carcinoma 
with hypercalcemia, which is a histological look-
alike. Rarely, it may be associated with systemic 
lupus erythematosus [52] and cholestasis [53].

In over half the cases, tumors are found at 
FIGO stage I [54, 55]. Nevertheless, there is a 

high rate of undetected deposits in para-aortic 
lymph nodes that may recur [54], implying that 
clinical stage I tumors are often understaged [35]. 
Combination platin-based chemotherapy cure 
rates approach 98 % in early stages and 75 % in 
advanced stages [31]. No adjuvant chemotherapy 
is recommended for true FIGO IA stage. 
Consequently, surgery should be fertility sparing 
with complete staging procedures, including 
omentectomy, peritoneal washings, and perito-
neal biopsies. Only when karyotypic features or 
abdominal findings of gonadal dysgenesis are 
present, bilateral adnexectomy is indicated in 
order to avoid possible development of a meta-
chronic GCT in the contralateral gonad.

6.2.1.2  Pathology

Macroscopy
Although it is the GCT with the highest rate of 
bilaterality, this only occurs in 10 % of cases [28]. 
Tumors are usually solid and well encapsulated; 
on cut section they are homogeneous or lobulated 
(Fig. 6.1) but rarely cystic. They are usually white 
or tan in color, except in congestive, torsioned 
tumors. Heterogeneous and gritty areas should be 
sampled in order to demonstrate other histologic 
components. Punctate red, hemorrhagic foci are 
often associated with syncytiotrophoblastic dif-
ferentiation. Marked necrosis should prompt an 
extensive sampling of the specimen.

Fig. 6.1 Dysgerminoma in Swyer syndrome. Tumor is 
attached to a fallopian tube and is homogeneous and rub-
bery. A contralateral gonadal streak was present
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Microscopy
An extensive microscopic description of its tes-
ticular counterpart, seminoma, is found in Chap. 
7. Here we will review histopathologic features 
present in dysgerminomas in females and dysge-
netic gonads that are relevant to differential diag-
nosis with other ovarian tumors.

At low power, it is necessary to search for 
coarse or morular microcalcifications that may 
remain from a preexisting gonadoblastoma, over-
grown by the malignant germ cells of dysgermi-
noma. Dysgerminoma cells are arranged in a 
variety of patterns: diffuse or solid, lobular, tra-
becular, etc. They have uniform nuclei with prom-
inent nucleoli and well-defined membranes. A 
variable degree of atypia is present but lacks any 
prognostic significance.

Cells of dysgerminoma have a labile struc-
ture due to a poorly developed cytoskeleton, and 
consequently dysgerminoma histology is often 
subject to rapid autolytic changes being very 
sensitive to frozen section artifacts. Retraction 
of cytoplasmic gels during fixation is often 
reflected in the formation of clear cells. 
Invariably, the intervening septa show lympho-
cytes and, less often, histiocytic, epithelioid 
non-caseating granulomas, the consequence of 
an enhanced T-lymphocytic response induced 
by neoplastic germ cells [56]. This inflamma-
tory response is an invaluable diagnostic aid in 
poorly fixed cases where identification of the 
large, clear cells is difficult. Only in rare 
instances may extensive chronic inflammatory 

infiltrates complicate diagnosis by effacing the 
dysgerminoma architecture.

Distortion due to autolysis may produce large 
empty tubular or pseudofollicular colloid-filled 
spaces that may mimic other ovarian tumors in the 
young, such as small cell carcinoma, hypercalce-
mic type (SCCH), and even struma ovarii 
(Figs. 6.2a, b). Differential diagnoses also include 
ovarian lymphoma and clear cell carcinoma 
(CCC). Dysgerminoma shares many similarities 
with SCCH since it involves the same age group 
and may also present with serum hypercalcemia. 
Especially in poorly fixed cases that imitate pseu-
dofollicular spaces, the diagnosis is made by the 
absence of lymphocytic infiltrate in SCCH and 
the characteristic immunophenotype of dysgermi-
noma. CCCs involve an older age group but can 
show solid areas with cytoplasmic clearing and 
even plasma cell stromal infiltrates [57]. Usually, 
a thorough sampling will reveal the tubulocystic 
areas of CCCs. Lymphoma in young patients is a 
more remote differential and when an adequate 
immunohistochemical panel is used, diagnosis 
should not present any problems, although in rare 
cases, ovarian lymphomas can be negative for B 
and T-lymphocyte (CD3) markers [58] and thus 
may mimic an undifferentiated tumor.

Syncytiotrophoblastic focal differentiation 
occurs in about 3–5 % of cases. Syncytiotrophoblasts 
are found focally either alone or accompanied by 
isolated mononuclear cells (Fig. 6.3a). Often they 
are surrounded by erythrocytes from burst 
capillaries.

a b

Fig. 6.2 Artifactual changes in dysgerminoma complicating diagnosis: (a) pseudofollicular change mimics small cell 
carcinoma with hypercalcemia. (b) Large pools of proteinaceous fluid separated by septa mimic struma ovarii
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In the same way as germinomas of other loca-
tions (see Chap. 12), rarely dysgerminoma may 
be complicated by somatic malignancies (see 
Chap. 12). A case of coexisting fibrosarcoma [59] 
has been reported in the ovary (Fig. 6.3b).

Immunohistochemistry
In the past, diagnostic immunohistochemistry for 
dysgerminomas has relied on the classic mem-
brane staining of placental-like alkaline phospha-
tase (PLAP). In our experience, however, PLAP 
is relatively unreliable, especially in poorly fixed 
material; furthermore, it may stain positively in a 
high percentage of cases of both embryonal car-
cinoma and YST [18]. CD117 (c-kit) [60], how-
ever, is a conspicuous membrane marker, and 
c-kit mutations have been shown to occur in a 
third of dysgerminoma cases [39]. Clone D2–40 
of podoplanin is a stable cytoplasmic and mem-
brane marker [61], working well in poorly fixed 
and necrotic material [62]. OCT4 is regularly 
expressed in dysgerminoma and in gonadoblas-
toma, often a precursor lesion, but also in 
 embryonal carcinoma [63]. However, consider-
ing the exceptionality of embryonal carcinoma in 
the ovary, OCT4 can be considered as a selective 
marker of ovarian dysgerminoma [18], especially 
in cases of poorly fixed tissue with tubular struc-
tures, helping to differentiate them from SCCH 
and even struma ovarii. OCT4 also identifies iso-
lated dysgerminoma cells engulfed by fibrosis or 
effaced by inflammation [18] (Fig. 6.4). SALL4 

represents a sensitive marker for all malignant 
ovarian GCT being also expressed in dysgermi-
noma. Cytokeratin expression does not exclude 
the diagnosis of dysgerminoma, since positives 
ranging from strongly diffuse to focal and dot- 
like can be seen in up to a third of cases [18]. 
Frequently used cocktails such as CAM 5.2 and 
AE1/AE3 are positive in 19.2 % and 7.7 %, 
respectively [64]. Cytokeratin 7 is occasionally 
focally positive; consequently, it is not advisable 
to differentiate dysgerminoma from embryonal 
carcinoma by cytokeratin expression alone, as 
initially proposed [65]. Expression of cytokera-
tins has unknown significance, but it may be 
related to an eventual differentiation of primitive 
germ cells into somatic-type cells. This assump-

a b

Fig. 6.3 Unusual forms of dysgerminoma. (a) Syncytiotrophoblastic differentiation. (b) Dysgerminoma displaying 
somatic malignant change (fibrosarcoma)

Fig. 6.4 OCT4 expression identifies scattered dysgermi-
noma cells among a dense lymphocytic inflammatory 
background
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tion is partly supported by the focal positivity of 
blood group-related antigens in the cytoplasm of 
dysgerminomas [66], which may reflect a differ-
entiation into somatic-type tissues or yolk sac 
tumor. Additionally, trophoblastic cell differenti-
ation in dysgerminoma is always cytokeratin 
positive. Finally, rare cases may be positive for 
neuron-specific enolase (NSE) [67].

6.2.2  Yolk Sac Tumors: Primitive 
Endodermal Tumors

Yolk sac tumors (YST) do not represent a dis-
crete histopathologic entity but rather a morpho-
logically heterogeneous group of neoplasms 
capable of differentiating into various types of 
endodermal tissues, ranging from the primitive 
stages of primary and secondary yolk sac to 
endodermal somatic embryonal and mature adult 
tissues. Different developmental stages often 
coexist in the same neoplasm, although usually 
primitive-type ones predominate. As in any other 
tumor reproducing embryonic structures, YST 
are potentially able to differentiate into fully 
mature tissues [68] such as mucinous and hepa-
toid neoplasms. Although it is typically a true 
germ cell-derived tumor in the majority of cases, 
it can also be a heterogeneous component of 
somatic Müllerian neoplasms.

Due to its changing multifaceted histology 
and histogenesis, few tumors have attracted so 
much historical interest, as summarized in perti-
nent reviews [69–71].

YST are found at all ages in both the ovary 
and testis. It is possible that tumors have a differ-
ent pathogenesis according to the age group in 
which they present: in neonates, infants, and 
young adults, they correspond to type I GCT, 
while in sexually mature women and the elderly, 
they would belong to type VI. In DSD with a 
female phenotype, they represent type II GCT.

The current terminology includes both endo-
dermal sinus and yolk sac tumor. The former, 
which is not recommended [27], is used mostly by 
non-pathologists without a clear understanding of 
its meaning: the term resulted from comparative 
pathological findings between similar morpholog-

ical structures (endodermal sinuses) in the murine 
placenta and human tumors. The human placenta 
and yolk sac, however, are totally different from 
their murine counterpart. This, together with the 
relatively rare presence of endodermal sinuses in 
human tumors, makes this term obsolete [71]. 
However, neither is the recommended term yolk 
sac tumor devoid of shortcomings, as it may imply 
that the actual yolk sac is the origin of the tumor. 
Furthermore, it is often translated into many other 
languages, with the name Yolk believed to be an 
eponym [71]. The recently proposed term primi-
tive endodermal tumors [71, 72] defines more 
accurately the various endodermal and mesenchy-
mal differentiations found in these neoplasms 
[27]. This broader term would also include some 
somatic clear cell, AFP-secreting neoplasms from 
the stomach, liver, bladder, and other areas which 
have an embryonal endodermal glandular appear-
ance. This approach is analogous to the use of the 
term primitive neuroectodermal tumor (PNET), 
which includes all possible and complex types of 
differentiation from primitive neuroectoderm: 
neuronal, glial, melanotic, etc. [71].

6.2.2.1  Clinical Features and Treatment
Most YST are found at 16–19 years of age. 
Although only 10 % of cases occur before age 10, 
they are the most frequent malignant gonadal 
GCT at this early age [73]. Their frequency is 
almost identical to that of dysgerminoma. 
Although in adult and adolescents (possibly 
belonging to type II) YST share with dysgermi-
noma a similar rate of 12p abnormalities [44], in 
children (type I GCT), 12p is not represented 
[73]. However, YST and dysgerminomas present 
substantial clinicopathologic differences:

 (a) While dysgerminoma shows a 10 % bilater-
ality, YST are invariably unilateral.

 (b) YST occur mostly in 46, XX females, being 
less frequently originated in gonadoblastoma 
than dysgerminomas [74, 75].

 (c) Dysgerminoma is rarely found in children and 
postmenopausal patients; [76] in contrast, 
YST may occur in older patients [77, 78].

 (d) In the ovary, YST associate with dysgermi-
noma and less frequently with other malig-
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nant GCT [28]. Indeed, some reports point 
out to a possible histogenetic continuum of 
transformation between dysgerminoma and 
YST [66]. However, their most frequent 
association with another GCT is with mature 
teratoma [79, 80]. All these data make diffi-
cult to ascribe adult ovarian YST to a particu-
lar pathogenetic GCT type.

 (e) Type VI GCT arising in somatic Müllerian 
neoplasms are nearly always YST patterns; 
only infrequently are they teratomatous 
structures, such as neurogenic tissues or 
muscle, but are never dysgerminomas. These 
points are summarized in Table 6.2.

Tumors present as a rapidly growing abdom-
inal mass. Clinical features include a relatively 
frequent association with pregnancy that may 
behave as hormonally functioning, due to stro-
mal luteinization of the tumor [81]. Association 
with ataxia-telangiectasia syndrome, a condi-
tion associated with an abnormal production of 
alpha- fetoprotein (AFP) has been reported 
[82]. AFP elevation is usual [83], showing 
raised levels between 51,100 ± 12,400 ng/ml. 
Nevertheless, in a differential clinical diagno-
sis, AFP is also a marker for tumors harboring 
immature endodermal tissues such as mediasti-
nal, hepatic, gastric, and urinary bladder 
tumors, hepatoid carcinoma, immature tera-
toma, and Sertoli-Leydig cell tumors with the 
liver as heterologous component [84], which 

exceptionally reach the high serum levels usu-
ally associated with YST.

Older series preceding modern chemotherapy 
[75] reveal their high grade of malignancy: 70 % 
of tumors were found at stage I at the time of 
diagnosis but presented subclinical metastases in 
84 % [80]. Untreated cases spread rapidly, involv-
ing preferentially the liver, lymph nodes, and 
peritoneum: brain metastases usually occur in 
advanced stages of the disease [85].

6.2.2.2  Pathology

Macroscopy
Tumors are unilateral and large, with an average 
size of 15 cm; their weight may reach 5 kg [25]. 
They are usually well encapsulated, although 
large herniations and rupture may be present. 
On cut section, the tumor tissue is gray or yel-
low with numerous irregular zones of hemor-
rhage and liquefaction. Cysts are usually 
situated at the periphery and contain mucinous 
or gelatinous material. Rarely, the tumors are 
unicystic [86] or uniformly multicystic; the lat-
ter appearance correlates with a histological 
pattern of polyvesicular type [87, 88] (Fig. 
6.5a). Solid tumors with a fibrous or elastic con-
sistency correspond to YST with an abundant 
mesenchymal component (Fig. 6.5b). One-
seventh of cases are associated with an other-
wise typical mature cystic teratoma in the 
ipsi- or contralateral ovary [89].

Table 6.2 Comparison of clinicopathologic features between ovarian dysgerminoma and yolk sac tumor

Dysgerminoma Yolk sac tumor

GCT pathogenetic types II, others (?) I, II, IV(MCT-associated ?), and VI

12p [73] Adolescents and adults Adolescents and young adults, absent 
in children

Associated GB Frequent Rare

Bilaterality 10 % <1 %

Age Young and adults Children, young adults and 
postmenopausal

Associated GCT YST, EC, teratoma, CC IT (children), MCT, dysgerminoma

Associated Müllerian tumors No Endometrioid carcinoma and CCC

Key: GB gonadoblastoma, EC embryonal carcinoma, CC choriocarcinoma, MCT mature cystic teratoma, IT immature 
teratoma, CCC clear cell carcinoma
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Microscopy [71]
Tumors usually present an admixture of endoder-
mal extraembryonal and somatic patterns in vari-
able proportions.

 1. Extraembryonal endodermal differentiations. 
The primitive extraembryonal areas represent 
their most characteristic diagnostic feature 
and their identification facilitates the diagno-
sis of YST in cases where other complex mor-
phological patterns predominate. These 
patterns resemble visceral and parietal type of 
murine yolk sac carcinoma and represent the 
most primitive attempt of endodermal differ-
entiation including primitive yolk sac cavity 
and mesenchyme. Broadly, the following his-
tological patterns are described:
 (a) Reticular-microcystic (Fig. 6.6a). This is 

the most frequent and characteristic, hav-
ing a basophilic loose mesenchymal 
background containing a labyrinth of 
anastomosing microcysts lined by a flat-
tened epithelium, often presenting with 
hyaline globules which are also present 
within the lumina. Masses of amorphous 
eosinophilic basement membrane mate-
rial are found in the stroma.

 (b) Endodermal sinus. They are tubulopapil-
lary sinusoidal structures with vascular 
cores lined by cuboidal or columnar endo-
dermal epithelium that protrude into a 

space that frequently communicates with 
the microcystic network (Fig. 6.6b). This 
structure, however, occurs in only 20 % of 
tumors and should be differentiated from 
papillary formations present in clear cell 
tumors. Experimentally, this visceral 
structure is only present in neoplasms 
derived from displaced rat visceral yolk 
sac [90]. Similar papillary structures are 
found in the endodermal component of 
teratomas developed from xenotrans-
planted human induced pluripotent stem 
cells [71].

 (c) Parietal. This highly unusual pattern 
closely resembles mouse parietal yolk sac 
carcinoma; AFP-negative tumor cells are 
embedded in an amorphous hyaline mate-
rial [91] (Fig. 6.6c). This feature can 
occur as a post-chemotherapy conversion 
[92]. Certainly, this morphology is diffi-
cult to explain in humans, since the sec-
ondary human yolk sac only has a tenuous, 
transitory basement membrane [93], 
which does not resemble the thick 
Reichert’s membrane of the rat yolk sac.

 (d) Polyvesicular. This rare variant is com-
posed of numerous cystic spaces (Figs. 
6.6d, e) lined by a mesothelial-like epithe-
lium that merges with columnar, clear 
vacuolated cells. It is more frequent in the 
ovary, where it may rarely represent the 

a b

Fig. 6.5 Unusual macroscopic findings in YST. (a) Multicystic mass corresponding to a polyvesicular vitelline tumor. 
(b) Fibrous, elastic mass corresponding histologically to a mesenchymal overgrowth
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Fig. 6.6 Heterogeneous histology of YST. (a) Characteristic 
microcystic pattern. (b) Endodermal sinuses. (c) Parietal 
variant. (d, e) Polyvesicular vitelline pattern showing a cys-
tic pattern. Vesicles have a biphasic lining similar to allan-
tois. (f, g) Unusual cribriform variant with tubular 
formations and hemopoiesis (h) reproducing human yolk 
sac histology. (i) Solid pattern with microcysts and hyaline 
globules. (j) Glandular papillary variant imitates intestinal 
tube formation and is lined by clear cells surrounding a 
space (k) filled with dense eosinophilic material. (l) 
Columnar cells in glandular pattern with characteristic api-
cal and basal vacuolation, often surrounded by marked 

periglandular stromal rarefaction (m). In rare occasions 
glandular YST shows a tubular pattern lined by compact 
non-vacuolated cells (n). Hepatoid pattern (o) showing a 
trabecular arrangement. Hepatic cells have moderate atypia 
and exhibit numerous hyaline globules (p). Mesenchymal 
overgrowth of a YST (q), composed by a loose mesen-
chyme with only few isolated epithelial elements present. 
Glandular YST (top) coexisting with an insular type carci-
noid (r). Mucinous tumor of the ovary (s) presenting with 
an aggressive clinical course. Immunohistochemistry 
revealed a full YST immunophenotype
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predominant pattern [87, 88], being read-
ily confused with other multicystic tumors 
(clear cell, endometrioid adenofibromas, 
cystic mesotheliomas, etc.). We believe 
that these vesicles reproduce the mor-
phology of the allantois, which has simi-
lar lining of a biphasic epithelium.

 (e) Cribriform-tubular. This exceptional 
YST growth pattern is the only one that 

caricaturizes the histology of a 6–7-week 
human yolk sac (also see Fig. 6.7a). 
Histologically, it has polygonal cells 
arranged in tubular formations (Figs. 6.6f, 
g) that, in a similar way to the secondary 
human yolk sac, may even display hema-
topoiesis (Fig. 6.6h). In mediastinal and 
lung YST, these hematopoietic cells may 
act as precursors of some hematological 

q r

s
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Fig. 6.6 (continued)
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malignancies (see Chap. 12). 
Hematopoietic cells should be differenti-
ated from apoptotic epithelial cells.

 (f) Solid. This pattern [94] has no correspon-
dence with any embryonal structures and 
consists of a solid sheet of polygonal, 
often vacuolated, cells (Fig. 6.6i) with 
frequent hyaline globules. They have 
eosinophilic or clear cytoplasm, often 
negative for AFP [95], and may also pres-
ent abortive tubular formations. Solid 
YST lacks the plump cytoplasm and char-
acteristic nuclei of embryonal carcinomas 
and the consistent chronic lymphocytic 
infiltrates of dysgerminoma.

 2. Somatic endodermal differentiations. They 
reproduce endodermal somatic derivatives 
such as respiratory, intestinal, and liver tis-
sues. These morphological variations can 
mimic many other tumors among which glan-
dular patterns are the most frequent.
 (a) Glandular patterns [96]. We prefer to use 

this broader term rather than others such 
as enteroblastic, enteroid, intestinal, 
endometrioid-like, etc. They represent a 
differentiation into somatic endodermal 
epithelia of the embryonal gut. Glandular 
patterns consist of a complex network of 
cysts and glandular spaces that often 
have papillary projections (Fig. 6.6j). 
Occasionally, the glandular spaces are 
filled with a dense eosinophilic material 
(Fig. 6.6k) and lined by columnar epithe-
lial cells with apical or subnuclear vacuo-
lation (Fig. 6.6l), similar to those of the 
embryonal gut, that may differentiate into 
isolated goblet and neuroendocrine cells. 
Often, a marked periglandular stromal 
rarefaction is present (Fig. 6.6m). 
Unusually, somatic glandular patterns 
may have gland-like spaces with empty 
lumina lined by compact, closely packed 
columnar cells lacking vacuoles but set in 
a loose stroma (Fig. 6.6n). Due to their 
similarities with many adenocarcinomas, 
glandular patterns are frequently misin-
terpreted [97]. Similar areas may also 
occur in AFP-positive gastric clear cell 

carcinomas and fetal-type lung adenocar-
cinomas. Gastric tumors may metastasize 
to the ovary and may mimic a primary 
ovarian YST, especially if the metastasis 
is unilateral. In these cases, the absence of 
concurrent primitive YST patterns in the 
ovarian mass and the presence of angioin-
vasion may support the diagnosis of 
metastasis.

 (b) Hepatic differentiation [98] is a relatively 
common focal differentiation. True hepa-
tocytes are found in a solid or trabecular 
arrangement (Fig. 6.6o), often presenting 
with hyaline globules (Fig. 6.6p). The 
hepatic nature of these cells has been doc-
umented ultrastructurally [99] and may 
reveal bile secretion and even have associ-
ated hematopoiesis. This growth pattern 
is a frequent source of misinterpretation 
[97] as it can be confused with dysgermi-
nomas, hepatoblastoma, hepatoid carci-
noma, and clear cell carcinomas, but 
usually the presence of  primitive YST 
foci provides the clue to their identity.

 3. Other secondary mesenchymal or endodermal 
epithelial tumor patterns in YST. They repre-
sent either overgrowths or full differentiations 
of endodermal lineages present in YST.
 (a) Mesenchymal overgrowth occurs [100] as 

a mesenchymal expansion of loose, myx-
oid tissue stimulated by endodermal epi-
thelium, taking place in periglandular 
areas and thus mimicking a similar 
epithelial- mesenchymal transition seen in 
early embryogenesis. Primitive mesen-
chyme may differentiate into any deriva-
tives such as smooth or striated muscle 
and cartilage. Rarely, mesenchymal tis-
sues constitute the bulk of tumor with the 
presence of only a few engulfed epithelial 
foci (Fig. 6.6q). In these cases, the diag-
nosis of YST is only possible after exten-
sive sampling.

 (b) Carcinoids. Since the neuroendocrine 
cells of the gut have an endodermal ori-
gin, YST may, albeit rarely, differentiate 
into an extensive epithelial secondary 
 pattern resembling mucinous carcinoid 

6 Germ Cell Tumors of the Female Genital Tract

http://dx.doi.org/10.1007/978-3-662-53775-6_12


208

(adenocarcinoid), displaying prominent 
goblet cells and neuroendocrine compo-
nents [101]. They should be differentiated 
from metastases of gastric carcinomas. 
Foci of insular type of carcinoid originate 
from YST, particularly from glandular, 
intestinal-type patterns [102] (Fig. 6.6r), 
and may produce insulin [103].

 4. Endodermal differentiations occurring in 
other ovarian tumors. Immature teratomas 
may differentiate endodermal foci that have 
prognostic significance [97, 104].
 (a) Immature endodermal teratomas [68], 

(type I GCT) in children, reproduce endo-
dermal and mesenchymal tissues in the 
absence of neuroectodermal differentia-
tion and represent a neoplasm develop-
mentally related to YST.

 (b) Mucinous tumors of the ovary. Some his-
tologically well-differentiated mucinous 
tumors occurring in young patients rarely 
may have an aggressive clinical course 
and present a YST immunophenotype 
expressing SALL4, villin, AFP, and 
Glypican- 3 (Fig. 6.6s) [105]. They could 
represent a mature mucinous differentia-
tion of a YST. This hypothesis is partly 
supported by recent genetic findings pro-
posing that some intestinal-type mucinous 
tumors may have a germ cell origin [106].

Immunohistochemistry [96, 107]
The heterogeneous immunophenotype of YST is 
a consequence of the various differentiations and 
developmental stages that coexist in these tumors. 
For this reason, the use of a broad immunohisto-
chemical diagnostic panel covering various endo-
dermal phenotypes is advised [96].

Comparative expression of various proteins in 
the human yolk sac (HYS) and YST has been 
attempted. As a referential point, the HYS immu-
nophenotype has been recently studied by analy-
sis of the expression of pluripotentiality and 
endodermal proteins [107]. The HYS (Fig. 6.7a) 
has a consistent expression of immunohisto-
chemical markers associated with hepatic 
(HepPar-1 and GPC3) and intestinal (villin and 
CDX2) functions. In addition, it expresses 

SALL4 during all its functional period. In con-
trast, LIN28, another pluripotentiality protein, is 
only expressed in early yolk sacs up to the 5th 
week of development. Additionally, AFP is 
secreted by endodermal cells via a transient cana-
licular network that represents the substrate of a 
transport system functioning during the period of 
maximum activity of the HYS [107].

Alpha-fetoprotein (AFP) has been considered 
a gold standard for the diagnosis of YST, although 
it is known that this embryonal protein can be 
expressed, among others, in ovarian clear cell 
carcinoma [108] and in ovarian metastases of 
gastric carcinoma. In the normal yolk sac, AFP is 
present as early as the 5th week showing a granu-
lar cytoplasmic positivity, which is concentrated 
in the intra- and intercellular lumina and tubular 
surfaces that constitute a complex transfer sys-
tem. In classic YST patterns, AFP expression is 
constant but heterogeneous in the epithelium, 
(Fig. 6.7b) where it also delineates occasional 
cellular lumina. In somatic glandular or solid 
[95] patterns, however, its distribution tends to be 
focal or absent [109]. Thus, it can be said that 
AFP negativity does not necessarily preclude a 
diagnosis of YST.

Glypican-3 (GPC3). In the normal yolk sac, 
GPC3 displays a cytoplasmic or membranous 
expression (Fig. 6.7c) that also highlights inter- 
and intracellular tubules. GPC3 is also exten-
sively or patchily expressed in YST [110]. GPC3 
is diffusely expressed in classical YST patterns 
but has a heterogeneous distribution, and it is 
even absent in somatic glandular variants. 
Similar in distribution to AFP, it is a more sensi-
tive antibody, although not as specific as AFP 
[111], being also expressed in tumors of the 
female genital tract such as the primitive neural 
tubules of immature teratoma, hepatocellular 
carcinoma, squamous cell carcinomas, carcino-
sarcomas, and placental site trophoblastic 
tumors, among many others. Some clear cell car-
cinomas may also express GPC3, and conse-
quently its demonstration may not be that useful 
in the differential diagnosis [112] of YST origi-
nating from somatic tumors.

Hepatocyte paraffin-I (HepPar-1) is expressed 
throughout the lifespan of the human yolk sac, 
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reflecting its vicarious hepatic role. HepPar-1 posi-
tivity has been reported in both the hepatoid areas 
of YST and in hepatoid carcinomas [113]. Our 
study suggests that the frequent, but focal, HepPar-1 
positivity in YST does not necessarily mean that it 
identifies a hepatic tissue, but that it can also reflect 

a HYS differentiation. Well- differentiated glandu-
lar YST of intestinal type show an intense and dif-
fuse HepPar-1 expression (Fig. 6.7d) similar to that 
found in the small intestine [114].

CDX2 expression is consistently present in the 
human yolk sac [107]. In classical patterns, CDX2 

Fig. 6.7 Immunohistochemistry of YST. (a) A human 
yolk sac of the eighth week showing characteristic tubules. 
Heterogeneous epithelial expression of AFP (b). Epithelial 
expression of GPC3 (c). HepPar-1 positivity in the colum-
nar components of a polyvesicular vitelline tumor (d). 

CDX2 expression in microcysts of YST (e). Strong, dif-
fuse epithelial expression of villin (f), SALL4 (g), and 
LIN28 (h). GATA3 is only positive in the primitive endo-
dermal component of YST, while the differentiated gut 
structures are negative (i)
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expression is focal [115, 116] (Fig. 6.7e), but in 
somatic glandular patterns, it displays a stronger, 
diffusely positive, staining [96]. Therefore, it 
would seem that CDX2 positivity will highlight 
both areas of HYS and intestinal differentiation, 
the latter being more evident in somatic glandular 
patterns, especially those with vacuolated epithe-
lia resembling the embryonal gut.

Villin is consistently expressed during early 
embryogenesis in both HYS and early endoderm 
[107] and is a highly sensitive endodermal epithe-
lial component marker in all cases of YST, both in 
classical and somatic glandular patterns (Fig. 
6.7f), being absent in pure embryonal carcinoma 
and seminoma/dysgerminoma. Its diffuse cyto-
plasmic expression parallels that of the HYS [107] 
and intestinal adenocarcinomas, where both dif-
fuse and apical staining patterns occur [117]. We 
believe that villin is an excellent marker of both 
primitive and differentiated YST variants. To our 
knowledge, villin has not been previously used as 
a marker for the epithelial components of YST.

SALL4, as a marker of cells retaining pluri-
potency, is a highly sensitive marker for YST 
(Fig. 6.7g), but with a low specificity, since it is 
also consistently expressed by all malignant 
primitive germ cell tumors of both gonadal and 
extragonadal locations [118–120]. It is also 
present throughout the life cycle of the HYS, 
reflecting that this temporary organ retains a 
degree of pluripotency in its endodermal cell 
component. This could explain the eventual dif-
ferentiation of ectopic mature endodermal tis-
sues such as liver cell and enteric tissue in the 
placenta, which may originate from displaced 
yolk sac remnants [121, 122].

LIN28 is also a highly sensitive marker for 
malignant GCT [108, 123–125] (Fig. 6.7h). 
However, its expression is not specific for YST, 
although it has been proposed that it might be 
useful for immunohistochemical detection of 
YST metastases and for differential diagnoses 
with clear cell carcinoma of the ovary [108, 124, 
125], where both AFP and GPC3 can also be 
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Fig. 6.7 (continued)

F.F. Nogales and M. Schuldt



211

positive. Other stemness markers, such as OCT4 
and SOX2, are not expressed in YST [126].

GATA3 [127] exhibits nuclear expression only 
in primitive patterns of YST being, however, 
often negative in glandular and hepatic variants 
[128]. Conversely, NUT (nuclear protein in the 
testis) expression is absent in primitive patterns 
but is positive in differentiated variants, as it 
seems to play a role in intestinal or hepatoid dif-
ferentiations [129].

As a summary, a diagnostic antibody panel, 
including both markers of pluripotentiality 
(SALL4 and LIN28) and endodermal identity 
(AFP, GPC3, and villin), is useful in recognizing 
the multiple differentiations present in YST. The 
overlapping immunophenotypes of primitive and 
differentiated YST areas lend support to the 
newly proposed term of primitive endodermal 
tumors [71]. This diagnostic panel will also prove 
useful in the differential diagnosis of unusual his-
tological variants of YST in uncommon locations 
[130], as well as in the absence of classical diag-
nostic patterns and AFP expression. Furthermore, 
it helps both to identify YST arising from somatic 
neoplasms [131] and differentiate them from 
clear cell carcinomas, especially in elderly 
patients. Additionally, the negativity of CK7 and 
EMA is characteristic of primitive YST and dis-
criminates them from endometrioid and clear cell 
carcinomas [132, 131]. In contrast, glandular 
somatic patterns often show an incomplete YST 
immunophenotype, being potentially negative for 
AFP or GPC3 and unexpectedly positive for 
CK7, EMA [133], HepPar-1, and CDX2, espe-
cially when they occur in association with 
somatic neoplasms (type VI GCT). Consequently, 
AFP or GPC3 negativity in the presence of other 
markers such as villin, SALL4, or LIN28 should 
not preclude the diagnosis of YST.

6.2.3  Postpubertal-Type Testicular 
GCT (Type II) in Phenotypic 
Females

Apart from the relatively common dysgerminoma, 
embryonal carcinoma, polyembryoma, mixed 
germ cell tumors, and choriocarcinoma are highly 
unusual in the ovary but frequent in the testis 

where they are associated with germ cell neoplasia 
in situ (GCNIS) [134–136] and, consequently, are 
dealt with at length in Chap. 7. It is possible that 
many reports of these tumors in women, especially 
in the older literature, may correspond to pheno-
typic females with a Y-chromosome-containing 
DSD [137], where the precursor lesion would be 
gonadoblastoma and therefore analogous in patho-
genesis to type II testicular tumors. Hence, such 
diagnoses in phenotypic females should prompt 
karyotypic or molecular genetic studies [18]. Their 
real incidence in true 46,XX females is difficult to 
assess, since many cases reported in the past do 
not indicate presumptive clinical or genetic data 
relating to DSDs such as pubertal, menstrual, and 
gestational status; negative sex chromatin; or 
karyotype, which may help to classify them as true 
female neoplasms. As stated in Chap. 3, it is pos-
sible that type II GCT of the ovary may have their 
origin in mild forms of ovarian dysgenesis, possi-
bly transient, which leave no obvious final pheno-
typic traces.

6.2.3.1  Embryonal Carcinoma (EC)
It represents the archetypal stem cell neoplasm, 
where every cell is pluripotential [138, 139]. Due 
to their many histopathologic similarities, it is 
possible that some EC reported in older series 
were misinterpretations of solid [140] or hepatoid 
forms of YST [141] or even dysgerminomas. The 
characteristic immunophenotype of EC, express-
ing OCT4, CD30, and SOX2, should facilitate 
diagnosis. However, EC may be associated with 
yolk sac or trophoblastic differentiation and thus 
may reveal focal expression for AFP or GPC3. 
Exceptionally, we have seen EC in true female 
children and adolescents in association with YST 
and dysgerminoma, but never in a pure form. In 
the older literature, there is only one large histo-
pathologic series [142] with limited clinical 
details, as well as a few isolated case reports, 
often only partially illustrated or supported by 
modern immunohistochemistry. One recent study 
analyzed six ovarian mixed GCT with a compo-
nent of EC with characteristic immunophenotype 
of pluripotential markers and presence of 12p 
chromosome alteration, but the Y-chromosome or 
testis-specific protein Y-encoded-1 (TSPY-1) sta-
tus was not mentioned [140].
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6.2.3.2  Polyembryoma
This recently reviewed, fascinating GCT pat-
tern [143] caricaturizes the morphology of the 
trilaminar embryo, forming blastocyst-like 
embryoid bodies scattered throughout the 
tumor. They are often associated with EC, 
YST, or trophoblast. Embryoids are surrounded 
by a circumferential halo of rarefied loose 
stroma. Their embryonic disks delineate a 
small amniotic cavity over the ectodermal plate 
and, more prominently, a cystic primitive yolk 
sac cavity from the endoderm (Fig. 6.8). Foci 
of liver cells or primitive embryonic gut are 
often related to the primitive yolk sac area. A 
rarefied, basophilic mesoblast surrounds the 
embryoid, which may present isolated syncy-
tiotrophoblasts. The identity and position of 
polyembryoma among primitive GCT is still 
debated. For some, it represents the “most 
immature of teratomas” [28, 143] due to its 
organoid appearance and coexistence of tera-
toid tissues, while for others, it is a form of 
mixed GCT [144]. We believe, however, that 
considering its situation in the embryonal 
developmental pathway, where stem cells 
become embryonal germ cells in the naïve plu-
ripotent state (see Chap. 3) and its frequent 
association with EC, polyembryoma represents 
an attempt of organoid differentiation of a stem 
cell proliferation.

6.2.3.3  Mixed Germ Cell Tumors
They consist of the admixture of various patterns 
of malignant GCT, analogous to those commonly 
found in the postpubertal testis. However, the 
rare mixed ovarian GCT have the following par-
ticular features that makes them different from 
testicular and some extragonadal neoplasms:

 1. In the ovary, the most characteristic combina-
tions of malignant GCT are YST and dysger-
minoma [28], and immature teratoma and 
dysgerminoma (Fig. 6.9), as opposed to the 
usual combinations of testicular tumors, 
where EC is common, whereas it is excep-
tional in ovarian mixed GCT.

 2. In the ovary, malignant GCT patterns can be 
associated to benign, differentiated ones. In par-
ticular, YST may associate with mature cystic 
teratoma in the ipsi- or contralateral ovary [79], 
both of them lacking 12p alteration. This possi-
bly indicates a pathogenetic relationship in type 
I or IV GCT between both neoplasms [89]. This 
mixed form is characteristic in the ovary.

 3. Another situation involving coexistence of 
tumor types is represented by the neoplastic 
transformation of mature components of cys-
tic teratoma, a situation characteristic in the 
ovary but infrequent in other sites (see Chap. 
12). This combination should not be consid-
ered a mixed GCT.

Fig. 6.8 An embryoid body showing a primitive yolk sac 
cavity, positive for AFP

Fig. 6.9 A rare example of mixed GCT (dysgerminoma 
and immature teratoma) in a 46, XX female
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 4. In high-grade immature teratoma of the ovary, 
immature neural structures coexist with imma-
ture endodermal ones [97]. This should be inter-
preted as a manifestation of the pluripotentiality 
of the teratoma rather than an associated tumor.

 5. Teratomas in mixed ovarian GCT have a patho-
genesis akin to postpubertal testicular types 
(type II tumors), different to typical partheno-
genetic (type IV) benign teratomas of the ovary 
[145]. Thus, this type of neoplasm is likely to 
occur in DSD with a Y-chromosome compo-
nent. IMP3 expression, characteristic of male 
teratomas and absent in ovarian ones [10], has 
not been studied in ovarian mixed GCT.

6.2.3.4  Choriocarcinoma
Choriocarcinoma of non-gestational germ cell 
origin is also rare and truly exceptional as a pure 
neoplasm, being usually DSD associated and a 
component of a mixed GCT [146]. Rarely, it may 
develop in a mature cystic teratoma (Fig. 6.10). 
In fertile patients, it should be differentiated both 
clinically and histopathologically from gesta-
tional choriocarcinoma originated from an ovar-
ian pregnancy [147], as both share similar 
histology, symptoms, image findings, and high 
serum levels of β-hCG. However, in cases where 
the differentiation between both types is difficult, 
genetic analysis can demonstrate either a mono-
spermic complete mole as a precursor of gesta-
tional choriocarcinoma [148] or the paternal 
DNA sequences of an androgenetic mole.

Macroscopically they are solid or cystic hem-
orrhagic masses, and histologically they show 
extensive hemorrhage and necrosis that often 
makes identification of the trophoblast difficult. 
Both mononuclear cyto- and extravillous (inter-
mediate) trophoblast are intimately admixed in a 
plexiform arrangement. Numerous tissue blocks 
should be taken in order to demonstrate other 
GCT patterns such as mature somatic tissues.

Although non-gestational choriocarcinoma 
has different chemosensitivity from gestational 
type, methotrexate-based regimens can be used 
[149]. However, it has to be taken into account 
that these neoplasms are likely to be associated 
with other GCT types and, consequently, cispla-
tin regimens are preferable.

6.3  Ovarian Teratomas

The usual definition of teratoma implies the differ-
entiation of tissues derived from all three germ lay-
ers. Teratomas imitate somatic embryogenesis and 
a histologic correlation with developmental stages 
has been proposed [150]. However, this correlation 
is certainly more accurate when the sequential 
expression of pluripotentiality markers is analyzed 
[18]. There are exceptions, as some teratomas only 
develop one particular tissue foreign to those nor-
mally differentiated in any given organ, represent-
ing derivations from a single germ cell layer 
(monophyletic or monodermal teratomas), such as 
the endoderm in struma ovarii or ectoderm in an 
ovarian neurogenic cyst. Teratomas show a gradi-
ent of maturation and organoid arrangement that 
includes coexisting embryonal tissues.

Pathogenetically (see Chap. 3), mature, cystic 
ovarian teratomas, are GCT of parthenogenetic 
origin (type IV) and constitute the most frequent 
GCT in 46, XX females. However, there seems 
to exist a continuum between the type IV mature, 

Fig. 6.10 Unusual coexistence of a mature cystic tera-
toma with non-gestational choriocarcinoma
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cystic ovarian teratomas and type I immature 
teratomas. While the tissues of most teratomas 
are differentiated (mature teratomas, cystic or 
solid), a small proportion show varying amounts 
of immature tissues, which are responsible for 
their aggressive behavior. Some may show the 
presence of secondary malignancies originated 
from the terminally differentiated tissues. While 
in children the proportion of mature to immature 
teratomas is relatively similar (2:1) [3], in adult 
women mature teratomas show an overwhelm-
ing predominance over immature ones.

6.3.1  Immature Teratomas (IT)

Immature teratomas (IT) reproduce progressive 
stages of tissue organization reflected in variable 
amounts of immature tissues, usually of neural 
origin. Xenotransplant of human embryonal stem 
cells or iPSC produces experimental immature 
teratomas identical to spontaneous ones [151]. 
Most patients are 46, XX with the exception of 
rare bilateral IT, some of which may occur asso-
ciated with a Y-chromosome genotype [137]. 12p 
alterations are absent, but gains from 1p, 16p, 19, 
and 22q are reported [44]. As mentioned in Chap. 
3, immature teratomas of infancy belong to type I 
GCT; however, in adult women, boundaries 
between type I and IV tumors are not clear-cut, 
since both immature and mature (dermoid-like)
areas may coexist in the same tumor [158].

6.3.1.1  Clinical Features and Treatment
Most IT occur in adolescent and young females 
and are exceptional in the peri- or postmenopause 
[152]. Symptoms are nonspecific, with an aver-
age duration of 3 months before surgery, and con-
sist of abdominal mass, pain, vaginal bleeding, 
and fever in a quarter of patients [153]. 
Paraneoplastic limbic autoimmune encephalitis 
[154] may occur. Although the tumors are usually 
solid, preoperative ultrasonograms may reveal a 
multicystic neoplasm, in which case a careful 
surgical incision should be made to avoid surgi-
cal rupture and spillage [155].

A third of tumors can exhibit AFP elevation 
and less than 10 % may show increased serum 

hCG levels [156]. A unilateral stage I mass is 
found in up to 69 % of cases [155, 157]. 
Bilaterality is rare [11]; however, 10 % may be 
associated with a mature cystic teratoma (MCT) 
in the contralateral ovary, and, exceptionally, 
they can be preceded by a previous resection of a 
MCT in the same ovary [158].

Abdominal extension is present at the time of 
surgery in a third of cases. Rarely they may pres-
ent with metastases in soft tissues [159] as well 
as in the brain, lung, and liver [160].

Surgery with preservation of fertility is the 
procedure of choice since IT involves young 
patients. In stage 1A, grade 1 tumors, adjuvant 
therapy is not necessary. Resection of stage 1A 
tumors has been reported as curative in pediatric 
IT [156]. More advanced stages and grades 
should be treated with current combination che-
motherapy. Gliomatosis peritonei is not treated 
except for recurrent cases or in the development 
of growing teratoma syndrome [161]; it remains 
stable for many years and a possible complica-
tion is abdominal hemorrhage [162].

6.3.1.2  Pathology

Macroscopy
IT are usually bulky, solid tumors, rarely bilat-
eral, that can be associated with MCT in a fourth 
of cases [158]. Three quarters show a smooth 
capsule, and only a third may present with rup-

Fig. 6.11 Characteristic gross appearance of immature 
ovarian teratoma with abundant encephaloid nodular 
formations
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ture or herniations. On cut section, most tumors 
are solid, white, encephaloid (Fig. 6.11) and may 
present small cysts. Small foci of bone or carti-
lage may be present. A multilocular appearance 
occurs in a third of cases. Only rarely are tumors 
parvilocular or pedunculated within a large, soli-
tary cyst, and up to a fourth of cases may show 
embedded or peripheral dermoid-like cysts con-
taining sebum and hairs [158]. Hemorrhage and 
necrosis are often found and are especially evi-
dent in cases of torsion. Sampling must include a 
tissue block for every centimeter in diameter; it is 
mandatory that the mass should be adequately 
sampled as this is crucial for grading the tumor.

Microscopy
A mixture of mature and immature tissues with 
predominance of neural ones characterizes this 
tumor. Grading, assessed in the relative amounts 
and degree of immaturity of the neural tissues, is 
prognostically related as demonstrated in preche-
motherapy series of IT [155, 157]. Grade 0, or 
mature solid teratomas, do not show the usual 
dermoid features and are composed of mature tis-
sues of predominant neural origin. Grade 1 
tumors contain rare foci of immature neural tis-
sue (<1 low-power field (LPF) in any one slide), 
while grade 2 and grade 3 tumors contain 2–3 
LPFs or 4 or more LPFs of immature neural tis-
sue, respectively [28]. This system can be simpli-
fied into a two-tier classification with low grades 
referring to grade 1 teratomas and high grades 
encompassing grades 2 and 3 [163].

Structures relevant to histologic grading. The 
characteristic immature neural structures evalu-
ated in grading are neural blastematous nodules 
containing rosettes and neuroepithelial tubules 
(Fig. 6.12a) with a crowded cell lining with abun-
dant mitoses that may be occasionally pigmented. 
Their sharp-edged apical borders are well delin-
eated by an inner limiting membrane (Fig. 6.12b) 
which differentiates them from other immature 
tubules of nonneural origin. It is important to take 
into account some other immature tubular struc-
tures that can mimic neuroepithelial tubules. 
Endodermal tubules lined by tall columnar vacu-
olated epithelium (Fig. 6.12c), similar to glandu-
lar YST, are, in our experience, intimately 

admixed with immature neural tubules in grade 3 
tumors, especially in pediatric IT (type I GCT), 
where they are found in a third of cases [156]. 
While some authors may regard these tubules in 
high-grade IT as microscopic foci of YST, we 
believe that the presence of these does not neces-
sarily signify a mixed GCT but yet another 
immature embryologic structure differentiated in 
a high-grade tumor and thus may influence prog-
nosis [97]. Microscopic areas of primitive, micro-
cystic YST can be found, especially in high-grade 
IT in children (Fig. 6.12d). Endodermal tubules 
are often identified by marked periglandular stro-
mal basophilic rarefaction (Fig. 6.12e). Hence, 
the finding of endodermal tubules should also be 
taken into account when grading a teratoma. 
Solid, undifferentiated areas, rarely forming 
embryoid bodies, may be present in high-grade 
tumors and resemble EC, even sharing a similar 
immunophenotype (see below).

Elements which are not relevant to grading 
include metanephric tubules. Nevertheless, these 
may mimic neuroepithelial tubules as they are 
lined by crowded cells with scanty cytoplasm. 
However, they lack the inner limiting membrane 
characteristic of neurotubules and are associated 
with abortive glomerular structures (Fig. 6.12f). 
Other areas showing developmental immature 
features which are not relevant to grading are 
mesenchymal derivatives, such as immature skel-
etal muscle, which should be differentiated from 
true overgrowth of sarcoma [28]. Immature mes-
enchymal areas often resemble myxoid liposar-
coma with a characteristic vascular arrangement. 
Other immature areas such as tooth buds, lack 
any importance other than providing a beautiful 
microphotograph. Marked vascular hyperplasia 
with both endothelial and adventitial prolifera-
tions, similar to that occurring in central nervous 
system tumors, is frequently found in any grade. 
However, it may be quite prominent in high-
grade IT, where it may be associated with a 
malignant overgrowth of primitive neuroectoder-
mal tumors (PNET), including malignant retinal 
anlage-type tumors [164].

Only when IT elements are a component of a 
type II mixed GCT, they may it show 12p chro-
mosome abnormalities [145]. Some teratomas 
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are almost exclusively composed of both mature 
and immature endodermal structures in various 
stages of differentiation. For these, the name 
immature endodermal teratoma has been used, 
and their relationship with YST is open to specu-
lation [68].

6.3.1.3  Complications and Unusual 
Features

Malignant overgrowth of some immature tissue 
components in IT is a rare event, being less frequent 
than the development of secondary somatic malig-
nancies in testicular GCT. Since neural  tissues 

a
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Fig. 6.12 Structures relevant to histologic grading in 
IT. Neural tubules in a high-grade tumor (a) with a baso-
philic cellular lining with numerous mitoses. The luminal 
edge is usually sharp (b). Coexistence of endodermal 
tubules (top) with a neural rosette (bottom) (c). Neural 
tubules admixed with a small focus of reticular YST in a 

grade III teratoma (d). Endodermal tubules with periglan-
dular stromal rarefaction coexist with a small focus of 
neuroectoderm (arrow) (e). Neural tubules mimicry: 
metanephric tubules resemble neural structure but also 
display abortive glomeruli (f)
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 predominate in IT, overgrowth by astrocytoma 
[165] and highly malignant PNET (Fig. 6.13a, b) 
may occur. Cases reported as neuroblastoma, neu-
rocytoma, etc., arising in IT, would belong to this 
category. GCT-associated PNET often have central 
genotype [166], lacking the ESWR-1 rearrange-
ment, and consequently diagnosed as medulloblas-
toma-like [167, 168]. Ependymoma is only rarely 
associated with teratoma (Fig. 6.13c).

Rhabdomyosarcoma has also been reported as 
an overgrowth from IT presenting with peritoneal 
and retroperitoneal involvement [169].

Mature implants and metastases from IT. 
Immature tissues from ovarian teratoma can 
achieve full differentiation in abdominal and less 
frequently, extra-abdominal deposits, either 
spontaneously or subsequent to treatment. This 
phenomenon takes place in both growing tera-
toma syndrome and gliomatosis peritonei and 
may occur simultaneously [170].

Growing teratoma syndrome. The presence of 
expansile masses of mature teratoid tissues in the 

abdomen, pelvis, retroperitoneum, liver, lung, or 
pleura after chemotherapy for ovarian IT was ini-
tially reported by DiSaia [171] and later found in 
testicular tumors [172] (see Chap. 7). Only rarely 
may it also be present in untreated patients. 
Resected masses are usually nodular and com-
prised of cystic structures that expand by continued 
secretion from their serous or mucinous epithelia, 
causing compression of various organs and struc-
tures. Long-term follow-up [173] often shows no 
changes in the benign tissues, although eventually 
they may rarely develop endodermal type VI GCT, 
such as glandular YST and carcinoid [174, 173] or 
intestinal-type adenocarcinomas [170].

Gliomatosis peritonei (GP) [175] is a relatively 
frequent phenomenon associated to ovarian IT, 
being rare in teratomas of other organs. GP pres-
ents as widespread small solid nodules of mature 
glia in the peritoneum (Fig. 6.14a, b) and abdomi-
nal lymph nodes. Rarely, it may occur outside the 
abdomen [176]. Its behavior is benign, although it 
may recur [177]. Implants grow rapidly but remain 

a
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b

Fig. 6.13 PNET overgrowths in immature teratoma. Nested pattern with vascular hyperplasia (a). adamantiform pat-
tern (b) and ependymal differentiation (c)
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unchanged for life, undergoing only involutive 
phenomena of an ischemic nature. Astrocytes rep-
resent their main component, but other neural lin-
eage elements, such as neurons and ependyma, 
and mesenchymal tissues such as cartilage can be 
found [178]. Secondary changes in glial nodules 
may include (a) degenerative astrocytic changes; 
(b) granulomatous and follicular chronic inflam-
matory response; (c) association with hormonally 
related changes, such as decidual peritoneal meta-
plasia; (d) endothelial and adventitial vascular 
hyperplasia [162] (Fig. 6.14c); (e) complete 
regression [179, 180]; and (f) development of gli-
oma [181]. Association with endometriosis has 
been reported, where endometrium and glia are 
intimately admixed (Fig. 6.14d). This intriguing 
phenomenon may either imply a common origin 
for each component or a possible glial induction of 
endometrial differentiation [182].

Two pathogenetic mechanisms are considered 
in GP: (a) direct seeding of immature neural cells 
from a primary tumor with subsequent differen-
tiation and (b) metaplasia from peritoneal stem 
cells.

An implantation mechanism is supported by 
the following clinicopathologic data:

 (i) The GP nodules present with a wide cellular 
heterogeneity of neural and nonneural com-
ponents, showing coexistence of mature 
astroglia with neural blastemal areas and 
other non-ectodermal tissues such as carti-
lage. This would favor an implantative ori-
gin from pluripotential teratoma cells that 
undergo multiple differentiations in the 
peritoneal environment.

 (ii) The frequent presence of shed keratin 
and embedded hairs within the nodules 

a
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b

Fig. 6.14 Gliomatosis peritonei. Glial nodules in the 
ovarian surface (a) and peritoneum (b) coexisting with a 
marked granulomatous response to embedded hairs. 

Marked hyperplastic vascular change in gliomatosis peri-
tonei (c) may be responsible for hemoperitoneum. Rarely 
glial nodules coexist with endometriosis (d) (center)
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(Fig. 6.14b), possibly originating from the 
primary ovarian neoplasm, is a strong clue 
for an implantative origin.

 (iii) The presence of lymphovascular involve-
ment and even extraperitoneal deposits 
[176].

 (iv) There are rare cases of GP associated with 
ventriculoperitoneal shunts which would 
constitute a natural experiment of the 
implantative capacity of glial cells present 
in the cerebrospinal fluid into the perito-
neum [183].

However, a metaplastic origin is sustained by 
a heterozygosity pattern of GP nodules, identical 
to the normal tissue but different from the coexis-
tent ovarian teratoma [184, 185]. SOX2 is 
expressed by gliomatosis [175] and is one of the 
key factors for the maintenance of pluripotency 
in stem cells. Its expression is required for induc-
ing stem cells to differentiate toward the neural 
lineage, and, consequently, SOX2 may play a key 
role in the pathogenesis of gliomatosis peritonei 
[181]. Thus, GP would constitute a peritoneal 
change in response to growth factors secreted 
from teratoma or macrophages.

While an implantative origin from ovarian ter-
atoma remains the more probable mechanism in 
most cases, metaplastic glial differentiation from 
peritoneal stem cells could explain cases of GP 
with a monomorphic astrocytic cell population, as 
well as those associated with endometriosis [186].

6.3.1.4  Immunohistochemistry
The main role of immunohistochemistry in these 
otherwise diagnostically straightforward tumors 
lies in identifying features relevant to grading that 
may be not conclusively recognized with hema-
toxylin eosin stains. This could be achieved by 
distinguishing various tissue components as well 
as their degree of immaturity [96]. Identification 
of neural areas can be complemented by charac-
teristic neural makers such as glial fibrillary acidic 
protein, nestin, and others. In immaturity assess-
ment, SALL4 (Fig. 6.15a) is expressed in imma-
ture components that may be present in grade 3 
tumors, not being expressed in lower grades. On 
the other hand, SOX2 is only expressed in imma-
ture neural areas (Fig. 6.15b), while any of the 
endodermal markers used in diagnosis of YST 
(AFP, GPC3, villin, HepPar-1, CDX2, etc.) would 
be expressed in immature endodermal areas. It is 
worth remembering that GPC3 is also expressed 
in neuroepithelium and could highlight both 
endo- and neuroectodermal components. A com-
bination of SALL4, SOX2, and markers such as 
villin, AFP, and GPC3 will manifest both imma-
ture endodermal and neural areas and facilitate 
semiquantitative grading. Finally, SOX2 marking 
is particularly useful in the demonstration of the 
rare PNET overgrowths of teratoma, including 
glioma arising from gliomatosis peritonei [181].

In some grade 3 tumors, we have identified [105] 
focal solid areas with an EC  immunophenotype, 
coexpressing OCT4, SOX2, and CD30 (Fig. 6.16a, 

a
a
b

Fig. 6.15 Immunohistochemical support for diagnosis of immature areas of IT. SALL4 stains diffusely all immature 
elements (a), while SOX2 (b) only highlights immature neural areas
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b), which would represent the stem cell population 
of some IT. In these unusual cases, EC-like areas 
are not associated with the usual admixture of tumor 
types present in testicular- type mixed GCT but may 
develop into organoid structures of embryoid bod-
ies (Fig. 6.17) [28]. This finding may explain reports 
of OCT4 positivity in IT [187].

6.3.2  Mature Teratomas

The most frequent GCT in females represent the 
final stages of multidifferentiation of a partheno-
genetically induced germ cell [7, 188] after meio-
sis I [189]. These fascinating ovarian tumors are 
capable of reproducing practically any adult tis-
sue and organ, even replicating a rudimentary 
external human form (fetiform teratoma).

Ovarian teratomas that can also originate from 
supernumerary ovaries [190] present with fully 
differentiated tissues with a cystic appearance 
(dermoids) and are only rarely solid or macro-
scopically similar to IT. Mature cystic teratomas 
(MCT) constitute the most common ovarian 
tumor in the young and, consequently, are preva-
lent in countries with a young average popula-
tion. They can be diagnosed at any age but only a 
small proportion is found in postmenopausal 
women. Familial incidence, including presenta-
tion in identical twins, is rare [191–193].

6.3.2.1  Clinical Features and Treatment
They present with the usual symptoms of abdom-
inal mass, mostly when they are associated with 
pregnancy. Preoperative diagnosis is usually per-
formed due to their characteristic ultrasound and 
MRI appearances [193].

Torsion seems to be the most frequent compli-
cation of MCT. In rare cases it may lead to ampu-
tation and eventual parasitic implantation of tumor 
in the abdominal cavity. During pregnancy, MCT 
may be a mechanical obstacle to uterine expansion 
and delivery and cause ectopic pregnancies. 
Rupture, either spontaneous or iatrogenic, is rela-
tively uncommon but may produce granulomatous 
serositis and hemoperitoneum. Rupture may be 
followed by fistulization into adjacent organs. 
Exceptional cases of peritoneal melanosis may be 
associated with chronic hemorrhagic spillage of 
pigmentary substances including melanin from the 

a b

Fig. 6.16 Rare foci of embryonal carcinoma-like areas (a) in high-grade IT. The cellular, fenestrated areas that coexist 
with neural elements (right) coexpress OCT4 (b) as well as CD30 and SOX2

Fig. 6.17 Isolated embryoid found in a high-grade IT

F.F. Nogales and M. Schuldt



221

MCT. As any other tissue, it may harbor various 
infectious bacteria or parasites.

MCT may associate with generalized autoim-
mune disorders triggered by various components 
of the cyst; hemolytic anemia, dermatomyositis, 
polyarthritis, pruritus, urticarial vasculitis, etc. 
are occasionally reported. All symptoms disap-
pear after removal of the teratoma. However, the 
most frequently reported autoimmune complica-
tion of MCT is limbic encephalitis with antibod-
ies against N-methyl-D-aspartate receptor 
(NMDAR). This rare, often fatal, form of enceph-
alitis has psychiatric symptoms, particularly psy-
chosis, and was first reported in 2005 [194–196]. 
It has now become a clinically recognizable dis-
ease, diagnosed by the presence of anti-NMDAR 
antibodies in the cerebrospinal fluid, only treat-
able with removal of the ovarian teratoma and 
subsequent immunosuppressive treatment [197]. 
More than half of the ovarian teratomas reported 
in association with anti-NMDAR encephalitis are 
MCT, while a quarter of them correspond to 
IT. Although also associated with teratomas of 
other organs, the lower frequency of teratomas in 
extraovarian locations and the smaller proportion 
of neural tissues present in them would partly 
explain their rarity. Often, MCT in this syndrome 
are small and thus difficult to diagnose by ultra-
sound [198], making higher resolution MRI 
 studies necessary. A similar autoimmune phe-
nomenon, but without systemic consequences, 
occurs in teratoid thyroid tissue, where 
Hashimoto’s thyroiditis has been reported.

Endocrine symptoms may be associated with 
the presence of functioning endocrine glands 
developed in teratomas. Examples include 
hypophysis able to develop pituitary adenomas, 

Complications References Frequency

Virilization [254–257] RR

Hyperestrogenism [258, 259] RR

Other complications

Migraine
Peptic ulcer in gastric 
tissue
Metastases to teratoma

[260]
[232, 261, 
262]
[263]

RR
RR
RR

Key: FR frequently reported, RR rarely reported, (a) often 
with disappearance of symptoms after tumor removal

Table 6.3 Clinical complications in mature teratoma

Complications References Frequency

Torsion [153, 200] 3–16 %

Amputation [201–203] RR

Parasitic implantation [204–207] RR

Associated with pregnancy [208–210] 10 %

Torsion [208, 
211–213]

FR

Ectopic pregnancy [209, 210] RR

Incarceration [214] RR

Prolapse [214] RR

Dystocia and rupture [215] RR

Recurrence after surgery [216–218] 3–4 %

Neoplastic degeneration see Table 
6.5 [28, 
219, 220]

0.2–2 %

Rupture and consequences 
(spontaneous or iatrogenic)

[153, 221, 
222]

<1 %

Chemical peritonitis and 
granulomatous serositis

[223–225] RR

Fistulization and 
perforation into adjacent 
organs (rectum, small and 
large bowel, urinary 
bladder)

[226–229] RR

Hemoperitoneum [230] RR

Peritoneal melanosis 
(melanin)
Peritoneal melanosis (iron 
compounds)

[231]
[232]

Infections

Salmonella [233, 234] RR

Actinomyces [235] RR

Schistosoma [236] RR

Filaria [237] RR

Autoimmune disorders(a)

Hemolytic anemia [238, 239] RR

Dermatomyositis [240] RR

Polyarthritis [241]

Generalized pruritus [242] RR

Exercise-induced urticarial 
vasculitis

[243] RR

Limbic encephalitis with 
anti-NMDR antibodies

[194, 197, 
198, 244, 
245]

RR

Hashimoto thyroiditis [246, 247] RR

Hormonal secretion

Hyperprolactinemia [248, 249] RR

Hypercalcemia [250] RR

Hyperthyroidism [251, 252]

Cushing’s syndrome [253] RR
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producing Cushing’s syndrome or hyperprolac-
tinemia. Hypersecretion of androgens is not 
unusual and is related, not to the teratoid tissues 
themselves but to the induced ovarian stromal 
cells at the periphery of the expanding mass 
(peripheral luteinization).

Other rare complications include metastases 
of breast tumors to teratoma.

Treatment must take into account the future 
fertility of the patient, with preservation of ovar-
ian tissue and limitation of the risk of adhesion 
formation [199]. Laparoscopic treatment has less 
postoperative complications and morbidity than 
oophorectomy, but, on the other hand, it may pro-
duce spillage into the abdominal cavity and sub-
sequent adhesions. Furthermore, incomplete 
resections of multifocal tumors may lead to 
recurrence, which can occur in up to 4 % of cases, 
especially in rare multiple tumors within the 

ovary. A comprehensive summary of reported 
complications (except malignant transformation) 
occurring in MCT is shown in Table 6.3.

6.3.3  Pathology

6.3.3.1  Macroscopy [153]
Bilaterality occurs in 15 % of cases and not infre-
quently contralateral ovaries harbor small, occult 
MCT. Rarely, tumors are multifocal in the same 
ovary [264]. Average size is 8 cm, although it 
may vary remarkably, the record size being 
awarded to a 42 kg tumor [265]. Tumors are 
round or ovoid with a prominent vascular net-
work and have a smooth capsule with occasional 
adhesions. Their consistency immediately after 
excision is fluid becoming doughy at room tem-
perature. Tumors are usually cystic and contain 
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Fig. 6.18 Unusual macroscopic findings in mature cystic 
teratomas. Hair and sebum aggregate to form “golf balls” 
(a) or “jelly beans” (b). (c) This rare hairy teratoma repli-

cates the illustration of the first description of a teratoma: 
Johannes Sculteto: Trichiasis admiranda siue morbus 
pilaris mirabilis noribergae (Nürnberg, 1658)
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yellow sebum mixed with hairs in 98 % of cases; 
only on rare occasions are they predominantly 
solid. Sometimes the sebum becomes aggregated 
in sebum and hair spheroids (“golf balls” or “jelly 
beans”) (Fig. 6.18a, b) that have a peculiar MRI 
appearance [266]. Infrequently, contents are 
exclusively fluid: serous, mucinous, or resem-
bling cerebrospinal fluid. The wall is usually 
elastic, although irregular calcified plaques can 
be present in older patients.

A dermoid protuberance, often named in the 
older literature after Wilms or Rokitansky, is 
found in 87 % of cases. Although singular in 
most instances, multiple protuberances can occur. 
Hairs may constitute the main bulk of cystic con-
tents (Fig. 6.18c), and although their color is 
often unrelated to that of the patient, they may 
become gray with age. Teeth are found embedded 
in the protuberance, usually in groups of two or 
three, but up to more than 300 teeth have been 
counted in a single specimen [267]. Only seldom 
are they set in a well-formed mandible sur-
rounded by gingiva [268]. The teeth are of per-
manent type, usually canines, incisors, or molars, 
and are often dysplastic [269].

Unusual macroscopic findings include ever-
sion of the inner lining of the cyst [270]. Highly 
organized structures resembling fetuses (feti-
form teratoma) [271] may be found within cysts, 
and some may even have metameric, axial, and 
symmetrical organization [272] with nails, ver-
tebral bodies, lung, limbs, and even external 
genitalia [273], thus deserving the name of 
homunculus, latin for little man (or perhaps bet-
ter muliercula: little woman, taking into account 
the presence of female external genitalia in 
some tumors) [273, 274].

6.3.3.2  Microscopy [153]
Typically, the inner surface of the cyst is lined by 
epidermis and skin adnexa which desquamate 
into the lumen. Most tissues are found within the 
protuberance and mostly reproduce those corre-
sponding to the rostral part of embryos. They are 
haphazardly mixed, although an attempt to main-
tain a tissue relationship similar to that found in 
adult organs (polarity of growth) is frequent: 
bronchi lined with respiratory epithelium with 
bronchial-type glands and cartilage, intestinal, or 
gastric mucosa with corresponding layers and 

even harboring Cajal’s cells as pacemarkers in 
the muscle. Teeth buds imitate normal odonto-
genesis and thyroid tissue is often in proximity to 
thymus. Practically any type of tissue except per-
haps gonads or adrenal has been reported. 
Relative percentages of tissues and various curi-
osities are shown in Table 6.4, and the presence 
of some unusual tissues is depicted in Fig. 
6.19a–k.

Table 6.4 Tissues or organs found in mature teratomas

Tissues/organs Reference Frequency

Skin [210] 98.9 %

Adnexa [210] 92.9 %

Pituitary [253, 275, 276] RR

Eye structures [210]

Breast incl. lactation [279, 280] RR

Melanocytes [210] 14.8 %

Langerhans cell [210]

Adipose tissue [210] 29.9 %

Brown fat Fig. 6.19d [210] RR

Smooth muscle [210] 30.3 %

Cartilage [210] 30.3 %

Bone [210] 0.7 %

Kidney [282] RR

Hematopoietic marrow [210] RR

Prostatic tissue [283–286] RR

Male sex glands Fig. 6.19e RR

Thymus Fig. 6.19f [287] RR

Corpora cavernosa Fig. 6.19g

Respiratory epithelium [210] 31.0 %

Schneiderian epithelium Fig. 6.19h RR

Gastrointestinal, general [210] 19.7 %

Intestinal segments [288, 289] RR

Stomach [261, 262, 290] RR

Cajal cells [291, 292] RR

Thyroid [210] 8.1 %

Teeth [267] 12.7 %

Glia [210] 39.9 %

Microglia [293] RR

Ependyma [210] 8.8 %

Neurons [210] 7.0 %

Choroid plexus [210] 4.9 %

Leptomeninges [210] 3.8 %

Peripheral nerves [210] 27.5 %

Sympathetic ganglia [210] 9.5 %

Schwann cells [210] 1.9 %

Cerebellum [294–296] RR

Neurohypophysis [210] 0.6 %
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Functioning luteinized stroma, occasionally 
associated with virilization [256], may occur in the 
ovarian tissue at the periphery of the cysts [257].

Ageing of the various tissue components is 
mainly reflected in degenerative phenomena of the 
nervous tissue, such as microcalcification, micro-
cystic degeneration, gliosis, and gemistocytic 

change (Fig. 6.19i); Rosenthal fibers (Fig. 6.19j) 
may also occur [297] and are possibly related to an 
impaired vascular supply. Chronic lymphocytic 
inflammation of neural structures has been related 
to autoimmune anti-NMDAR encephalitis [28].

Reactive phenomena, such as a foreign body 
reaction to keratin and hair as well as an oleo-

Fig. 6.19 Unusual tissues in mature cystic teratoma. (a) 
Retinal structures may simulate the immature neural 
tubules of IT. (b) Conjunctival epithelium, (c) breast lob-
ules, (d) fetal fat, (e) PSA-positive prostate, (f) vascular 

structures similar to corpora cavernosa, (g) thymus, (h) 
Schneiderian epithelium, (i) gemistocytic transformation 
of astrocytes, (j) Rosenthal fibers, and (k) well-formed 
cerebellum
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granulomatous response to sebum, are often fre-
quent in older patients although they may occur 
at any age. When prominent, they may efface 
teratoid tissues and only stable structures such as 
hair or bones remain. In the tumor wall, mesovar-
ium and mesosalpinx, cystoid oleogranulomas 
occur and represent an indirect, but pathogno-
monic, sign of the presence of a neighboring tera-

toma [153]. Coagulative necrosis, unrelated to 
torsion, is rare and in one instance [198] has 
occurred in relationship with autoimmune anti- 
NMDAR encephalitis. Myospherulosis, as a 
response to oleous contents, develops occasion-
ally in surrounding tissues [298]. A summary of 
reported secondary lesions in MCTs is shown in 
Table 6.3.

i j
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Fig. 6.19 (continued)
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6.3.3.3  Secondary Neoplasms Arising 
in Mature Teratomas

The presence of secondary tumors developing 
from the differentiated tissues of MCT is a phe-
nomenon that occurs in the ovary in a much higher 
proportion than in teratomas of any other location 
(see Chap. 12). Mature teratoid tissues can poten-
tially develop into any tumor type found in the 
adult. Malignant change occurs in patients in the 
fifth and sixth decades in 1.5–3 % of MCT [220, 
299], often being related to senescence of the tera-
toid tissues, although neoplasms typical of child-
hood, such as primitive neuroectodermal tumors, 
may also occur. Local factors are possibly involved 
in tumorigenesis, as there are neither associated 
multicentric tumors in the rest of the female geni-
tal tract nor simultaneous malignant change in 
cases of contralateral mature cystic teratomas, the 
only exception being bilateral mucinous tumor 
associated with bilateral teratomas [300].

Squamous cell carcinomas constitute the over-
whelming majority of secondary tumors in older 
patients. Due to their relative rarity, they are sel-
dom diagnosed preoperatively on imaging work-
ups. It has been proposed that elevated serum 
markers of SCC (squamous cell carcinoma anti-
gen) and CA19.9 may be helpful in diagnosis and 
even in staging of the tumor [301]. At the time of 
diagnosis, the tumor often extends beyond the 
ovary adherent to pelvic organs in over half of 
cases and ascites is present [302]. Omental, lymph 
node, and distant metastases are frequent. Due to 
their advanced stage at the time of diagnosis and 
their resistance to chemo- or radiotherapy, sur-
vival is poor [220, 299].

Macroscopy
The usually unilateral cysts show irregular, thick-
ened, or ulcerated plaques and/or fungating intra-
cavitary growths. Since they involve 
postmenopausal women, any teratoma in this age 
group warrants extensive sampling, especially 
when necrosis, hemorrhage, or thickened or pig-
mented areas (Fig. 6.20a, b) are present.

Microscopy
Squamous cell carcinoma is the most common 
histologic type of secondary malignant tumor 

found in MCT. Most originate from the epider-
mis, as demonstrated by the presence of in situ 
lesions (Fig. 6.20c) [153], but are not related to 
human papilloma virus. An origin from broncho-
genic structures is also contemplated. A squa-
mous papillomatous pattern (Fig. 6.20d), 
reminiscent of a schneiderian papilloma of the 
upper respiratory tract, should be differentiated 
from a proliferative Brenner tumor.

Differential diagnosis from rare primary squa-
mous cell ovarian carcinomas [303], either of 
pure histological type or associated with endo-
metrioid lesions or Brenner tumor, should be 
made if teratoid structures are not found after 
extensive sampling. Squamous cell carcinoma 
often invades the capsule and lymphatic vessels 
and has a poor prognosis (Fig. 6.20e).

Benign, malignant, and borderline intestinal- 
type mucinous tumors [300, 304] originating 
from mature teratoma exhibit well-differentiated 
intestinal epithelium and are often associated 
with pseudomyxoma ovarii (Fig. 6.20f). A recent 
study [106] has demonstrated the homozygosity 
of these tumors, suggesting that ovarian intestinal- 
type mucinous tumors may have a teratoid origin. 
Those showing appendiceal-type histology [305] 
may associate with a form of pseudomyxoma 
peritonei less aggressive than that originated in 
appendiceal tumors. Immunohistochemically, 
these tumors show a variable expression of CK20 
and 7. In mucinous cystadenomas, a CK7+/
CK20− phenotype occurs as commonly as a 
CK7−/CK20+ phenotype [300], being diffusely 
CK20 positive in over a third of cases and, more 
often, only focal or partially positive [304]. 
Borderline or malignant mucinous tumors tend to 
have a lack of expression of cytokeratin 7 [300]. 
Mucin (Muc) family antibodies, although often 
nonspecific, may be helpful in establishing an 
origin from teratoid tissues [306].

Melanoma (Fig. 6.20b). Although most ovar-
ian melanomas are metastatic in nature, origin 
from teratoid tissues may occur, representing one 
of the rarest origins of metastatic melanoma. The 
only series dealing with ovarian melanoma 
 originating in teratoma [307] revealed a wide age 
range from 18–72 years. All were unilateral and 
histologically showed large epithelioid cells with 
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eosinophilic cytoplasm, small cells, spindle- 
shaped cells, or a combination of these. Melanin 
pigment was not always present, but their mela-
nocytic nature was shown by electron micro-
scopic demonstration of melanosomes and 
positivity for one or more melanocytic markers.

Potentially, practically any tumor pattern found 
in adults and children can occur in the tissues of a 
mature teratoma. An updated list of reported sar-
comas, cutaneous, neural, and miscellaneous 
tumors, and their rare combinations is presented in 
Table 6.5.

Fig. 6.20 Secondary tumors in teratoma. Squamous cell 
carcinoma presenting as a thickened wall in a cystic tera-
toma (a). Pigmented lesion in a teratoma that corresponded 
to a malignant melanoma (330) (b). Surface squamous cell 
carcinoma (c) in teratoma with early invasion (d). A squa-
mous papillary growth simulating Schneiderian papilloma 

(e). Stromal and vascular invasion by squamous cell carci-
noma (f). Intestinal mucinous overgrowth in teratoma with 
pseudomyxoma ovarii. Pilomatrixoma in an ovarian tera-
toma (g) with coexisting neural tissues (right). Sebaceous 
carcinoma (h) in teratoma, positive for adipophilin (i). A 
calcified growth corresponding to an odontoma (j)

a

b
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Table 6.5 Benign and malignant somatic tumors arising 
in mature cystic teratoma

Tumor type References

Squamous cell carcinoma 
(80–97 %)
Cutaneous (including in situ 
lesions)

[219, 220, 308, 
309]

Small cell type squamous 
carcinoma

[220, 310–312]

Adenosquamous variants [313, 314]

Bronchogenic [315]

Adenocarcinomas (7 %) [219, 316]

Intestinal type [106, 304, 
317–319]

Respiratory type [316]

Prostatic [320, 321]

Breast or adnexal [322]

Other skin and adnexal tumors
Extramammary Paget’s disease [323–326]

Malignant melanoma (0.2–1.8 %) [307, 309, 
327–330]

Basal cell carcinoma [219, 331]

Pilomatrixoma (Fig. 6.20g) [332]

Sebaceous adenoma and 
carcinoma (Fig. 6.20h, i)

[333, 334]

Sweat gland adenocarcinoma [335, 336]

Blue nevus [337]

Junctional activity or benign nevi [338–340]

Sarcomas (7 %) [219]

Fibrosarcoma [341, 342]

Leiomyosarcoma [343]

Osteosarcoma [344, 345]

Chondrosarcoma [346, 347]

Angiosarcoma [348, 349]

Rhabdomyosarcoma [350]

Malignant fibrous histiocytoma [351]

Spindle cell sarcoma [352]

Neurogenic tumors
Meningioma [353, 354]

Paraganglioma [355, 356]

Glioblastoma [357–359]

Ependymoma [360, 361]

Oligodendroglioma [362, 363]

Pilocytic astrocytoma [364]

Medulloblastoma [365, 366]

Neuroblastoma [367, 368]

Neuroectodermal primitive tumor [369–371]

Ganglioneuroma [293]

Neurocytoma [372]

Choroid plexus papilloma [373]

Miscellaneous
Low grade mucinous tumors [374, 375]

Non-Hodgkin lymphoma [376, 377]

Tumor type References

Pulmonary papillary adenoma like [378]

Small cell carcinoma pulmonary 
type

[379, 380]

Neuroendocrine carcinoma [380–383]

Carcinoid [372, 384–386]

Clear cell carcinoma NOS [219]

Transitional cell carcinoma [344]

Salivary gland type carcinoma [210]

Undifferentiated carcinoma [219, 342]

Schneiderian papilloma (Fig. 
6.20d)

[220, 299, 387]

Odontoma (Fig. 6.20j)

Chordoma [388]

Glomus tumor [389]

Combinations
Squamous cell Ca and sarcoma 
(spindle cell squamous carcinoma)

[344, 390, 391]

Squamous cell Ca. and carcinoid [390, 392]

Brenner tumor and struma ovarii [393]

 Monodermal (Monophyletic) Teratomas
This imprecise term refers to tumors revealing a 
one-sided differentiation of a tissue not native to 
the ovary, derived from one of the germ cell lay-
ers, usually ecto- or endoderm, since the ovary is 
an organ of mesodermal derivation. Thus, tumors 
originating from tissues of mesodermal origin 
such as chondroma [394] are not included. Neither 
are those of celomic origin such as epidermoid 
cysts [395] and some rare ectopic tumor patterns 
such as ovarian extrarenal Wilms’ tumor [396], 
extra-axial ependymomas [361], hepatoid carci-
nomas [397], and PNET that may result from 
tumor stem cell univocal differentiation. The 
same would apply to rare heterologous differenti-
ations such as hepatic or intestinal areas in granu-
losa and Sertoli-Leydig cell tumors [84, 398].

Struma Ovarii (SO)
SO is a term applied to teratomas which contain 
thyroid tissue as the unique or predominant com-
ponent, usually 50 % or more. SO occurs in an 
older age group than simple MCT and presents 
as an abdominal mass that is unusually associ-
ated with hyperthyroidism or pseudo Meigs’ 
syndrome [399, 400]. The great majority of 
cases are benign. Malignant change is uncom-
mon but may represent a challenge in the under-
standing of its clinical behavior and treatment. 
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Ultrasonographic findings are nonspecific, usu-
ally revealing a heterogeneous, predominantly 
solid mass [401].

Macroscopy
Most cases are unilateral and associated with tera-
toma and can reach up to 20 cm in size, although a 
small SO is not an unusual incidental finding (Fig. 
6.21a). Larger tumors often have a pure thyroidal 
histology and may be malignant. Tumors are well 

encapsulated and multicystic and their contents 
are usually brown or green colloid. Rarely, they 
may present as a unicystic tumor that is only diag-
nosed in the microscopic study (Fig. 6.21b, c).

Microscopy
Thyroid tissue is readily identified with colloid- 
filled cystic follicles grouped in nodules. The full 
range of microscopic changes seen in the eutopic 
thyroid including microfollicular, solid, tubular, 

a b
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Fig. 6.21 Struma ovarii. (a) Cystic struma with colloid contents. Thyroidal lining is reduced to a single cell line (b) 
positive for TTF-1 (c). Pseudopapillary (d), Hürthle cell (e), and mucinous (f) changes
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trabecular, Hürthle cell, pseudopapillary and 
mucinous [305] changes (Fig. 6.21d–f), hyper-
plasia, atrophy, lymphocytic infiltration, etc. can 
be present in the teratomatous thyroid. Cases 
exhibiting densely packed cellular follicles or 
pseudopapillary change have been termed prolif-
erative struma [399], and although benign, they 
represent the main differential diagnosis with 
histologically malignant struma. Luteinized stro-
mal cells are not uncommon in the periphery.

The enigmatic association with Brenner tumor 
(Fig. 6.22a, b) [402, 403] and mucinous cystade-
noma suggests that, in these cases, the urothelial 
and mucinous components so intimately admixed 
with thyroid tissue would represent a combina-
tion of teratoid endodermal tissue differentiations 
rather than a coincidental association of a com-
mon epithelial neoplasm with teratoma.

The pathology of malignant SO parallels that 
of thyroid carcinomas [399, 404, 405]. Papillary 
carcinomas of both classic, tall cell, and follicu-
lar variants (Fig. 6.23a–e) are the most frequent, 
and they should be differentiated from prolifera-
tive struma using the same criteria applied in the 
eutopic thyroid to differentiate between papillary 
carcinomas of follicular variant and hyperplastic 
nodules (ground glass nuclei, vascular invasion 
(Fig. 6.23f), etc.) [399, 405]. True follicular 
 carcinomas are unusual and poorly differentiated 
carcinomas (Fig. 6.23d, e) are even more infre-
quent. It must be borne in mind that true medul-
lary carcinomas do not occur in the ovary, their 
closest histological relative possibly being repre-
sented by strumal carcinoid.

Malignant SO are usually large masses mea-
suring over 10 cm in size, often with adhesions 
and ascites. Their behavior is indolent, with a 
good survival rate at both 10 (89 %) and 25 years 
(84 %) [406]; extraovarian spread or recurrences 
rarely develop. The hormonal milieu of preg-
nancy apparently may provoke more aggressive 
behavior [405, 407]. Slow growing peritoneal 
implants, previously called benign strumosis, are 
only examples of well-differentiated metastases. 
Histologically, both a papillary  pattern and a poor 
degree of differentiation are associated with a 
more aggressive course [406].

The expression of specific markers such as 
thyroglobulin (Fig. 6.23e) and thyroid transcrip-
tion factor-1 (TTF-1) is useful in identifying the 
thyroidal nature of the neoplastic tissue in cases 
when it is difficult to recognize, such as the thin 
cuboidal lining of the cavity of cystic SO 
(Fig. 6.21b, c) and in solid, poorly differentiated 
thyroid carcinomas with minimal follicular for-
mation. These markers also help in establishing a 
thyroidal phenotype in the differential diagnosis 
with other ovarian tumors with tubular or trabec-
ular arrangement, such as Sertoli-Leydig cell and 
carcinoid tumors.

Classic papillary carcinoma is a relatively 
straightforward diagnosis, but the more complex 
diagnosis of the follicular variant of papillary 
carcinomas may be facilitated by the expression 
of HMBE-1 and CK19 positivity [408]. BRAF 
point mutations of the type commonly observed 
in papillary carcinomas of the eutopic thyroid 
have also been reported in malignant struma 
[407, 409].

Histologic diagnosis of malignancy occurs in 
most cases without any evidence of extraovarian 
spread. In these, a conservative approach with 
salpingo-oophorectomy and analysis of thyro-
globulin serum levels to exclude occult disease is 
advised [399, 404, 405]. Postoophorectomy 
treatment should follow similar protocols to 
those used in eutopic thyroid carcinoma, poten-
tially including thyroidectomy or radioiodine 
ablation, and hormonal suppressive therapy. 
Long-term follow-up for both metastases and 
abdominal recurrences can be accomplished by 
serial serum thyroglobulin measurements and 
radioiodine scans [410].

Fig. 6.22 Mixed Brenner tumor and struma. Brenner 
nests are intimately admixed with thyroid follicles
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6.3.3.4  Carcinoid Tumors
Ovarian carcinoids are infrequent, well- 
differentiated neuroendocrine tumors with 
restricted malignant potential and a good long- 
term prognosis. They are often unilateral and 
small and coexist with mature cystic teratoma 
(57–80 %), although in 15–42 % of cases [411, 

412], tumors are larger and not associated with 
teratoma. Neoplasms have a heterogeneous mor-
phology, with various neuroendocrine differenti-
ations of embryonal fore-, mid-, and hindgut, 
often coexisting in the same neoplasm [305]. 
Each predominant histologic subtype presents a 
relatively characteristic clinicopathologic profile. 
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Fig. 6.23 Malignant struma ovarii. Papillary carcinoma 
in SO (a). Rare cases may exhibit a tall cell pattern (b). 
Follicular variant of papillary carcinoma with characteris-

tic nuclei (c). Poorly differentiated thyroid carcinoma (d) 
with a patchy expression of thyroglobulin (e). Vascular 
invasion (f) in malignant struma
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On a histological basis alone, they are similar to 
carcinoids metastatic to the ovary, from which 
they should be differentiated, since they have a 
different prognosis.

Histologically, the following carcinoid pat-
terns are present in the ovary:

 (a) The most frequent insular patterns of midgut 
type.

 (b) Trabecular patterns of fore- and hindgut type 
that have in some series a similar frequency 
to insular carcinoids [411] but in others [28] 
are considered less common than strumal 
carcinoid.

 (c) Rare mucinous carcinoids, similar to appendi-
ceal adenocarcinoids (goblet cell carcinoids).

 (d) A combination of thyroid tissue with trabec-
ular or insular variants: strumal carcinoid. 
This peculiar tumor is exclusive to the ovary, 
not found in the testis or in any other GCT 
location and different from medullary carci-
noma of the thyroid.

 (e) Metastatic carcinoids from the gastrointesti-
nal tract differ from primary carcinoids by 
their monomorphic pattern; the absence of 
accompanying teratoid tissues; their bilat-
eral, multinodular ovarian involvement; and 
frequent vascular and peritoneal invasion. 
Clinically, the age distribution of patients 
with ovarian carcinoid is similar to that of 
those with secondary neoplasms originating 
in mature teratomas, and, in most cases, 
symptoms are nonspecific. Rare functioning 
cases may present with Cushing’s and hyper-
insulinism syndromes secondary to ectopic 
ACTH or insulin secretion by ovarian carci-
noid [103, 386] as well as an association with 
other neuroendocrine tumors in multiple 
endocrine neoplasia I syndrome [360].

Up to a third of cases are associated with car-
cinoid syndrome [413], which is more frequent in 
patients with large insular carcinoid tumors  and/
or metastatic disease [411]. In the absence of 
hepatic involvement, carcinoid syndrome may 
occur by a direct release of vasoactive substances 
into the systemic circulation bypassing the liver. 

Its symptoms include flushes, diarrhea, wheez-
ing, cramping, pruritus, etc. Late-onset, right- 
sided congestive heart failure related to tricuspid 
fibrosis can occur, which in rare cases may 
resolve after tumor removal [414]. Massive 
medial hypertrophy of the ovarian drainage vein 
has also been reported [415]. Carcinoid syn-
drome occurs more frequently in association with 
insular, midgut-type carcinoids, less so with 
strumal carcinoid, where it may be associated 
with constipation [416] and rarely, if ever, with 
trabecular [411] and mucinous carcinoids [28].

Macroscopically, tumors are unilateral, 
although they may be associated with MCT or 
mucinous cystadenoma in the contralateral ovary. 
Often, carcinoids are found as nodular growths in 
a teratoma (Fig. 6.24a) or, less frequently, as uni-
form solid masses. They are only rarely discov-
ered as incidental microscopic findings in a 
MCT. On cut section, tissue is firm and tan or 
yellow; mucinous microcysts may be present. An 
association with both benign and malignant ovar-
ian mucinous tumors [417] has been reported.

Microscopically, insular carcinoid is a midgut 
carcinoid constituted by anastomosing sheets and 
nests of uniform, non-mitotic regular cells with 
salt and pepper nuclei arranged in gland-like or 
acinar formations (Fig. 6.24b) that may contain 
proteinaceous or calcified material. A granular, 
chromogranin positive, cytoplasm is usually evi-
dent in most cells and is prominent at the periph-
ery (Figs. 6.24c, d). Luteinized stromal cells are 
often present in the pushing margins. Their dif-
ferential diagnosis includes adult granulosa, 
Sertoli-Leydig cell, and Brenner tumors.

Trabecular carcinoids are arranged in bland 
uni-or bicellular ribbons of cylindrical cells with 
clear cytoplasm (Fig. 6.24e) in a background of a 
dense stroma. Granules are not prominent. 
Sertoli-Leydig cell tumors with a trabecular pat-
tern should be considered in the differential 
diagnosis.

Primary mucinous (goblet cell) carcinoid is 
composed of small glands, cords, or nests populated 
by varying proportions of goblet and granular cells. 
Mucin pools are present in the stroma. When not 
associated with other mature teratoid components, 
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they are indistinguishable from metastases from an 
appendiceal mucinous carcinoid [418]. A histologic 
spectrum, ranging from well-differentiated to atypi-
cal crowded or microcystic glands to openly malig-
nant goblet cell carcinoma (Fig. 6.24f) with 

angioinvasive features, is found (Fig. 6.24g) [419]. 
Mucinous glands lined by goblet cells (Fig. 6.24h) 
are often focally present in various types of ovarian 
carcinoid and should not be considered as mucinous 
carcinoid [28].

Fig. 6.24 Ovarian carcinoids. Characteristic gross 
appearance of carcinoid originating from teratoma (a). 
Tumor is tan colored. Insular pattern (b) with gland-like 
spaces. Insular carcinoid with prominent granular cyto-
plasm at the periphery (c), expressing chromogranin (d). 
Trabecular carcinoid (e). Adenocarcinoid with compact 
granular areas coexisting with chords of goblet cells (f). 

Vascular invasion in the lung (g) in a patient with ovarian 
mucinous carcinoid. Trabecular carcinoid with colonic- 
type mucinous glands (h). Strumal carcinoid (i) with thy-
roid tissue (left), trabecular carcinoid (center), and 
appendiceal-type mucinous epithelium (bottom right). 
Strumal carcinoid: trabecular areas coexist with abortive 
follicles (j)
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Strumal carcinoid shows an intimate admix-
ture of thyroid colloid-containing follicles and 
trabecular carcinoid (Fig. 6.24i, j), although 
insular carcinoid nests and, more commonly, 
mucinous glands with interspersed neuroendo-
crine cells can also be present. Notable differ-
ences with medullary carcinoma of the thyroid 
include the fact that strumal carcinoid is almost 
invariably benign, rarely secretes calcitonin, or 
has an amyloid stroma. In the rare event of 
metastases, it may do so as carcinoid [258] and 
exceptionally as follicular carcinoma [420]. The 
frequent mucinous component can be appendi-
ceal type and may be associated with pseudo-
myxoma peritonei [305].

Rare primary neuroendocrine carcinomas of 
the ovary are usually of large cell type and are not 
associated with teratoma. Their germ cell origin 
is questionable. They should be differentiated 
from small cell pulmonary type neuroendocrine 
carcinomas that originate from MCT [380].

6.3.3.5  Immunohistochemistry
Immunohistochemically, each histologic variant 
of ovarian carcinoid has a relatively characteristic 
ultrastructure and neuroendocrine immunophe-
notype. Insular carcinoid shows pleomorphic 
neurosecretory granules, which, in contrast, are 
rounded and uniform in trabecular carcinoid. 
Strumal carcinoid may show a hybrid (amphic-
rine) phenotype displaying thyroidal and neuro-
endocrine features [421] including the expression 
of TTF-1 in follicular areas. All carcinoids 
express chromogranin-A, synaptophysin, and 
CD56 in varying amounts, as well as, specifi-
cally, neuropeptides such as YY, calcitonin, sub-
stance P, insulin, etc. but rarely have any 
hormonally functioning activity. Prostate-specific 
acid phosphatase may be expressed by trabecular 
strumal carcinoids. CDX2 positivity has been 
considered a discriminating factor between 
metastases from gastrointestinal and primary 
 carcinoids, being overexpressed in metastases 

g h

i j

Fig. 6.24 (continued)
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and only weakly positive in ovarian, teratoma- 
associated primaries [412].

6.4  Mixed Germ and Sex Cord- 
Stromal Cell Tumors

Simultaneous growth of primitive sex cord and germ 
cells occurs in two well-defined histo- and clinico-
pathologic entities: gonadoblastoma and mixed 
germ cell-sex cord-stromal tumor (MGC-SCST).

6.4.1  Gonadoblastoma (GB)

GB [422] is a benign lesion that is, however, a 
precursor of primitive GCT. It characteristically 
involves gonads of patients with DSD which 
genetically contain the gonadoblastoma locus on 

the Y-chromosome (GBY), responsible for the 
testis-specific protein Y-encoded-1 (TSPY-1) 
[423]. In these patients, mutations or deletions of 
genes involved in the development of functional 
Sertoli cells disrupt their regulation of germ cell 
maturation, contributing to the maintenance of 
pluripotency features in the germ cells with a cor-
responding marker expression, being identical to 
testicular GCNIS [424]. Consequently, these 
germ cells may give rise to primitive GCT, more 
often dysgerminomas and yolk sac tumors, as 
well as other type II GCT such as EC and mixed 
GCT.

Since GB almost invariably occurs in 
Y-chromosome-containing cells, it is not stricto 
sensu an ovarian (female) tumor. GB also represents 
a curious crossroads between genetic malformation 
and neoplasia. Its genetic and clinicopathologic fea-
tures are also considered in Chaps. 3, 7, and 10.

a

c d

b

Fig. 6.25 Gonadoblastoma. (a) Partly calcified nodules 
of gonadoblastoma in a streak gonad. (b) Higher magnifi-
cation of gonadoblastoma with large, atypical germ cells 

positive for OCT4 (c) coexisting with small sex cord cells. 
(d) Gonadoblastoma-like structures resembling sex cord 
tumor with annular tubules in a 15 year old girl

F.F. Nogales and M. Schuldt

http://dx.doi.org/10.1007/978-3-662-53775-6_3
http://dx.doi.org/10.1007/978-3-662-53775-6_7
http://dx.doi.org/10.1007/978-3-662-53775-6_10


237

GB is diagnosed in all age groups with an 
average age of 18 years and may occur in identi-
cal twins. Many present in virilized, phenotypic 
females [425], frequently with Swyer syndrome. 
The bilateral gonadal lesions are often an inci-
dental finding in amenorrheic patients presenting 
microcalcifications [426]. In phenotypic females, 
they occur in either streak or unknown nature 
gonads. They are often microscopic unless they 
are overgrown by primitive GCT, which may 
present in either gonad.

Microscopically, the characteristic appear-
ance is that of well-delineated insular aggre-
gates of intimately admixed germ and immature 
sex cord cells arranged in pseudofollicular 
spaces filled with an eosinophilic, hyaline mate-
rial that often becomes calcified (Fig. 6.25a, b). 
The clear germ cell component presents features 
identical to GCNIS, expressing pluripotentiality 
markers such as OCT4 (Fig. 6.25c) and SALL4, 
which contrasts with their negativity in the oth-
erwise α-inhibin-positive sex cord cells. In chil-
dren, microscopic foci of cribriform, 
microfollicular structures with eosinophilic 
contents (Fig. 6.25d) resembling sex cord tumor 
with annular tubules, but lacking germ cells, 
have been called gonadoblastoma- like struc-
tures [427]. They merely represent examples of 
abnormal folliculogenesis that involute with 
sexual maturity.

Initial overgrowth by dysgerminoma can be 
seen in discrete areas and is usually revealed by 
the presence of lymphocytic infiltrates peripheral 
to GB.

6.4.2  Unclassified Mixed Germ 
Cell-Sex Cord-Stromal Tumor 
(UMGC-SCST)

This exceptionally rare tumor was initially 
reported in the French literature [428] and later in 
English by Talerman, who coined its current 
nomenclature [429]. Due to the few reported 
cases, there is no clear profile of age, distribution, 
or clinical presentation. UMGC-SCST have been 
considered in both reviews [430–432] and in a 
few well-documented case reports [433–437].

Although this tumor occurs in both female and 
male gonads, it is much more frequent in the 
ovary. Female patients lack any DSD features 
and have a normal 46,XX karyotype, some of 
them being able to reach term pregnancies [431]. 
It is diagnosed due to the presence of an abdomi-
nal mass in girls younger than 10 years, but may 
also involve any age and only rarely presents 
with isosexual precocity [434].

Macroscopically, tumors are large and unilat-
eral [431] and only occasionally, bilateral [438].

Histologically, ovarian UMGC-SCST grow in 
a predominantly solid pattern (Figs. 6.26a, b), 
although tubular/cribriform, trabecular (Fig. 
6.26c), or haphazard, often mixed, arrangements 
can be found. All patterns show an admixture of 
sex cord cells with scanty cytoplasm and rounded 
elongated nuclei that coexist with large, atypical, 
clear germ cells of variable size, some presenting 
mitoses [432] and granular (lead shot) chromatin 
reminiscent of spermatocytic tumors (Fig. 6.26d). 
Coexistence with gonadoblastoma areas has been 
reported [439, 440].

Retiform [435, 436] and heterologous [437] 
areas are occasionally present. Similar features 
are found in Sertoli-Leydig cell tumors which, in 
their retiform variant, are primitive tumors of sex 
cord lineage that mirror early ovarian organogen-
esis, showing sex cord blastema and its connec-
tion with the primitive rete cords [441]. It is 
therefore not surprising that the earliest descrip-
tions of UMGC-SCST in the French literature 
used the term Pflügeromes [442] due to their 
resemblance to the trabecular embryonic sex 
cords described by Pflüger [443].

Immunohistochemically, their germ cells 
express pluripotentiality markers such as OCT4 
and SALL4 [430, 432] as well as other germ cell 
markers such as PLAP and CD117. 12p amplifi-
cation does not usually occur in the germ cell 
component, being present only in isolated 
instances [430]. Sex cord components character-
istically express α-inhibin.

Both pluripotential germ cell elements and 
immature sex cord components are able to 
 metastasize [434] and recur in the abdominal 
cavity [433]. Only rare cases give rise to malig-
nant germ cell tumors [444].
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6.5  Germ Cell Tumors 
Originating from Somatic 
Müllerian Neoplasms (Type 
VI GCT)

This group of rare, type VI GCT includes sec-
ondary malignant GCT growth patterns arising 
from somatic-cell-derived tumors. They likely 

originate from tumor stem cells behaving as 
induced pluripotential cells (iPSC) (see Chap. 3) 
and occur in association with neoplasms of 
Müllerian derivation, including endometriosis, 
and are not related to chemotherapy. The GCT 
patterns reproduced are exclusively non-dysger-
minomas and frequently, glandular YST. They 
occur predominantly in pre-and postmenopausal 

a b

c

d

Fig. 6.26 Mixed germ cell-sex cord-stromal tumor in a 
young girl (a), exhibiting a diffusely mixed population (b) 
of clear germ cells and sex cord elements. This trabecular 
pattern reminiscent of embryonic sex cords (c) occurred 

in a 24-year-old phenotypic female. Higher magnification 
of solid area in the same case (d). Abundant germ cells 
with nuclei exhibiting a “lead shot”·chromatin coexist 
with smaller sex cord cells with fusiform nuclei
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patients, reaching a peak in the seventh decade of 
life. Often they are diagnosed in advanced clini-
cal stages and behave aggressively. Similar 
tumors occur with a lesser frequency in the testis 
(see Chap. 7) as well as in extragonadal locations 
such as the uterus, head and neck region [445], 
stomach [446], urinary tract [109], etc. (see 
Chaps. 11 and 12).

In the WHO classification of female genital 
tract tumors [447], they are not considered a dis-
crete entity. However, although currently very 
unusual tumors, they mainly involve elderly 
women, an age group that is increasing in num-
bers due the progressive aging of the population 
in developed countries. This, coupled with their 
difficult diagnosis and poor prognosis, would 
merit considering them as a separate category in 
tumor classifications of ovarian and uterine 
tumors. In the literature, most publications are 
case reports with only few relevant series [77, 78].

Recent data from histopathologic-based regis-
tries from the European Union (see Chap. 2), the 
United Kingdom [22], and the United States [23] 
reveal an unusual GCT incidence peak at 65–75 
that corresponds to GCT arising from somatic 

Müllerian neoplasms (GCT-SMN). Although 
they are not referred to as such in the various reg-
istries, it is possible that many such cases pass 
unrecognized due to their rarity and difficult 
diagnosis, often complicated by the malignant 
GCT overgrowth effacing the original somatic 
tumor [78]. European and US population-based 
statistics predict that almost 30 % of the popula-
tion will be over 65 by 2035 and the population 
pyramid inverted by 2080, with a substantial 
increase of women over the age of 85 [448, 449]. 
This would mean that, in the not too distant 
future, age-related tumors such as these and type 
II endometrial cancers will experiment a remark-
able increase in incidence.

Historically, GCT-SMN were described for 
the first time in the female genital tract associated 
with endometriosis [450] and, later, with endo-
metrioid adenocarcinomas and carcinosarcomas 
of both ovary and endometrium [77, 451, 452] 
and much less frequently with serous [453] and 
mucinous carcinomas [454].

We have studied 25 cases of ovarian and uter-
ine GCT-SMN arising from both endometrioid 
and clear cell carcinomas [133, 455]. Clinically, 
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their ages ranged from 30 to 94 with the major-
ity of cases in the sixth and seventh decades of 
life (Fig. 6.27). They presented with the usual 
nonspecific symptoms of ovarian and uterine 
tumors. At the time of surgery, they were often 
found in FIGO stages II–IV. Survival data indi-
cate both poor prognosis and response to treat-
ment [77]. A r.

Histologically, most tumors show diffuse 
intermingling of Müllerian somatic tumors with 
non-dysgerminomatous GCT.

The main histologic categories of GCT-SMN 
correspond to:

 (a) Endometrioid neoplasms associated with 
YST

 (b) Clear cell carcinoma (CCC) associated with 
YST

 (c) Endometrioid or CCC associated with YST 
and other GCT patterns

6.5.1  Endometrioid Neoplasms 
Associated with YST

These somatically derived YST [456] represent 
the most numerous category of GCT-SMN. We 
have analyzed a series of 15 cases [455] corre-
sponding to women aged between 30 and 80 
years. Of these, most (11/15) were in the fifth 
and sixth decades of life. Tumors were in an 
advanced stage in over half of cases. Mortality 
was high with a poor response to chemotherapy. 
Macroscopically, the tumors were bulky with an 
average size of 15 cm and only once were bilat-
eral. A third of cases were associated with endo-
metriosis or endometrioid cystoadenofibromas. 
The endometrioid adenocarcinoma constituted 
the main neoplastic component and was well 
 differentiated with morular formation in four 
cases, moderately differentiated in six and the 
 remaining five were carcinosarcomas. A recently 

a

c

b

Fig. 6.28 Interphase of well-differentiated endometrioid 
adenocarcinoma with microcystic (a) and hepatoid (b) 
YST. Glandular YST (c) resembles endometrioid adeno-

carcinoma except for the diffuse basal vacuolation and 
periglandular rarefaction
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 published series [456] provides a similar a clini-
copathologic profile. The YST element is char-
acteristically heterogeneous, showing small foci 
of classic microcystic YST (Fig. 6.28a, b) in half 
of cases, coexisting with areas of glandular 

 pattern that were the predominant or the 
 exclusive pattern in three cases (Fig. 6.28c).  
The cylindrical cell lining of glandular spaces of 
both endometrioid tumor and glandular YST can 
be very similar, and, often, apical and basal 

a b

c d

Fig. 6.29 Coexistence of glandular YST with endometrioid adenocarcinoma. (a, b) EMA and PAX8 are only expressed 
in the endometrioid component, while only glandular YST expresses SALL4 (c) and villin (d)

Table 6.6 Differential diagnosis by immunophenotype of endometrioid carcinoma, clear cell tumors (CCC), and YST 
[131, 133]

Antibodies Endometrioid Ca CCC YST (preferently glandular variants)

HNF1-β Negative or focal Diffuse positive Focal but intense in YST glandular

Napsin A Negative or focal Diffuse positive Negative

CK7 Diffuse positive Diffuse positive Focal (gastropancreatic differentiation?)

PAX8 Diffuse positive Diffuse positive Negative

EMA Diffuse positive Diffuse positive Focal but intense in YST glandular areas

AFP Negative or focal Negative or focal Focal and irregular

SALL4 Negative Negative Diffuse positive

Villin Negative Negative Diffuse positive

HepPar-1 Negative Negative Focal irregular

GPC3 Negative Focal irregular Focal irregular

GATA3 Negative Focal irregular Focal irregular
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 vacuolation of the YST intestinal-type glands is 
the only reliable histologic discriminating fea-
ture (Fig. 6.28c). For this reason, immunohisto-
chemistry is necessary to identify the differential 
diagnostic phenotypes of each component. The 
endometrioid component expresses EMA (Fig. 
6.29a), CK7 [132], and estrogen receptors [77] 
as well as PAX8 (Fig. 6.29b) [457]. In contrast, 
glandular YST can be focally positive for CK7 
and EMA but expresses diffusely SALL4 and 
villin (Fig. 6.29c, d) as well as focal, patchy AFP 
and GPC3. Intestinal differentiation in YST 
reveals a strong CDX2 and HepPar-1 expression. 
Immunohistochemical differential diagnostic 
data are shown in Table 6.6.

6.5.2  Clear Cell Carcinoma (CCC) 
Associated with YST

We have analyzed twelve cases of this unusual 
association from several European consulta-
tion materials [133]. They involved a similar 
group than endometrioid tumors, ranging from 
37 to 94 years, with an average of 62. They 
were also smaller in size, ranging from 2  
to 20 cm in diameter, average 12 cm. 
Endometriosis was present in all but two cases 
and 50 % were in advanced clinical stages. 
Histologically, all corresponded to characteris-
tic tubulopapillary patterns of clear cell carci-
nomas (CCC) except one case of borderline 
clear cell adenofibroma. The YST component 
was almost invariably of glandular type, being 
predominant in over half of cases. Clinically, 
eight patients died 16 months to three years 
after diagnosis. Four are alive and well with 
short follow ups of up to 4 years.

Since the initial descriptions of YST [458], 
CCC has been the main differential diagnosis 
with YST. Since glandular YST is the most fre-
quently associated pattern with CCC [133], the 
difficulty in its differentiation from CCC lies in 
the fact that glandular YST may have a papil-
lary growth pattern and extensive vacuolation, 
so closely resembling CCC that it can be taken 

for a hybrid phenotype (Fig. 6.30a). 
Histologically, glandular YST coexists and 
merges with CCC (Fig. 6.30b) but differs from 
it in their more regular nuclei, polarized vacu-
oles in apical or subnuclear position, subepi-
thelial stromal rarefaction, and occasional 
presence of goblet cells and hyaline globules. 
These features should differentiate it from the 
usually complex CCC histology [459]. For 
these reasons, immunohistochemistry is neces-
sary for differential diagnosis and should not 
be based on the expression of a single antibody 
[112, 460], since some otherwise “characteris-
tic markers” can be expressed by both compo-
nents. Therefore, diagnostic accuracy is 
improved by contrasting wider immunohisto-
chemical panels for CCC [459] and YST [96]. 
Before these comprehensive panels were avail-
able, the differentiation between YST and CCC 
was problematic; thus it is difficult to know if 
previously reported cases of CCC with AFP 
expression were either pure CCCs with ectopic 
AFP secretion, papillary glandular YST resem-
bling CCC exhibiting AFP expression, or an 
admixture of both [461–464].

Neither AFP nor GPC3 [460] fully discrimi-
nates between CCC and YST and the same is true 
for other traditional markers of CCC and YST: 
HNF1-β, a well-known marker for most CCC 
[465], is also expressed in YST [133, 464] (Fig. 
6.30c), which limits its usefulness in differentiat-
ing these patterns. The absence of expression of 
CK7 and EMA [466] has also been considered 
characteristic of YST. However, it can also be 
focally present in glandular YST (Fig. 6.30d), 
where this expression may represent gastropan-
creatic differentiation [133].

PAX8 and Napsin A are more specific anti-
bodies (Fig. 6.30e) expressed in CCC [467–
469] but not in YST patterns even the glandular 
ones [133].

SALL4 is an excellent marker of cells retain-
ing stemness, and consequently it is expressed 
in YST of both classic and glandular type where 
it represents, as in carcinoma of the stomach, 
fetal gut differentiation [470]. It is, however, 
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negative in CCC [119]. Villin, although consid-
ered a  relatively nonspecific antibody, is con-
stantly expressed in YST (Fig. 6.30f) but not in 
CCC [96]. Finally, HepPar-1 is frequently 
focally positive in YST and invariably absent in 
CCC.

As a summary (Table 6.6), CCC and glandular 
YST may coexpress HNF1-β, CK7, EMA, and 
GPC3. Identification of CCC areas is based on 
expression of PAX8 and NapsinA, while YST is 
best identified by its AFP, SALL4, villin, and, 
eventually, focal HepPar-1 expression.

a
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d

b

Fig. 6.30 (a) YST resembling clear cell carcinoma 
(CCC). (b) Interphase between CCC (left) and glandular 
YST (right). HNF1-ß (c) is expressed by both glandular 
YST (top) and CCC (bottom). EMA (d) can show a strong 

expression in glandular papillary YST. However, Napsin 
A (e) is only expressed in CCC, while villin (f) only stains 
glandular YST
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6.5.3  Endometrioid or CCC 
Associated with YST 
and Other Polydifferentiated 
GCT Patterns

This rare association occurs in neoplasms of the 
uterus and ovary as a combination of endometri-
oid or CCC, with glandular YST and other GCT 
growth patterns such as choriocarcinoma, mature 
teratoma, immature neural structures similar to 
those found in IT, as well as mimics of embryo-
nal carcinoma and polyembryoma. It is possible 
that, in the past, some tumors in this category 
were reported as immature teratoma in extraovar-
ian locations such as the uterus [471, 472]. Only 
isolated well-documented cases [473] have been 
reported in the literature.

We have studied five cases, associated with 
endometrioid carcinoma and CCC [474]. All 
had a glandular YST component. Coexistence 
of glandular YST and CCC was observed in 
some cysts which presented a biphasic lining of 
both clear cell and endoderm. Other compo-
nents included, in three cases, an abundance of 
both neural blastema and neuroepithelial pig-
mented tubules of the type seen in immature 
teratoma (Fig. 6.31), one of them differentiating 
a glioblastoma multiforme pattern. In two 
instances, there were patterns resembling areas 
of polyembryoma with embryoids expressing a 

characteristic ecto- and endodermal immuno-
phenotype (Fig. 6.32). Another included a cho-
riocarcinoma and yet another, mature 
components such as squamous and respiratory 
epithelia, striated muscle and cartilage of the 
type seen on mature teratoma, but lacking a der-
moid appearance. No areas of dysgerminoma 
were present.

Immunohistochemically, all GCT components 
(glandular YST, neural components, choriocarci-
noma, and embryoids) show a characteristic phe-
notype. Some areas may have an incomplete EC 
immunophenotype expressing OCT4, but weak 
and focal SOX2 and CD30. These incomplete EC 
features partly resemble type II testicular- type 
tumors and would exemplify the developmental 
capacities of iPSC. The existence in these tumors 
of cells retaining a high degree of stemness [452] 
is confirmed by the constant presence of foci of 
cells expressing OCT4 (see Fig. 3.34) [474] (Fig. 
6.33), similar to iPSC. OCT4 expression has 
been reported in high-grade immature teratomas 
[187], but not in Müllerian-derived GCT.

Tumor stem cells have been demonstrated in 
neoplasms classically associated with polydif-
ferentiations such as uterine carcinosarcomas 
[475], endometrioid carcinoma [476, 477], 
endometriosis [478], and CCC [479]. An 
intriguing paper [480] has demonstrated that 
the ovarian surface epithelium in the meno-
pause is able to produce stem cells capable of 
giving rise to embryoid body-, oocyte-, and 
blastocyst-like structures but not teratomas 
when transplanted to mice. This could be exem-
plified by a recent case of mature uterine tera-
toma where the comparison of DNA profile of 
normal uterine tissue and a uterine  teratoma 
suggested an origin from a pluripotential stem 
cell of the uterus [481].

As a summary, somatic-derived malignant 
stem cells behaving as an induced pluripotential 
stem cell (iPSC) can give rise to a malignant stem 
cell tumor with features of embryonal carcinoma, 
even with an organoid arrangement into embry-
oids. They may also differentiate into endoder-
mal structures of YST and trophoblast as well as 

Fig. 6.31 Pigmented neuroepithelium in a mixed CCC- 
glandular YST
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embryonal mesenchymal and neural structures 
present in teratoid carcinosarcoma. It is also 
speculated that rare “neometaplastic” monophy-
letic neoplasm such as extrarenal Wilms, extra- 

axial ependymomas, hepatoid tumors, and even 
intestinal mucinous tumors may also represent 
differentiations from induced pluripotential stem 
cells.

Fig. 6.32 Embryoid body in an endometrioid carcinoma 
associated with embryonal carcinoma-like patterns. The 
area corresponding to endodermal differentiation 

expresses AFP and only focally HepPar-1. GPC3 stains 
both ecto- and endodermal areas, while SOX2 is only 
positive in the ectoderm. SALL4 stains all immature areas
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6.6  Extraovarian Germ Cell 
Tumors of the Female 
Genital Tract

Extraovarian GCT in the female genital tract are 
rare. Their true incidence is, as in other extrago-
nadal teratomas, difficult to know, since most 
reports are clinically oriented and few have a well-
documented histopathologic description. Likewise, 
the loose usage of the term teratoma in the older 
literature to describe some polydifferentiated neo-
plasms may have included some cases of mixed 
Müllerian tumors. Additionally, in the uterus, cer-

vix, and perhaps the fallopian tube, iatrogenic fetal 
implants [482] may display various mature tissues 
embedded in the endometrium [483, 484] that can 
be erroneously diagnosed as mature teratoma.

Fallopian tube GCT are possibly the most 
common GCT in female genital tract outside the 
ovary and are also type IV tumors with a parthe-
nogenetic origin. Most represent incidental find-
ings and are small mature teratomas that tend to 
adopt either a solid [485] (Figs. 6.34a, b) or cystic 
[486, 487] appearance. There are, however, some 
reported cases of immature teratomas [488].

Uterine and cervical GCT are extremely rare 
lesions (see Chap. 2) and are often polypoid, 
mature teratomas [489–491] even showing the 
presence of thyroid tissue [492]. It is possible 
that cases reported as immature teratomas or 
those with malignant transformation [493, 472] 
may represent examples of type VI tumors of 
somatic Müllerian tumors associated with the 
polydifferentiated GCT patterns, as described 
above. In the cervix, both mature [494, 495] and 
immature [496] teratomas have been reported, as 
well as rare cases of YST [497, 498].

Vulvovaginal GCT include primary YST [499–
501] that may correspond to type I GCT in child-
hood as well as rare immature teratoma [502].

Fig. 6.33 Uterine carcinosarcoma associated with 
YST. Atypical glandular areas have a patchy expression of 
OCT4

a b

Fig. 6.34 A small solid mature teratoma in the lumen of a fallopian tube (a) is composed of fibroadipose tissue with 
some sebaceous glands (b)
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7.1  General Concepts

Aside from benign teratomas of the ovary, germ 
cell tumors of the testis are the most common 
germ cell tumors (GCT). They also correspond to 
the vast majority of testicular tumors, encom-
passing about 98 % of the neoplasms arising in 
the male gonad [1–3].

Testicular GCT share the basic characteristics 
with GCT at other sites, but possess several 
unique features. Contrary to the ovarian counter-
part, most are malignant. This is particularly the 
case in testicular teratomas, specifically the post-
pubertal type, which is malignant independently 
of the degree of maturation of its components. 
While for the most part, the histologic spectrum 
is similar to other sites, a specific type, spermato-
cytic tumor (ST), is unique to the male gonad. 
Most testicular GCT are characterized by the 

existence of an in situ lesion, germ cell neoplasia 
in situ (GCNIS), which is pivotal in their histo-
genesis. Finally, the phenomenon of regression, 
in which primary GCT may involute and fre-
quently disappear, is characteristic of the testis.

This chapter deals preferentially with postpu-
bertal testicular GCT; while on occasion pediat-
ric tumors will be mentioned, detailed discussion 
of these may be found in Chap. 6.

7.2  Epidemiology

Testicular cancers correspond to approximately 
1–2 % of tumors in men; however, they are the 
most common malignancy in men between the 
ages of 15 and 34 [1–3]. Approximately 95 % of 
testicular tumors correspond to GCT, with the 
majority of non-GCT histologies occurring in 
men over 50 years of age [4]. There is an increas-
ing incidence of testicular GCT, particularly in 
those countries with an already high incidence 
[5]. Marked variations among countries and geo-
graphical regions have been described, with a 
higher incidence in Scandinavian and northern 
European countries and lowest in Middle Eastern 
and Asian countries [5]. Racial differences have 
also been widely reported within racially diverse 
countries. In the USA, the incidence per 100,000 
varies from 1.1 in African-Americans to 6.3 cases 
in whites [3]. A more extensive review of GCT 
epidemiology can be found in Chap. 2.

7

R.E. Jimenez, MD, MHA (*) 
L.P. Herrera- Hernandez, MD • T.J. Sebo, MD, PhD 
Laboratory Medicine and Pathology, Mayo Clinic 
College of Medicine, Rochester, MN, USA
e-mail: jimenez.rafael@mayo.edu; herrerahernandez.
loren@mayo.edu 

S. Gupta, MBBS, PhD 
Mayo Clinic, Rochester, MN, USA
e-mail: gupta.sounak@mayo.edu

1Dr. Sebo sadly passed away during the preparation of this 
manuscript. We will always be grateful for his collabora-
tion in this project. He will be missed for his teaching, his 
mentorship, and his friendship.

http://dx.doi.org/10.1007/978-3-662-53775-6_6
http://dx.doi.org/10.1007/978-3-662-53775-6_2
mailto:jimenez.rafael@mayo.edu
mailto:herrerahernandez.loren@mayo.edu
mailto:herrerahernandez.loren@mayo.edu
mailto:gupta.sounak@mayo.edu


268

Statistical studies have suggested several risk 
factors that may increase the risk of developing 
testicular cancer. These include higher economic 
status, professional workers, technicians, and 
other occupational categories [6–9], immunode-
ficiency [10], history of sexually transmitted dis-
ease [11], past mumps orchitis [12], in utero 
exposure to estrogen [13], cannabis use [14, 15], 
testicular trauma [11], Down syndrome [16], 
Marfan syndrome [17], and Klinefelter syndrome 
[18]. Early male patterned baldness and severe 
acne have a negative association [19]. Most of 
these associations are weak, or are not demon-
strated consistently in different studies. However, 
the following risk factors have been repeatedly 
linked with an increased risk for the development 
of testicular GCT:

 1. Cryptorchidism: A maldescended or unde-
scended testis is the most consistently asso-
ciated risk factor for testicular cancer, 
conferring 3.7–7.5 times higher risk of devel-
oping this malignancy [20]. Conversely, 
5–10 % of patients with testicular cancer 
have a history of cryptorchidism [21]. The 
mechanism is unclear; their association 
could be the result of a common cause for 
both pathologies, but, alternatively, it is more 
likely that it is related to the adverse environ-
mental conditions to which the undescended 
testis is subjected. The varying relative risks 
depending on the location of the testis 
(abdominal vs. inguinal), and the impact 
early orchidopexy has in reducing the risk, 
would favor the latter possibility. 
Orchidopexy before age 13 is associated 
with a 2.23-fold relative risk, compared to 
5.4 for patients who had orchidopexy after 
that age [22]. However, not all series have 
demonstrated a risk reduction dependent on 
the age at orchidopexy [23]. The GCT most 
commonly observed in patients with cryptor-
chidism is seminoma. Cryptorchidic patients 
have a higher proportion of seminoma vs. 
non-seminomatous GCT, compared to the 
general population [24].

 2. Contralateral GCT: A previous history of tes-
ticular GCT in the contralateral testis confers 

approximately a 24.5–27.5-fold relative risk 
of developing testicular cancer [25, 26]. The 
metachronous tumor has a highest risk of 
developing in the first 5 years after the initial 
diagnosis [27]. The risk is higher if the testis is 
or was cryptorchidic or atrophic.

 3. Family history of testicular cancer: Sons of 
fathers with testicular cancer have approxi-
mately 4 times the risk of the general popula-
tion of developing a testicular tumor. This 
risk is almost doubled if the affected first-
degree relative is a brother [28–30]. Migration 
studies have demonstrated that immigrants to 
a region with lower or higher incidence of 
testicular cancer carry the risk of the region 
from where they originate. Familial testicular 
cancer has been associated with several can-
didate genes, which include among others 
TGCT1 – which may also predispose to crypt-
orchidism – located in chromosome Xq27 
[31], KITLG in 12q22 [32, 33], SPRY4 in 
5q31.3 [34], BAK1 in 6p21.3 [35], DMRT1 in 
9p24.3 [36, 37], TERT in 5p15.33, and 
ATF7IP in 2p13.1 [37]. Most of these genes 
have been associated to the KITLG-KIT 
pathway, implicated in primordial germ cell 
development [38].

 4. Disorders of sex development (DSD): 
Abnormally differentiated or maldeveloped 
gonads, with our without maldeveloped sex 
organs, are linked to a higher risk of develop-
ment of testicular cancer [21]. DSD include 
gonadal dysgenesis with a Y chromosome, 
true hermaphroditism, and pseudohermaphro-
ditism due to androgen insensitivity syndrome 
[39]. Approximately 25 to 30 % of patients 
with gonadal dysgenesis and a Y chromosome 
develop a GCT [40], usually gonadoblastoma, 
while those with an abnormal androgen func-
tion have a risk of around 5–10% [39]. This 
association is discussed at length in Chap. 10 
and further below in the section on 
gonadoblastoma.

 5. Male infertility: An increase in testicular can-
cer rates has paralleled a decrease in fertility 
and semen quality [41]. It is unclear if there is 
a causal relationship between both conditions 
or the association is a manifestation of a com-
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mon cause [42–44]. Given the connection of 
both infertility and testicular cancer with 
cryptorchidism, the latter is not an unlikely 
possibility [38]. Similarly, gonadal dysgene-
sis, or other DSD, account for a significant 
portion of cases of infertility [38]. Patients 
with infertility have a higher incidence of tes-
ticular cancer than those that have undergone 
vasectomy [45].

It has been proposed that patients with an 
identified risk of developing GCT may benefit 
from a testicular biopsy. The two best scenarios 
in which this potential benefit has been studied 
are in the setting of cryptorchidism, and contra-
lateral GCT. Patients with a history of cryptor-
chidism have a 2–8 percent risk of having 
GCNIS, the precursor lesion of GCT [26]. Of 
1500 cryptorchidic patients whose biopsies did 
not reveal GCNIS and were followed for up to 
8 years, none developed an invasive GCT [46]. 
Conversely, 50 % of patients with a positive 
biopsy for GCNIS will develop an invasive GCT 
in the same timeframe [47]. Timing, frequency, 
location, and management of a positive biopsy 
are still debated in the literature [46, 48–50]. 
Similarly, testicular biopsy of the contralateral 
testis on patients with a GCT may identify a sec-
ond primary in earlier stages. In this setting, 
approximately 5 % of contralateral testis biop-
sies will be positive for GCNIS. Of these, 
approximately 30 % will have an invasive tumor 
upon orchiectomy, and 50 % more will develop 
an invasive tumor within 5 years [47]. As in the 
cryptorchidism scenario, patients with a negative 
biopsy rarely develop a second GCT [51]. 
Radiation therapy can then be offered to these 
patients to reduce the risk of a second neoplasm 
[52, 53]. Arguments against the widespread use 
of contralateral biopsy include the need for close 
follow-up on patients with negative biopsy 
(given the rate of approximately 1 % false posi-
tive), the need of radiation therapy resulting in 
irreversible infertility and impairment of endo-
crine Leydig cell function, a questionable out-
come advantage over patients handled with only 
surveillance, and the availability of local resec-
tion as therapy for small tumors [54].

7.3  Histogenesis

A detailed explanation of the histogenesis of 
germ cell tumors has already been presented in 
Chap. 3. Herein we will summarize those aspects 
specific to testicular GCT. Testicular tumors fall 
mainly within three of the types of the Oosterhuis 
and Looijenga classification [55], described in 
Chap. 3 . They include prepubertal-type tumors 
(type I GCT), including teratomas and yolk sac 
tumors (YST), postpubertal tumors (type II GCT, 
seminomatous and non-seminomatous GCT), by 
far the most common ones, and ST (type III 
GCT) [55, 56]. Each of these categories has a 
characteristic epidemiological, biological, and 
clinical profile, as summarized in Table 7.1. 
While our understanding of the molecular pathol-
ogy of types I and III is limited, most of the cur-
rent knowledge is related to the most common 
form, type II or postpubertal GCT.

The different histologic types of type II GCT 
are intimately related. The precursor lesion of 
GCT, GCNIS, shares many phenotypical and 
morphologic features with seminoma, suggest-
ing a precursor relationship [57–59]. However, 
molecular abnormalities more characteristic of 
other forms of invasive GCT, such as embryonal 
carcinoma (EC) or YST, can also be seen in 
GCNIS, suggesting that the in situ lesion may 
also play a role of precursor to other forms of 
GCT as well [57]. Further, the existence of 
“specialized” forms of intratubular tumors such 
as intratubular EC or seminoma suggests that 
transformation to other subtypes can occur 
within the tubular compartment [60–62], at least 
in a subset of cases, with later events inducing 
an invasive counterpart. Plasticity among differ-
ent forms of invasive GCT subtypes has been 
documented experimentally and clinically and 
is likely more common than intratubular trans-
formation. Patients with testicular seminomas 
can present with non-seminomatous metastases 
[63], and it is not uncommon that seminomas 
show isolated syncytiotrophoblastic giant cells, 
“early”  epithelial differentiation [64], and 
expression of markers associated with other his-
tologies, such as alpha-fetoprotein, CD30, or 
cytokeratin [65–67]. Similarly, patients with 
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pure EC of the testis may present with teratoma-
tous metastases [68, 69], and EC cells trans-
planted into peritoneal cavity of mice can 
differentiate into teratoma [70, 71]. YST may 
differentiate into mesenchymal tissues and may 
even show malignant somatic transformation 
(see Chap. 12), blurring the line between this 
histologic type and teratomas.

A common cytogenetic abnormality found in 
invasive types of type II GCT is the presence of 
isochromosome 12p (i12p) [56, 72, 73]. The 
isochromosome results in an overrepresentation 
of genes from the short arm of chromosome 12. 
Even cases lacking i12p have other forms of 
overrepresentation of these genes, such as dupli-
cation of the 12p11.21 region. Polysomy 12, 
while also seen in GCT, is less specific (Fig. 
7.1) [73]. The i12p thus serves as a “common 
denominator” for the different subtypes of inva-
sive type II GCT, providing further evidence of 

their intimate relationship at the molecular 
level. Interestingly, i12p is not found in GCNIS 
[74, 75], suggesting that its role is more impor-
tant in the development of invasive capabilities, 
rather than in the original malignant transforma-
tion of germ cells.

In summary, these observations suggest a 
close association between the different histolo-
gies of GCT and suggest that different molecular 
events translate into morphologic transitions. 
Further analysis of the relationships between the 
subtypes of type II GCT is presented in Chap. 3.

In contrast with these suggested pathways, 
type I (pediatric GCT) and type III GCT (i.e., ST) 
have different histogeneses. Pediatric or 
prepubertal- type teratomas and YST are not 
associated with GCNIS and lack association with 
i12p. As explained in Chap. 3, it has been theo-
rized that the cell of origin for this type of GCT is 
an earlier form of germ cell, such as a primordial 

c d

ba

12

p

q

i(12p)

p

Fig. 7.1 Cytogenetic abnormalities of chromosome 12. 
The short arm of chromosome 12 is consistently abnor-
mal in type II testicular GCT and can be detected with 
fluorescent in situ hybridization. Schematic representa-

tion of probes used to detect isochromosome 12p are 
shown in (a) when compared to normal hybridization pat-
tern (b), abnormalities include isochromosome 12p (c), 
and gain of 12p (d)
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or embryonic stem cell, compared to that of type 
II tumors. Similarly, ST lacks association with 
GCNIS and i12p and shows frequent cytogenetic 
abnormalities at the level of chromosome 9. 
Based on genomic imprinting analysis, the cell of 
origin for ST is believed to be a more mature 
germ cell than the one that gives rise to type II or 
type I tumors [55].

7.4  Classification of GCT

The pathogenetic mechanisms described above 
are relevant to the classification of GCT. Type II 
tumors, which constitute the majority of testicu-
lar GCT, are histologically characterized by their 
association with GCNIS. In fact, since GCNIS is 
an excellent surrogate for the molecular and bio-
logic events in the pathogenesis of type II tumors, 
testicular GCT may be divided according to the 
presence or absence of GCNIS. Thus, tumors 
associated with GCNIS would correspond to type 
II GCT, while those not associated with GCNIS 
would encompass both type I and III neoplasms. 
The WHO classification of testicular neoplasms 
has incorporated this approach in its 2016 edition 
(see Table 7.2) [76].

For management purposes, testicular GCT are 
usually classified into seminomatous and non- 
seminomatous tumors. Seminomatous tumors 
include only pure seminomas. Non-seminomatous 
tumors encompass all mixed germ cell tumors 
(including those with seminoma as one of the 
components, even if predominant), as well as the 
less common pure forms of the other type II his-
tologic types. The rationale for this classification 
resides in the completely different therapeutic 
approach for both categories, largely explained 
by the high radioensitivity of seminoma. 
However, the categorization into seminomatous 
and non-seminomatous tumors is overly simplis-
tic and carries the risk of overlooking important 
features associated with specific histologic types. 
Additionally, it should be applied exclusively to 
type II tumors, and attention should be paid at not 
including within the non-seminomatous catego-
ries tumors with unique behavior and prognosis, 
such as ST or prepubertal-type teratomas.

7.5  Tumors Associated with 
Germ Cell Neoplasia In Situ

7.5.1  Germ Cell Neoplasia In Situ

7.5.1.1  General Aspects
GCNIS is defined as the presence of malignant 
germ cells within the seminiferous tubules of the 
testis. Classically, these neoplastic germ cells are 

Table 7.2 2016 WHO classification of GCT of the testis

Germ cell tumors derived from germ cell neoplasia 
in situ
Noninvasive germ cell neoplasia

  Germ cell neoplasia in situ

  Specific forms of intratubular germ cell neoplasia

Tumors of a single histological type (pure tumors)

  Seminoma

  Seminoma with syncytiotrophoblast cells

  Non-seminomatous germ cell tumors

   Embryonal carcinoma

   Yolk sac tumor, postpubertal type

   Trophoblastic tumors

   Choriocarcinoma

   Non-choriocarcinomatous trophoblastic tumors

    Placental site trophoblastic tumor

    Epitheliod trophoblastic tumor

    Cystic trophoblastic tumor

   Teratoma, postpubertal type

   Teratoma with somatic-type malignancy

Non-seminomatous germ cell tumors of more than one 
histological type

  Mixed germ cell tumors

Germ cell tumors of unknown type

  Regressed germ cell tumors

Germ cell tumors unrelated to germ cell neoplasia 
in situ
  Spermatocytic tumor

  Teratoma, prepubertal type

  Dermoid cyst

  Epidermoid cyst

  Well-differentiated neuroendocrine tumor

  (Monodermal teratoma, carcinoid tumor)

  Mixed teratoma and yolk sac tumor, prepubertal type

  Yolk sac tumor, prepubertal type

Tumors containing both germ cell and sex 
cord-stromal elements
  Gonadoblastoma
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characterized by having abundant clear cytoplasm 
and a prominent enlarged nucleus, and they are 
usually located in the basal layers of the tubule 
(Fig. 7.2). It was originally described by 
Skakkebaek in 1972 [77]. Because of its undif-
ferentiated nature, the term intratubular germ cell 
neoplasia unclassified type has been historically 
preferred in the USA over the term carcinoma in 
situ, more popular in European countries, as the 
neoplastic cells do not show epithelial differentia-
tion nor necessarily give rise to invasive carcino-
mas. Recently, the term germ cell neoplasia in situ 
has been proposed for this lesion and was incor-
porated in the 2016 WHO classification [76]. This 
terminology will be used throughout this chapter.

7.5.1.2  Incidence and GCT Risk
The neoplastic nature of GCNIS has been dem-
onstrated by epidemiological, morphological, 
and biological studies. Fifty percent of patients 
with GCNIS will develop an invasive form of 
germ cell tumor within 5 years [47]. Similarly, 
more than 90 % of patients with an invasive form 
of GCT show GCNIS in the adjacent testicular 
parenchyma [78–80]. GCNIS is found in patients 
with a high risk of developing invasive GCT, 
including patients with cryptorchidism, gonadal 
dysgenesis, contralateral GCT, infertility, and 
androgen insensitivity syndrome [46, 48, 49]. 
Morphologically, the cells of GCNIS are mark-

edly similar to the individual cells of seminoma 
and share a similar immunophenotype, including 
the expression of c-KIT, OCT4, SALL4, and 
placental- like alkaline phosphatase (PLAP) [81–
83]. Molecularly, they are aneuploid and share 
allelic losses with invasive GCT [57].

7.5.1.3  Morphology
No specific findings are grossly detected in cases of 
GCNIS that are associated with an invasive tumor. 
Given that it is commonly associated with infertil-
ity, changes of atrophy are not uncommon. 
Microscopically, GCNIS is characterized by the 
presence of large cells with clear cytoplasm, con-
spicuous cell membranes, enlarged and hyperchro-
matic nuclei, and prominent nucleoli (Fig. 7.2) [58]. 
These cells stand out in low power and are usually 
found in the basal layer of seminiferous tubules 
with atrophic features. In fact, it is extremely rare to 
find it in tubules with ongoing spermatogenesis. 
The involved tubules tend to be small and have a 
thickened basement membrane. Aside from the 
GCNIS cells, they usually contain only Sertoli cells. 
The distribution of GCNIS is usually patchy, and 
affected tubules may be located immediately adja-
cent to completely unremarkable ones. Peritubular 
lymphoid and granulomatous inflammation may 
also be present. GCNIS may show pagetoid spread 
into the rete testis (Fig. 7.3) [84] and less frequently 
into the epididymis and vas deferens [85].

PAS stains demonstrate abundant intracyto-
plasmic glycogen and may be useful as a screen-
ing stain. GCNIS is almost always positive for 
PLAP with a membranous/cytoplasmic pattern 

Fig. 7.2 GCNIS. Large cells with clear cytoplasm, con-
spicuous cell membranes, and enlarged and hyperchro-
matic nuclei, interspersed within seminiferous tubules 
with thickened basement membranes. Note the absence of 
active spermatogenesis

Fig. 7.3 GCNIS. GCNIS with pagetoid involvement of 
the rete testis
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(Fig. 7.4a) and is quite useful, as normal spermato-
gonia are rarely positive for this marker. OCT4 is 
also highly specific, displaying nuclear staining 
only in neoplastic germ cells (Fig. 7.4b). c-KIT is 
highly sensitive, but its specificity is rather low, as 
nonneoplastic germ cells may react with this 
marker. The same can be said for SALL4 [82].

While GCNIS shares most of its molecular 
profile with invasive GCT, particularly seminoma, 
12p amplification, usually in the form of i(12p), is 
rarely present in GCNIS, contrary to the case in 
invasive GCT. It is thus believed that the presence 
of i(12p) is probably involved in the ability of 
GCNIS to invade the stroma (see below) [82].

7.5.1.4  Differential Diagnosis
GCNIS must be distinguished from other intratu-
bular forms of GCT, such as intratubular semi-
noma (Fig. 7.5a). These result for the most part 
from intratubular spread of invasive GCT, as they 
are rarely seen in the absence of an invasive com-

ponent. Intratubular seminomas share many of 
the features of GCNIS; however, they fill and dis-
tend the involved tubules. They may be seen 
without an invasive seminoma counterpart, but 
usually they are accompanied by some kind of 
invasive GCT [61, 62]. Whether they represent an 
exaggerated form of GCNIS or an intratubular 
spread of an invasive seminoma is unresolved. 
Intratubular EC shows the epithelial differentia-
tion and high-grade cytologic features of its inva-
sive counterpart, including necrosis (Fig. 7.5b) 
[60]. Intratubular teratoma [86] and YST [87] 
have also been reported. Intratubular ST shows 
the three characteristic types of cells of the inva-
sive counterpart (see below) and is always associ-
ated with an invasive component [58]. Metastatic 
carcinomas to the testis may show involvement 
of seminiferous tubules resembling GCNIS [88].

Prepubertal testes tend to show enlarged, 
slightly atypical germ cells with abnormal chro-
matin. In this setting, particularly in young 

a

b

Fig. 7.4 (a, b) GCNIS, immunohistochemistry. GCNIS 
with characteristic membranous expression of PLAP (a) 
and nuclear expression of OCT4 (b)

a

b

Fig. 7.5 (a, b) GCNIS, differential diagnostic consider-
ations. (a) Intratubular seminoma filling and distending sem-
iniferous tubules (b) Intratubular embryonal carcinoma, with 
intraluminal pleomorphic cells, necrosis, and calcifications
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patients (less than 2 years), the atypical cells may 
share an immunophenotype with GCNIS. They 
are thought to represent delayed maturation of 
germ cells, frequently associated with DSD [89]. 
However, they are likely to be present diffusely 
throughout the parenchyma and are not limited to 
the basal layer within the tubules. Distinction 
between these two settings is clinically relevant, 
as these abnormal germ cells in prepubertal 
patients do not convey a high risk to progression 
to an invasive neoplasm. OCT4 is the preferred 
marker to use in the workup of this differential 
diagnosis [82].

Adult testis may also harbor occasional atypi-
cal germ cells, which usually show hyperchro-
matic nuclei, multinucleation, or enlarged size 
[90]. They lack the classic prominent nucleoli 
and typical distribution of GCNIS and do not 
share their immunophenotype (Table 7.3). While 
they may represent a manifestation of testicular 
dysgenesis, and thus may be present in the back-
ground of GCT, by themselves, they do not con-
vey the high-risk implications of GCNIS.

7.5.1.5  Pathogenesis
During embryological development, germ cells, 
once located in the gonadal ridges where they are 
surrounded by mesenchymal cells, are termed 
gonocytes and are characterized by the expres-
sion of stem cell markers, including PLAP, 
NANOG, c-KIT, SOX2, and OCT4. Gonadal 

stromal cells express transcription factor SRY, 
which results in early development of Sertoli cells 
through the activation of SOX9 [58]. Sertoli cells 
create a microenvironment that allows differenti-
ation of gonocytes into spermatogonia. This pro-
cess marked by the gradual loss of expression of 
the stem markers mentioned above, the acquisi-
tion of expression of germ cell-specific proteins 
MAGE4A, VASA, TSPY, OCT2, and SSX2, and 
the migration toward the basement membrane of 
the seminiferous tubule. Disturbances of the 
microenvironment result in arrest of fetal germ 
cell differentiation. It is in this arrested stage that 
mutations in oncogenes or tumor-suppressing 
genes are believed to occur, resulting in transfor-
mation into a neoplastic cell [58]. In fact, GCNIS 
widely shares the immunophenotype of gono-
cytes, suggesting an arrest at this stage [91, 92].

With the acquisition of additional mutational 
events, likely potentiated by the changes in hor-
monal milieu at puberty, the neoplastic cells 
eventually acquire the capacity to invade through 
the basement membrane. The 12p abnormalities 
are consistently present in invasive tumors and 
are absent in GCNIS [74, 75]. It is thus likely 
that the abnormal region on 12p harbors genes 
that enable the tumor cells to survive, proliferate, 
and develop invasive growth independent of sig-
nals from the intratubular Sertoli cells and the 
adjacent Leydig cells. Candidate genes include 
KITLG, NANOG, BCAT1, and CCND2, but 

Table 7.3 Differential diagnosis of GCNIS and atypical germ cells in postpubertal patients

GCNIS Atypical germ cells

Morphologic features:

Involved tubules Atrophic, absent 
spermatogenesis

Atrophic and normal with 
ongoing spermatogenesis

Distribution Segmental Diffuse and scattered

Location Exclusively basal Basal or luminal

Nuclear features “Squared off,” regular Irregular, polylobated, or 
multinucleation

Immunohistochemistry:

OCT4 + −
PLAP + −
Podoplanin + −
SALL4 + +

SOX17 + +

CD117 + +
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their exact definition remains elusive [58, 93]. 
The pathway to this may include intratubular 
transformation to either intratubular seminoma 
or intratubular EC (nonlinear progression) [94] 
or development first of an invasive seminoma 
and then transformation into EC (linear progres-
sion) [57]. YST, teratoma, and choriocarcinoma 
(CC) appear to evolve by differentiation from 
EC (Fig. 7.6).

7.5.2  Seminoma

7.5.2.1  General Aspects
Seminoma is the most common GCT comprising 
approximately 50 % of these tumors in the post-
pubertal setting. The average age at presentation 
is 40 years with most patients presenting between 
35 and 45 years of age. Seminoma is unusual in 

childhood, and after the fifth decade [95], how-
ever, in a study by Berney et al. [96], seminoma 
accounted for 82 % of cases of GCT in the 
elderly. Bilateral involvement is seen in up to 5 % 
of cases. Seminoma has shown the highest inci-
dence of bilaterality among GCT in several stud-
ies [97, 98]. Patients with seminoma often present 
with a painless testicular mass or dull aching sen-
sation. Up to 2–3 % of patients present with 
symptoms related to metastatic disease in the ret-
roperitoneum. Typically serum levels of AFP are 
normal; however mild elevations have been 
described in pure seminomas [99]. Significant 
elevations are regarded as evidence of non- 
seminomatous elements and should prompt a 
careful search for these components. Liver dis-
ease including metastasis of pure seminoma may 
explain the presence of mild to moderate eleva-
tions of AFP. Mild serum β-hCG elevation is 

Intratubular embryonal
carcinoma

Intratubular
seminoma

GCNIS

Invasive  seminoma Invasive embryonal carcinoma

Yolk sac tumor ChoriocarcinomaTeratoma

Methylation

i(12p)
demethylation

i(12p)
methylation

Fig. 7.6 Pathogenesis of germ cell neoplasia. Most forms 
of invasive GCT arise from GCNI, usually after the devel-
opment of 12p abnormalities. GCNIS advances to semi-

noma or embryonal carcinoma, and from the latter, other 
forms arise, usually in association with DNA methylation
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observed in seminomas with syncytiotropho-
blasts and can be associated with the develop-
ment of gynecomastia [100, 101].

7.5.2.2  Macroscopy
Grossly seminoma usually has a nodular configu-
ration with well-circumscribed borders. The cut 
surface is lobulated, cream, tan, or white gray and 
shows variable consistency, reflecting the amount 
of fibrous tissue within the tumor (Fig. 7.7). 
Punctate foci of hemorrhage are often associated 
with the microscopic presence of syncytiotropho-
blasts. Larger foci of hemorrhage and necrosis can 
be seen in tumors of large size. Invasion into the 
testis mediastinum and spermatic cord are uncom-
mon with a reported frequency of 5–8 % [95].

7.5.2.3  Microscopy
Seminoma often has a diffuse sheetlike, nested, or 
trabecular growth. Characteristically the tumor is 
traversed by bands of connective tissue of variable 
thickness containing mature lymphocytes, pre-
dominantly of T cell type (Fig. 7.8a). These lym-
phocytes are also seen interspersed among tumor 
cells, but can be very prominent, occasionally 
obscuring the tumor cells. Cytologically the 
tumor cells show a uniform appearance with 
polygonal to round configuration and moderate 
amounts of clear, amphophilic, or eosinophilic 
cytoplasm with fairly distinct cell membranes 

(Fig. 7.8b). The latter attribute helps differentiate 
this tumor from EC, which exhibits a syncytial 
growth pattern. The nucleus is usually centrally 
placed and shows an evenly distributed chromatin 
with prominent nucleoli. The nuclear membrane 
is not perfectly round, with tendency to show 
angulated or flat contours, a term described by 
some as “squared-off” nuclei [102]. Some semi-
noma cells may have an eccentrically placed 
nucleus resulting in a plasmacytoid appearance. 
In contrast to plasma cells, a perinuclear hof is not 
observed. Mitotic activity is variable and may be 
quite brisk. Importantly, the degree of mitotic 
activity does not appear to correlate with tumor 
behavior. The term “anaplastic seminoma” was 
used in the past to designate seminomas with a 
mitotic rate equal or greater than three mitoses per 
high-power field and increased pleomorphism. 
This terminology has been discouraged due to 
insufficient data supporting a worsened prognosis 
in this subset of tumors [103, 104]. Similarly, 
necrosis, even when extensive, does not suggest a 
more aggressive behavior (Fig. 7.9). Prominent 
cytological atypia and pleomorphism, suggestive 
of early transition to EC, can be seen in seminoma 
[105]. In general most authors advice against des-
ignating these foci as EC, unless clear epithelial 
features such as glands or papillae are observed 
[106]. Up to 50 % of seminomas show granulo-
matous inflammation (Fig. 7.10a) [107]. This may 
range from scattered clusters of epithelioid histio-
cytes to an exuberant and diffuse reaction that 
may masquerade the tumor cells mimicking gran-
ulomatous orchitis. A subset of seminomas may 
exhibit ossification and calcification.

Scattered syncytiotrophoblasts can be seen in 
up to 20 % of seminomas (Fig. 7.10b) [108]. These 
are characterized by multinucleation, large size, 
and usually denser cytoplasm than the adjacent 
seminoma cells. Some may show prominent vacu-
olization of the cytoplasm. As mentioned above, 
these may be associated with small foci of hemor-
rhage. A distinction should be made with CC, 
which will require the presence of both syncytio-
trophoblasts and cytotrophoblasts. The presence 
of syncytiotrophoblasts should thus be docu-
mented in the pathology report as it may explain 
the presence of mild elevations of β-hCG [109].

Fig. 7.7 Seminoma. Gross image of a seminoma show-
ing a relatively well-circumscribed, lobulated, tan-white- 
colored bulging mass with a smooth surface

7 Testicular Germ Cell Tumors



278

a b

Fig. 7.8 (a, b) Seminoma. At low magnification a sheet-
like pattern of growth with interspersed bands of connec-
tive tissue containing lymphocytes is seen (a). Higher 

magnification demonstrates uniform polygonal cells with 
clear cytoplasm, angulated or “squared-off” nuclei and 
distinct cell membranes (b)

Fig. 7.9 Seminoma. Seminoma with prominent areas of 
necrosis

a b

Fig. 7.10 (a, b) Seminoma. Seminomas are frequently associated with foci of granulomatous inflammation (a) and 
syncytiotrophoblastic giant cells (b)
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Some seminomas show a tendency to form 
tubular, cribriform, or microcystic structures 
(Fig. 7.11), by virtue of developing spaces in 
between the solid growth of tumor cells [110–
114]. These spaces are often associated with 
prominent intratumoral edema, but in other cases 
it may be artifactually induced by poor fixation or 
tumor degeneration. The result is a neoplasm that 
deviates from the classical appearance of semi-
noma and introduces the possibility of other 
diagnosis, such as YST or Sertoli cell tumor 
[112]. Usually typical areas of solid growth can 
be seen nearby. Difficult cases may require 
immunohistochemistry to resolve this differential 
diagnosis. Occasionally, seminomas may have 
prominent signet-ring cell change, a finding that 
may elicit the differential diagnosis with meta-
static carcinoma (Fig. 7.11) [115]. Some semino-
mas may show exclusively or predominantly an 
intertubular growth pattern, without forming a 
discrete mass or nodule [116]. Intratubular semi-
noma was discussed in the section of GCNIS. It 
is not infrequently seen in association with inva-
sive seminoma. Finally, some seminomas may 
have a very prominent lymphoid infiltrate that 
not only obscures the neoplastic cells but may 
even simulate a lymphoma involving the testis 

[117, 118]. Awareness of this phenomenon 
should prompt the careful search of typical semi-
noma cells and the use of appropriate immuno-
histochemical markers.

7.5.2.4  Immunohistochemistry
Seminoma is typically positive for OCT4, PLAP, 
c-KIT, podoplanin, SOX17, and SALL4 (Table 
7.4). Keratin A1/AE3 expression is usually focal 
and weak, although, in our institutional experi-
ence, we have come across rare cases with dif-
fuse reactivity. Seminoma lacks expression of 
CD30, SOX2, AFP, glypican-3, and ß-hCG [82].

7.5.2.5  Differential Diagnosis
The differential diagnosis of seminoma includes 
other forms of GCT, Sertoli cell tumors, and lym-
phoma. Solid variants of EC and YST are the 
most common types of GCT confused with semi-
nomas. EC displays more pleomorphism than 
seminoma, and typically there is at least focal 
glandular differentiation. When both types of 
tumors are present, comparison of the nuclear 
characteristics may help in classifying an area of 
solid growth. Additionally, nuclei of EC fre-
quently overlap, and cell borders are difficult to 
differentiate, imparting a “syncytium” appear-

Fig. 7.11 Seminoma. 
Seminoma with tubular 
pattern of growth. Note 
also the focal signet-ring 
cell change
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ance. Cytoplasm in EC tends to be more ampho-
philic and dense. Differential expression of 
cytokeratin, CD30, c-KIT, and SOX17 may help 
in difficult cases. YST may be confused with 
seminoma, specially its solid and microcystic 
growth patterns. Solid YST lacks the fibrous sep-
tae and lymphocytic infiltrate of seminoma and is 
rarely unaccompanied by more classical patterns, 
except in biopsy specimens. Cytologically, they 
show more variation in size and shape of the 
nuclei and are accompanied by hyaline globules 
and basement membrane material deposition. In 
tumors with microcystic architecture, attention 
should be paid to the cells lining the microcysts. 
In seminoma, they maintain their size and shape, 
while in YST they tend to be flattened, forming a 
lining [112]. A potentially critical misdiagnosis 
occurs when Sertoli cell tumors grow with a solid 
growth pattern mimicking seminomas, some-
times even with an associated lymphocytic infil-
trate. Attention should be paid to the much lower 
nuclear grade of Sertoli cell tumors. The absence 
of associated GCNIS is an important diagnostic 
clue that should prompt appropriate immunohis-
tochemical stains [119]. As stated above, some 
lymphoid stroma-rich seminomas may mimic 
lymphomas, while those associated with a promi-
nent granulomatous reaction may lead to a misdi-
agnosis of granulomatous orchitis. Seminomas 
are the prototype of testicular neoplasms with a 
solid growth pattern. The differential diagnosis 
of this morphologic category is presented in 
Table 7.5.

7.5.2.6  Prognosis
Clinical stage I seminoma has a cure rate of 99 %. 
Relapse rates at this stage are 15–19 % [120], 
with most posttreatment relapses occurring 
within 3 years post-orchiectomy [121]. 
Metastases typically occur first in the retroperito-
neal lymph nodes and subsequently at supradia-
phragmatic sites. Metastatic seminoma within 
the good prognosis group as determined by the 
International Germ Cell Cancer Collaborative 
Group has an overall 95 % survival rate. 
Intermediate prognosis seminoma is rare; there-
fore survival rates reported are limited by low 

patient numbers [120]. There is contradictory 
data with regard to prognostic value of rete testis 
invasion, tumor size, and invasion into the tunica 
albuginea in stage I seminoma [122–126].

7.5.3  Embryonal Carcinoma

7.5.3.1  General Aspects
In its pure form, EC represents 3 % of testicular 
neoplasms, but nearly 40 % of testicular GCT 
have a component of EC. The peak incidence of 
this tumor is in the second to third decade with an 
average of 32 years, about a decade earlier than 
seminomas. EC is rare in the prepubertal setting 
and appears to be associated with DSD [102]. 
The most common presentation is that of a pal-
pable testicular mass (80 %) followed by 
hormonal- related symptoms, such as gynecomas-
tia (10 %) and symptomatic metastatic disease 
(10 %) [127]. Metastases occur via hematoge-
nous and lymphatic pathways and primarily 
affect the periaortic lymph nodes, lung, and liver 
[63]. Although older reports have noted serum 
AFP elevations in patients with pure EC, current 
literature suggests this may be the result of unrec-
ognized YST elements [128]. ß-hCG elevation is 
commonly seen in EC and reflects the presence 
of syncytiotrophoblasts.

7.5.3.2  Macroscopy
EC has a bulging soft, pale tan, pink, or dark- 
brown cut surface with areas of hemorrhage and 
necrosis (Fig. 7.12). The tumor borders are often 
ill defined. Tumor extension into the mediasti-
num testis and testicular adnexa is observed in up 
to 25 % of cases [106]. Compared to seminoma, 
EC are smaller at presentation, with average 
tumor size of 2.5 cm in diameter.

7.5.3.3  Microscopy
EC is composed of large pleomorphic cells with 
indistinct borders and nuclear crowding or 
overlap. Most tumor cells show vesicular chro-
matin and macronucleoli. The cytoplasm is pre-
dominantly basophilic although foci of 
amphophilic or clear cytoplasm are not unusual. 
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Table 7.5 Differential diagnosis of testicular tumors with a solid growth pattern

Key features Pearls for differential diagnosis

Seminoma Solid sheets or nests
Interstitial, tubular, trabecular, or sclerotic variants
Fibrous septae dividing sheets of tumor cells
Tumor cells evenly spread, no overlap
Open chromatin with prominent nucleoli
Squared-off nuclei

Clear to pale cytoplasm
Variable lymphoplasmacytic infiltrate
Granulomatous inflammation (30 % of 
cases)
Fibrosis and sclerosis may be prominent
Scattered syncytiotrophoblastic giant cells 
frequently present
GCNIS in surrounding tubules

Sertoli cell 
tumor

At least focal tubular differentiation
Uniform cuboidal or columnar cells
Light eosinophilic to pale cytoplasm with vacuoles
Round-ovoid nuclei, inconspicuous nucleoli, rare 
mitosis
Fibrous septae and lymphoid infiltrates may be 
present

Tumors with solid growth, fibrous septae, 
and lymphoid infiltrates may strongly 
resemble seminoma
Absence of GCNIS
Smaller, more irregular nuclei, with less 
prominent nucleoli and less mitoses than 
seminoma

Yolk sac tumor 
(solid pattern)

Usually associated with other patterns of YST
Solid sheets of polygonal cells with pale eosinophilic 
or clear cytoplasm
Variable nuclear shape and size
Hyaline globules
Basement membrane deposition
GCNIS present

More pleomorphism than what is seen in 
seminoma, but less than embryonal 
carcinoma
Absence of fibrous septae and lymphocytic 
infiltrate

Embryonal 
carcinoma 
(solid pattern)

Areas of papillary and glandular pattern
Large polygonal, highly pleomorphic cells with 
amphophilic or clear cytoplasm
Necrosis and hemorrhage
Frequent mitoses and apoptosis
GCNIS present

Highest degree of pleomorphism
Additional sampling may reveal areas 
more typical for embryonal carcinoma

Spermatocytic 
tumor

Solid growth pattern uninterrupted by fibrous septae
Scant fibrous or edematous stroma
Three distinct cell types:
 Small lymphocyte-like: 6–8 μm
 Intermediate cells: 15–20 μm
 Giant cells: 50–100 μm
May have intratubular growth
No GCNIS

Cells with pale cytoplasm, more 
pleomorphic on medium power than 
seminoma
Lack of GCNIS, fibrous septae, 
lymphocytic infiltrate, or granulomatous 
inflammation differentiates it from classic 
seminoma
Tends to occur in older patients, although 
age ranges may overlap

Leydig cell 
tumor

Solid sheets of oxyphilic cells
Abundant eosinophilic cytoplasm, round nuclei, 
prominent nucleoli
Cytoplasmic lipofuscin or Reinke crystals
Fibrous, hyalinized, edematous, or myxoid stroma
May show fatty metaplasia, spindle, clear cell, or 
microcystic changes

Dense eosinophilic cytoplasm separates 
them from the other entities; however, 
some may have cytoplasmic clearing
Absence of GCNIS separates them from 
GCT

Lymphoma More likely in older patients and bilateral
Generally diffuse large B cell type
Intertubular (interstitial) growth pattern
Intratubular growth may be seen
Variable sclerosis
Large atypical cells with angulated nuclei and 
eosinophilic cytoplasm

Seminoma rarely shows a prominent 
interstitial growth pattern
Cells in seminoma tend to have clearer and 
more abundant cytoplasm
Absent GCNIS in lymphoma may aid in 
distinction

Metastasis Metastatic clear cell renal cell carcinoma, prostatic 
adenocarcinoma, and melanoma may grow in sheets 
of clear/pale cells
Morphologic features variable depending on primary 
origin of tumor

Usually known history of malignancy
Metastases tend to occur in older patients, 
compared to germ cell tumors
High level of suspicion in morphologic 
features that do not fit working diagnosis
May require IHC to establish primary

YST yolk sac tumor, GCNIS germ cell neoplasia in situ, GCT germ cell tumors, IHC immunohistochemistry

R.E. Jimenez et al.



283

Single-cell necrosis with frequent apoptotic 
bodies and mitosis are also readily encountered. 
Architecturally solid, papillary, and glandular 
patterns are the most common (Figs. 7.13, 7.14, 

and 7.15). The majority of EC show coexis-
tence of two or more of the abovementioned 
patterns. Syncytiotrophoblasts are common in 
EC with a reported frequency of 46 % [129]. 
They are typically not associated with hemor-
rhage, in contrast with CC. Small amounts of 
undifferentiated spindled cellular stroma are 
accepted by some authors as part of EC, while 
others regard this as immature teratomatous 
mesenchyme [102, 127]. A granulomatous 
response of varied severity may be seen in EC 
[129]. Angiolymphatic invasion is commonly 
encountered at the periphery of the tumor. In 
fact, EC is the most common tumor identified in 
foci of lymphovascular invasion in mixed 
GCT. Intratubular EC is also similarly found at 
the edge of the tumor and is characterized by 
smudged hyperchromatic tumor cells admixed 
with abundant eosinophilic necrotic debris. 
Recognition of a thickened tubular basement 
membrane and residual Sertoli cells is helpful 
in avoiding misdiagnosis of intratubular EC as 
angiolymphatic invasion. Coarse calcifications 
are often seen in intratubular EC (Fig. 7.5b).

Fig. 7.12 Embryonal carcinoma. Gross image shows an 
ill-defined mass with a bulging, soft, pale-tan cut surface 
and prominent areas of hemorrhage and necrosis

Fig. 7.13 Embryonal carcinoma, solid architectural pat-
tern. These neoplasms show high-grade nuclear features, 
characterized by large pleomorphic cells with nuclear 
crowding and basophilic to clear cytoplasm. Foci of 

single- cell necrosis and apoptosis are easily appreciated. 
Inset shows strong membranous expression of CD30 by 
immunohistochemistry
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The morphologic spectrum of EC is relatively 
broad [129]. It includes patterns commonly 
associated with YST (see below) or that may 
mimic seminoma or other neoplasms. An impor-
tant pattern to recognize is the so-called appli-
qué pattern. This results in smudged degenerated 
cells located at the periphery of tumor nests. 
These cells closely resemble syncytiotropho-
blasts and may lead to confusion with 
CC. Secretory-type change is characterized by 
subnuclear vacuoles similar to secretory endo-
metrium. The pseudo- endodermal sinus pattern 
includes the presence of structures similar to the 
Schiller-Duval bodies of YST [130]. Sievelike 
pattern is reminiscent of the microcystic pattern 
of YST. In these patterns, differentiation from 

YST is based on the degree of pleomorphism of 
the tumor cells. In cases difficult to categorize, 
immunohistochemical staining with CD30 and 
OCT4 would favor EC. Solid forms may show 
tumor cells with prominent cell membranes and 
even mild lymphocytic infiltrate, resembling 
seminoma. Again, these EC variants will present 
higher degrees of pleomorphism than seminoma, 
and in difficult cases keratin and CD30 staining 
should resolve the problem. Other less common 
patterns include nested pattern, micropapillary 
pattern, anastomosing glands, necklace pattern, 
and a blastocyst-like pattern, characterized by 
large vesicles with edema fluid. Given the impor-
tance of reporting the percentage of EC in a 
mixed GCT (see below), accurate recognition of 
these patterns is mandatory to not under or over-
estimate the proportion of EC.

7.5.3.4  Immunohistochemistry
EC is positive for cytokeratin cocktails, OCT4, 
CD30 (Fig. 7.13, inset), SALL4, SOX2, and 
PLAP. The latter is usually weaker than that 
observed in seminoma. AFP may be focally posi-
tive. CD30 may be negative in metastatic EC 
[99]. In this setting coexpression of OCT4, 
SALL4, and strong and diffuse expression of 
cytokeratins may help support the diagnosis 
[131]. hCG expression is limited to syncytiotro-
phoblasts [97].

7.5.3.5  Differential Diagnosis
The solid pattern of EC may be confused with 
seminoma, lymphoma, ST, or solid YST (Table 
7.5). YST is also a differential diagnosis in pap-
illary and glandular patterns of EC (Table 7.6). 
The cytological features of EC may be sufficient 
to discriminate against other germ cell tumors in 
most cases; however, difficult cases can be eas-
ily resolved with the aid of immunohistochemi-
cal studies. Diffuse reactivity for OCT4, CD30, 
and cytokeratin is usually diagnostic (Table 7.4). 
Metastatic carcinomas to the testis may pose dif-
ficulty in distinguishing them from EC, but the 
absence of GCNIS, the usually older age of the 
patients, and commonly an intertubular growth 
pattern can raise the suspicion of a metastatic 
process [88].

Fig. 7.14 Embryonal carcinoma. Glandular architectural 
pattern

Fig. 7.15 Embryonal carcinoma. Papillary architectural 
pattern with prominent fibrovascular cores
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Table 7.6 Differential diagnosis of testicular tumors with non-somatic glandular and/or microcystic growth pattern

Key features Pearls for differential diagnosis

Yolk sac tumor Most morphologically versatile tumor
YST patterns with glandular morphology 
include the microcystic/reticular, endodermal 
sinus, papillary and tubulopapillary, 
polyvesicular vitelline, glandular-alveolar, 
enteric/endometrioid, macrocystic patterns

Relatively uniform cells with clear or 
vacuolated to eosinophilic cytoplasm
Bland cuboidal, columnar, flattened, or 
spindle cells
Hyaline globules
Basement membrane deposition
GCNIS present

Embryonal 
carcinoma

Large infiltrative glands
Areas of papillary and glandular pattern
Large polygonal, highly pleomorphic cells 
with amphophilic or clear cytoplasm
Necrosis and hemorrhage common
Frequent mitoses and apoptosis
GCNIS present

Pleomorphism is much more severe in 
embryonal carcinoma than in YST
YST tend to have more variation in the 
morphologic patterns within one tumor
Hyaline globules and basement membrane 
material suggest YST
Frequently both tumors intermingled and 
closely associated

Rete testis/
epididymal 
adenocarcinoma

Invasive growth with prominent desmoplasia
Centered in the rete testis or epididymis, 
where transition to malignancy may be seen
Solid, papillary, tubulopapillary growth
Marked nuclear atypia, mitoses, apoptosis, 
necrosis
Intracytoplasmic or extracellular mucin

Higher grade and desmoplasia should 
differentiate it from YST
Absence of GCNIS separates it from all GCT
Location and transition to their benign 
counterparts helps in its separation from 
mesothelioma
Metastatic process needs to be excluded with 
clinicopathologic correlation and IHC

Malignant 
mesothelioma

Epicenter in tunica vaginalis
Histologic transition from mesothelial lining
Majority pure epithelial or biphasic
Papillary, tubulopapillary, glandular, or solid 
growth patterns
Invasion beyond tunica

Tumor epicenter is different from testicular 
neoplasms
GCT occur in younger patients
May require IHC to separate from other 
entities in the differential diagnosis

Metastatic 
adenocarcinoma

Morphologic features variable depending on 
primary origin of tumor
Tend to show a prominent intertubular and 
intravascular growth pattern
Most common sites: prostate, lung, kidney, 
GI tract

Usually known history of malignancy
Metastases tend to occur in older patients, 
compared to germ cell tumors
High level of suspicion in morphologic 
features that do not fit working diagnosis
May require IHC to establish primary

Leydig cell tumor Oxyphilic cells, with abundant eosinophilic 
cytoplasm, round nuclei, prominent nucleoli
Cytoplasmic lipofuscin or Reinke crystals 
may be seen
Fibrous, hyalinized edematous, or myxoid 
stroma
Fatty metaplasia, spindle, clear cell, or 
microcystic changes

Dense eosinophilic cytoplasm separates them 
from the other entities; however, they may 
have cytoplasmic clearing
Absence of GCNIS separates them from 
GCT

Sertoli cell tumor Uniform cuboidal or columnar cells
Light eosinophilic to pale cytoplasm with 
vacuoles
Round-ovoid nuclei, inconspicuous nucleoli, 
rare mitosis
Tubular growth is the norm, whether hollow 
or solid
Microcystic pattern not uncommon

Combination of tubular growth and relatively 
low nuclear grade should differentiate from 
germ cell tumors
Relative monotony of seminomas may be 
more difficult to differentiate
Absence of GCNIS is strong clue

(continued)
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7.5.3.6  Prognosis
EC is considered an aggressive form of GCT. In 
fact, the percentage of EC in mixed germ cell 
tumors has been regarded as a risk factor for 
 metastatic spread [132, 133] (see “Mixed GCT” 
below). 

7.5.4  Yolk Sac Tumor

7.5.4.1  General Aspects
YST is a malignant germ cell tumor that reca-
pitulates the primitive endodermal structures, 
including embryonic yolk sac, allantois, and 
extraembryonic mesenchyme. A detailed review 
of the nomenclature, histogenesis, and histo-
logic types is included in Chap. 6. In the testis, 
pure YST has a bimodal distribution with most 
cases occurring in the prepubertal period, while 
it is uncommon in the postpubertal period. Most 
reported cases of adult YST have occurred in 
the third and fourth decade. Elements of YST 
are present in up to half of mixed germ cell 
tumors. Clinically, YST presents as a painless 
palpable testicular mass. Elevation of serum 
AFP is noted in 95–100 % of cases [134].

7.5.4.2  Macroscopy
YST appears poorly circumscribed and nonen-
capsulated and has a homogenous gray to white 

to tan gelatinous cut surface. Hemorrhage, necro-
sis, and cystic degeneration may be seen.

7.5.4.3  Microscopy
YST shows the most diverse histology among 
GCT with a multiplicity of architectural patterns, 
including microcystic (reticular), macrocystic, 
endodermal sinus, papillary, solid, glandular/
alveolar (including so-called endometrioid and 
enteric), polyvesicular vitelline, myxomatous, 
sarcomatoid, hepatoid, and parietal. A more 
detailed description of the histologic types is pre-
sented in Chap. 6.

The microcystic or reticular pattern is the 
most common and consists of anastomosing 
cords of vacuolated to spindled cells resulting in 
a meshwork or spider web like appearance 
(Fig. 7.16). The cystic spaces often show baso-
philic secretions. Coalescence of the small cysts 
gives rise to the macrocystic pattern. The endo-
dermal sinus pattern is characterized by the pres-
ence of Schiller-Duval bodies, which consist of 
papillary structures lined by a cuboidal to colum-
nar malignant- appearing epithelium with a dis-
tinct central vessel (Fig. 7.17). The papillae are 
recessed in a cystic space lined by flattened epi-
thelium. Papillary formations with or without 
fibrovascular cores that project into cysts are the 
hallmark of the papillary pattern. The lining cells 
often exhibit a hobnail appearance with high 

Table 7.6 (continued)

Key features Pearls for differential diagnosis

Seminoma with 
tubular pattern

Tubular or microcystic patterns may be seen
Fibrous septae dividing sheets of tumor cells
Tumor cells evenly spread, no overlap
Open chromatin with prominent nucleoli
Prominent lymphoid infiltrate and occasional 
granulomas

Seminomas more monotonous than YST
Hyaline globules, papillary formation, 
basement membrane material suggest YST
YST have flattened cells surrounding the 
cysts; in seminomas cells surrounding the 
cysts are identical to the rest

Adenomatoid 
tumor

Well-circumscribed mass, formed by tubules, 
gland-like irregular spaces, retiform 
architecture
Cells may be cuboidal, flat, ovoid
Round nuclei; dense cytoplasm with large 
vacuoles
May show infarction

YST more intraparenchymal, while AT more 
peripheral
YST has obvious malignant cytologic 
features
GCNIS would suggest a germ cell tumor 
over AT
Differentiated from mesothelioma on degree 
of infiltration and pleomorphism

YST yolk sac tumor, GCNIS germ cell neoplasia in situ, GCT germ cell tumors, IHC immunohistochemistry, AT adeno-
matoid tumor
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nuclear to cytoplasmic ratios. Exfoliated cells 
forming cell clusters can be seen in proximity of 
these papillae. The solid pattern consists of sheets 
of polygonal cells with variable nuclear yet with 
well-defined borders and moderate amounts of 
clear to amphophilic cytoplasm (Fig. 7.18). A 
variant form of solid YST with scant cytoplasm 
may have a blastema-like appearance. Glands 
lined by columnar epithelium with intestinal and 
secretory-phase endometrium-like features com-
prise the glandular pattern. These glands may be 
simple or branching and often present in a back-
ground of other YST patterns including micro-

cystic, macrocystic, solid, or polyvesicular 
vitelline. The lining epithelium usually lacks 
cytological atypia and therefore it could be easily 
mistaken as teratomatous epithelium. Glandular 
branching and absence of an encircling smooth 
muscle layer are features that help differentiate 
YST from teratoma. The polyvesicular vitelline 
pattern is exceptional in the testis. It consists of 
vesicles/cysts lined by a bland epithelium present 
in an edematous to fibrous stroma. The vesicles 
may show an area of constriction which gives rise 
to an eight-shaped structure. The epithelium lin-
ing the vesicles often transitions from flat to 
cuboidal to columnar at the site of constriction. 
The myxomatous pattern consists of scattered 
innocuous spindle or stellate cells in a loose, 
myxoid stroma, which often features a rich capil-
lary network (also called angioblastic pattern). 
Focal differentiation into skeletal muscle and car-
tilaginous elements is allowed in YST and should 
not prompt a diagnosis of teratoma [106]. The 
term sarcomatoid YST has been used to describe 
tumors with spindled cellular stroma that retains 
cytokeratin reactivity. A recent study [135] has 
proposed that some somatic sarcomatoid malig-
nancies may actually represent sarcomatoid 
YST. Hepatoid YST consists of cells with abun-
dant eosinophilic cytoplasm, large central 
nucleus, and prominent nucleolus arranged in 
nests, cords, or trabeculae. Bile secretion and 

Fig. 7.16 Yolk sac tumor. Yolk sac tumor exhibiting the 
common microcystic or reticular architectural pattern

Fig. 7.17 Yolk sac tumor. Yolk sac tumor with an endo-
dermal sinus pattern, characterized by papillary structures 
lined by a cuboidal to columnar epithelium with a distinct 
central vessel (Schiller-Duval bodies)

Fig. 7.18 Yolk sac tumor. Yolk sac tumor showing a 
solid pattern of growth. While exhibiting some degree of 
pleomorphism, it is considerably less atypical than 
embryonal carcinoma
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canaliculi have been observed in these tumors. 
Parietal YST is characterized by bland neoplastic 
cells embedded in dense eosinophilic basement 
membrane material that recapitulates the parietal 
layer of the murine yolk sac (Reichert’s mem-
brane). As noted above, cytological features of 
YST may vary across histological patterns. 
Significant nuclear atypia may be seen in solid, 
glandular, and sarcomatoid patterns of 

YST. Mitotic activity and single-cell necrosis can 
also be noted but are typically less prominent 
than in EC. A characteristic yet not pathogno-
monic feature of YST cells is the presence of 
intracytoplasmic eosinophilic globules, which 
are PAS-positive (Fig. 7.19).

7.5.4.4  Immunohistochemistry
Expression of AFP is variable and in many 
cases entirely absent. Intense staining for AFP 
is often seen in hepatoid pattern and in intracy-
toplasmic eosinophilic globules. Villin, glypi-
can-3, SALL4, and low-molecular-weight 
keratins are often  positive (Fig. 7.20) [82, 136, 
137]. Rarely, c-KIT, SOX2, PLAP, and podo-
planin positivity may be seen in YST [138]. 
This could represent a pitfall in the differentia-
tion of the solid variant from seminoma. OCT4 
and CD30 are negative. Hep- Par- 1 reactivity has 
been documented in areas with or without hepa-
toid differentiation [136].

7.5.4.5  Differential Diagnosis
YST is the prototypic testicular neoplasm with 
glandular differentiation, a differential that is 

Fig. 7.19 Yolk sac tumor. Characteristic eosinophilic 
globules

Fig. 7.20 Yolk sac 
tumor. Microcystic 
architectural growth 
pattern of yolk sac tumor, 
with the inset showing 
characteristic expression 
of glypican-3 by 
immunohistochemistry
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summarized in Table 7.6. Glandular YST may be 
confused with immature teratoma, as previously 
discussed. Solid YST may resemble seminoma. 
The lack of fibrous septa with lymphocytic infil-
tration may help in their differentiation. 
Immunohistochemical reactivity for OCT4 
excludes YST and therefore is useful in their dis-
tinction. OCT4 may prove useful when glands or 
papillary structures show cytological atypia that 
overlaps with EC.

7.5.4.6  Prognosis
Prognostic data for adult pure YST is limited due 
to the rarity of this entity. A series of 12 patients 
with stage I and II adult pure YST revealed a 
similar clinical behavior with respect to other 
non- seminomatous testicular GCT [139].

7.5.5  Postpubertal-Type Teratoma

7.5.5.1  General Aspects
Teratomas are GCT that display differentiation 
into somatic elements, including components of 
variable proportions from the ectoderm, meso-
derm, and endoderm layers of the developing 
embryo. In the testis, they occur in two settings, 
based on the developmental stage of the sur-
rounding testis: prepubertal or postpubertal. 
Contrary to their ovarian counterpart, the vast 
majority of postpubertal testicular teratomas are 
malignant, independent of the degree of maturity 
of its constituent elements. This is explained by 
the different histogenesis in both neoplasms. 
While in the ovary, teratomatous transformation 
of the germ cell occurs via parthenogenesis, in 
the testis it is most often an event that takes place 
after malignant transformation of a germ cell. As 
most other GCT in the male gonad, teratoma 
arises in association with GCNIS and, as 
explained before, likely corresponds to a termi-
nally differentiated invasive component derived 
from more primitive forms, such as EC. Thus, 
postpubertal teratoma in the testis represents a 
form of differentiation of an already malignant 
neoplasm with a type II histogenesis. This 

explains its metastatic potential, independent of 
its degree of immaturity, and the fact that it is 
most frequently seen in association with other 
forms of GCT. Pediatric teratomas are reviewed 
in Chap. 10. However, occasionally, some terato-
mas in the postpubertal testis have a histogenesis 
and morphology comparable to those of the pre-
pubertal gonad (type I) and thus behave in a 
benign fashion [140]. They are currently classi-
fied as prepubertal-type teratomas by the WHO 
[76] and will be considered separately (see 
below).

7.5.5.2  Macroscopy
Gross features of teratomas reflect their more 
prevalent somatic components (Fig. 7.21). Cysts 
filled with mucinous material or keratinaceous 
laminated debris are common. However, testicu-
lar teratomas tend to be more solid than the ovar-
ian counterpart. More fleshy solid areas usually 
represent less differentiated components and may 
be associated with hemorrhage or necrosis. Bone, 
fat, cartilage, or even teeth material may be seen. 
Hair is rarely seen, and its presence should sug-
gest a prepubertal-type teratoma.

7.5.5.3  Microscopy
In contrast to mature ovarian teratomas and pre-
pubertal teratomas, postpubertal teratomas lack a 
well-organized organoid distribution of the dif-
ferent elements and display significant cytologic 
atypia and mitotic activity. Because of the lack of 
organoid arrangement, the exact somatic struc-
ture being replicated is sometimes difficult to 
determine. Representation from all three embry-
ological layers is usually, but not always, present 
(Fig. 7.22). Glandular elements often include 
enteric-type epithelium, with variable amount of 
goblet cells, or mucinous glands (Fig. 7.23). 
Ciliated respiratory-type epithelium is also com-
mon. Frequently, glands with cylindrical cells 
with no particular differentiation are seen. 
Specialized glandular elements such as the liver, 
thyroid, or pancreas are rare [141]. Squamous 
nests are frequently present, displaying varying 
degrees of keratinization (Fig. 7.24). Commonly 
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encountered mesenchymal elements include the 
cartilage, skeletal and smooth muscle, and rarely 
fat. Some of these elements may not be fully 
mature and may resemble mesenchymal tissue of 
the fetus and embryo.

More primitive, embryonic-type tissues, such 
as neuroepithelium and nephroblastic-type tis-
sue, are commonly seen (Fig. 7.25). The pres-
ence of these elements does not impact prognosis 
or diagnostic terminology, unless frank over-
growth is present, in which case one must con-
sider the possibility of a secondary malignancy 
[135] (see Chap. 12). Neuroectodermal tissue 
usually includes formation of neural-type tubules, 
rosettes, or sheets of undifferentiated primitive 
neuroectodermal small cells. Transition to better- 
differentiated glial type tissue may be seen. Other 
neural related tissues include meninges and 
retina- type pigmented epithelium. 
Nephroblastoma-type elements include primitive 
tubules, primitive spindle cells, and blastema ele-
ments. As in other types of postpubertal germ 
cell neoplasia in the testis, GCNIS is seen in adja-
cent tubules.

Another feature in testicular teratomas that 
differs from the ovarian counterpart is that all 
elements, including those with complete matu-
rity, show some degree of cytologic dysplasia. 
This is easily seen in the epithelial elements, 

which frequently show nuclear hyperchromasia, 
irregular chromatin, and mitotic features, and 
can also be seen in the chondrocytes of the carti-
lage islands and other mesenchymal elements 
(Figs. 7.22 and 7.23).

7.5.5.4  Immunohistochemistry
The immunophenotype of teratoma components 
recapitulates that of the somatic elements that 
are being reproduced. Pluripotentiality markers 
are expressed less consistently than in other 
types of GCT. SALL4 marks up to 80 % of ele-
ments within the teratoma. Glypican-3 is seen 
usually in more immature elements. PLAP and 

Fig. 7.21 Postpubertal 
teratoma. Gross image of 
a mixed germ cell tumor 
with prominent 
teratomatous elements 
characterized by 
cartilaginous (upper left) 
and numerous cystic areas

Fig. 7.22 Postpubertal teratoma. Squamous epithelium- 
lined cystic space is seen adjacent to cartilage
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AFP are usually seen in only a subset of epithe-
lial elements, while OCT4 is usually negative 
[82]. IMP3, an oncofetal protein that plays an 
important role in embryogenesis and carcino-
genesis, is selectively expressed in postpubertal 
male teratomas and is negative in the female 
counterpart [142].

7.5.5.5  Differential Diagnosis
Teratoma needs to be differentiated from other 
GCT, particularly in the setting of a mixed 
GCT. While a large component of teratoma is 
hardly underrecognized, small amounts of 
somatic glands within extensive areas of EC or 
YST may be overlooked. Attention should be 

paid to the organization of the cells within the 
gland, which contrasts with the disorganized and 
primitive look of YST and EC elements. Some 
patterns of YST may be misinterpreted as tera-
toma, particularly the glandular, alveolar pat-
terns, or the hepatoid patterns. Teratoma admixed 
with YST usually have abrupt transitions between 
both elements, while these YST patterns usually 
merge imperceptibly with more classical pat-
terns. Also, teratomas will usually display other 
more easily recognizable components, such as 
cartilage or squamous epithelium. Regardless, 
misinterpretation of small amounts of teratoma 
as other GCT or vice versa, in the setting of a 
mixed GCT, would rarely have a significant clini-
cal impact. Distinction from prepubertal-type 
teratomas, including dermoid cysts, which carry 
a markedly different prognosis, is explained 
below.

7.5.5.6  Prognosis
Postpubertal teratomas are rarely pure, and thus 
its behavior is usually compounded by that of the 
other elements associated with it. Cases of pure 
teratomas have been shown to present with 
metastases, and metastases from mixed GCT fre-
quently contain teratoma components. Whether 
this represents and inherent metastatic potential 
of the teratoma elements or the teratoma repre-
sents a maturation process occurring in a metas-
tasis from another GCT (particularly EC), is 
difficult to determine. Nevertheless, the associa-

Fig. 7.23 Postpubertal teratoma. Glandular, enteric-type 
epithelium exhibiting prominent cytologic atypia

Fig. 7.25 Postpubertal teratoma. Primitive, embryonic- 
type tissues, such as neuroepithelium, in this case with 
prominent rosetting, is frequently seen

Fig. 7.24 Postpubertal teratoma. Keratinizing squamous 
epithelium is seen adjacent to glandular elements with 
nondescript histologic differentiation
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tion of teratoma with metastases and potential 
death due to disease in patients with GCT is well 
established. Up to 37 % of pure teratomas present 
with metastases [143]. Pure teratoma metastases 
are frequently found in patients that have under-
gone chemotherapy for metastatic mixed GCT, 
presumably because other GCT components 
have a better response to chemotherapy, or, alter-
natively, because chemotherapy induces other 
components to differentiate into teratoma. 
Regardless, outcome is generally favorable. 
Exceptions include the occurrence of secondary 
malignancy [135] (see Chap. 12) or cases where 
complete surgical removal is not possible. In this 
setting, progressive growth of the teratomatous 
metastases may result in lethal compression of 
vital structures with ultimate demise of the 
patient [144–146].

7.5.6  Choriocarcinoma

7.5.6.1  General Aspects
Choriocarcinoma (CC) is a GCT that shows tro-
phoblastic differentiation and is composed of a 
variable mixture of mononucleated cytotropho-
blastic and multinucleated syncytiotrophoblastic 
cells. A pure form of the former may be seen, 
more commonly in the metastatic setting, and 
occasionally in primary tumors [147]. In the tes-
tis, CC is usually a component of a mixed GCT, 
with pure forms corresponding to less than 1 % of 
all GCT [148]. Other variants of less common tro-
phoblastic tumors, such as epithelioid trophoblas-
tic tumor and placental site trophoblastic tumor, 
will be discussed separately.

7.5.6.2  Clinical Presentation
As part of a mixed GCT, they usually present as a 
painless testicular mass. However, occasionally in 
this context or more frequently when extensive, 
predominant, or pure, CC presents as metastatic 
disease, with symptoms related to hemorrhagic 
metastasis (hemoptysis, melena, intracranial hem-
orrhage, etc.) [149–152]. In these cases, a clini-
cally evident primary may not be readily apparent. 
Serum β-hCG levels are typically high (usually 
>100,000 mIU/mL). Gynecomastia and hyperthy-

roidism have been described, and this is second-
ary to structural and functional similarities 
between the alpha chain of hCG and TSH and 
FSH [153–157].

7.5.6.3  Macroscopy
CC are frequently diagnosed while they are still 
small primary lesions in the testis, given their 
propensity to present clinically with symptoms 
of metastatic disease before a testicular mass is 
discovered. Even at this small size, tumors tend 
to be extensively necrotic and hemorrhagic, 
with usually solid residual tumor in the periph-
ery. Larger tumors tend to be extensively 
cystic.

7.5.6.4  Microscopy
Histologically, classic CC shows a mixture of 
cyto- and syncytiotrophoblasts (Figs. 7.26 and 
7.27). The latter is characterized by multinucle-
ated giant cells with abundant eosinophilic cyto-
plasm. They may show vacuolated cytoplasm 
and other degenerative changes. Nuclei within 
them tend to have dense chromatin and occa-
sional nucleoli. Cytotrophoblasts are polygonal 
or round cells with well-demarcated cell borders. 
They are usually small to medium sized, with 
irregular nuclei, vesicular chromatin, and visible 
nucleoli. Mitotic activity is easily seen. They 
usually cluster, forming tight aggregates. Some 
tumors contain cells of intermediate size, with 
more abundant and eosinophilic cytoplasm. 
Because these cells appear to morphologically 
and immunophenotypically imitate intermediate 
trophoblasts [158], some authors prefer to refer 
to all non-syncytiotrophoblast cells as “mono-
nucleated trophoblast cells” to encompass both 
lines of differentiation (i.e., cytotrophoblast and 
intermediate trophoblast) [86]. Both mononu-
clear and multinucleated components are inti-
mately associated, with syncytiotrophoblast cells 
frequently wrapping or capping aggregates of 
cytotrophoblast cells. Some cases have a relative 
paucity of syncytiotrophoblast cells and may 
appear monophasic, particularly when composed 
predominantly of the larger mononucleated cells. 
Extensive areas of necrosis and hemorrhage are 
frequently seen. Tumor cells tend to project into 
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hemorrhagic areas with columns recapitulating 
the extravillous growth of trophoblast in the pla-
centa. Vascular invasion is almost invariably 
seen in tumors with large components of CC. As 
with most of the other germ cell tumor types, 
GCNIS is seen in the adjacent seminiferous 
tubules.

7.5.6.5  Immunohistochemistry
By immunohistochemistry, CC is negative for 
OCT4 [82]. Syncytiotrophoblastic giant cells are 
usually positive for β-hCG and glypican-3, while 
both components tend to show expression of 
EMA, MUC1, CEA, SALL4, GATA3, and 
α-inhibin [159]. Contrary to other epithelial 
GCT, CK7 is expressed in a subset of tropho-

blasts [160]. p63 is preferentially expressed in 
cytotrophoblastic cells [161]. hPL is expressed 
strongly in syncytiotrophoblastic giant cells, but 
may stain some of the larger mononucleated tro-
phoblasts [158].

7.5.6.6  Differential Diagnosis
The main differential diagnosis is another GCT 
type associated with syncytiotrophoblastic giant 
cells. As explained before, it is not uncommon 
for other types of GCT to be associated with 
occasional syncytiotrophoblastic giant cells. 
Since these are not associated with cytotropho-
blast, they do not represent a component of 
CC. This is particularly significant in seminoma, 
where a misinterpretation of isolated syncytio-
trophoblastic cells as CC may exclude a patient 
from the treatment arm of seminoma. In other 
GCT types, an overdiagnosis of CC may incor-
rectly assign a patient an adverse prognosis. 
Attention should be paid to the morphologic 
features of the other components and the absence 
of cytotrophoblasts. The pleomorphism of this 
component is usually higher than what is seen in 
YST but less severe than what is seen in 
EC. Seminoma would present with typical uni-
formity throughout the tumor mass, with inter-
vening fibrous septa and lymphocytic aggregates. 
Neither would show the classic wrapping or 
capping of syncytiotrophoblasts over the cyto-
trophoblast component. In difficult cases, immu-

Fig. 7.26 Choriocarcinoma. Choriocarcinoma associated 
with extensive hemorrhage

a b

Fig. 7.27 (a, b) Choriocarcinoma. (a) At intermediate 
magnification, syncytiotrophoblasts characterized by 
multinucleated giant cells, with abundant eosinophilic 

cytoplasm, are seen interspersed among polygonal to 
round cytotrophoblasts with well-demarcated cell bor-
ders. (b) Higher magnification
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nohistochemical stains may be used to correctly 
identify each component.

7.5.6.7  Prognosis
A CC component within a mixed GCT is usually 
associated with more aggressive behavior. 
However, when predominant or exclusive, CC is 
associated with a particularly ominous prognosis. 
In a recent study, 15 cases of pure or predominant 
CC component presented with metastases to dis-
tant sites, including the lungs, liver, and brain. 
About 79 % of these patients died of disease- 
related complications, with a median survival of 
13 months, despite current regimes of chemo-
therapy [148]. Pulmonary metastases have a bet-
ter prognosis than other visceral metastases. In 
the above-referenced study, two patients with 
exclusive pulmonary metastases were disease- 
free after 60 and 72 months of follow-up, respec-
tively [148].

7.5.7  Other Trophoblastic 
Neoplasms

7.5.7.1  Placental Site Trophoblastic 
Tumor

Contrary to what occurs in the female genital 
tract, only a handful of cases of testicular placen-
tal site trophoblastic tumor have been described, 
three of them in a metastatic setting [147, 162–
166]. The tumors are characterized by the pres-
ence of intermediate trophoblast cells exhibiting 
moderate amounts of dense eosinophilic cyto-
plasm with occasional vacuolization. The nuclei 
are smudged, and the majority of cells are mono-
nuclear, with only occasional multinucleation of 
up to four nuclei per cell. Vessel wall invasion 
and small areas of hemorrhage are seen. The 
stroma is myxoid, and Alcian Blue positive. The 
tumor cells express HPL, and only focal 
β-hCG. Of the three primary tumors described, 
one was pure (in a 16-month old boy) [147], 
while the others were associated with a teratoma-
tous component [163, 166]. Of the three tumors 
in the metastatic setting, one was chemotherapy 
naive and occurred in a pulmonary metastasis of 
a primary mixed GCT [162]. The other presented 

as a post-chemotherapy retroperitoneal recur-
rence 4 years after resection of a mixed GCT that 
included chorciocarcinomatous elements [164]. 
The third was also a retroperitoneal, post- 
chemotherapy recurrence of a mixed GCT in a 
39-year-old man [165]. In this setting, the main 
differential diagnosis is a partially regressed CC, 
as treated CC may show numerous mononuclear 
intermediate trophoblastic cells. A hemorrhagic 
background with necrosis would favor the latter 
(Table 7.7).

7.5.7.2  Epithelioid Trophoblastic 
Tumor

Originally described in the uterus, epithelioid tro-
phoblastic tumor (ETT) is a rare neoplasm of 
mononuclear cells that shows differentiation 
toward the chorionic-type intermediate tropho-
blast found in the chorion laeve. In the testis it 
was initially described as a component of a meta-
static GCT [167], but five recently reported cases 
included this component in primary tumors 
[165]. They are characterized by nests of cells 
with squamoid appearance, with well-defined 
cytoplasmic membranes and intracytoplasmic 
vacuoles containing fibrinoid debris. Nuclei are 
mostly single, with occasional multinucleation. 
The tumor cells are positive for inhibin, GATA3, 
p63, PLAP, and variably for β-hCG while nega-
tive for SALL4, glypican-3, and OCT4. Serum 
β-hCG levels were normal or mildly elevated. 
Most tumors have been part of a mixed GCT with 
other components, although two cases corre-
sponded to 95 % and 100 % of a recurrence, 
respectively. The ETT component did not appear 
to confer a different prognosis to the GCT [165].

7.5.8  Mixed Germ Cell Tumors

With the exception of seminoma, all invasive histo-
logic types described above present more fre-
quently as part of a mixed GCT than as pure forms. 
Mixed GCT are the most common non- 
seminomatous GCT. By definition, they contain 
various combinations of GCNIS-associated tumors 
and exclude non-GCNIS-associated components 
such as ST, pediatric YST, and prepubertal- type 
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teratomas. Pure histologic types, including semi-
noma, associated only with syncytiotrophoblastic 
giant cells are also not considered mixed GCT.

The most common histologic type present in 
mixed GCT is EC, which is present in up to 84 % 
of cases, followed by teratoma (69 %), YST 
(60 %), and seminoma (39 %). CC is the least fre-
quently present element, with only 17 % of cases 
containing this element [168]. The most frequent 
combinations of histologic type are summarized 
in Table 7.8. EC with teratoma is often cited as 
the most combination in mixed GCT, followed by 
EC with seminoma, and EC + YST + teratoma 
[168] [95, 169, 170]. However, Mosharafa et al. 
determined that the highest concordance and 

strongest correlation between histologic types 
were between teratoma and YST [168].

Grossly, mixed GCT reflect the features of their 
components. Tumors containing seminoma ele-
ments may show solid, tan, lobulated areas, while 
those containing EC are frequently necrotic and 
hemorrhagic (Fig. 7.28). Similarly teratoma ele-
ments usually confer a multicystic appearance, 
with mucinous contents. The distribution of ele-
ments histologically tends to be rather unpredict-
able (Fig. 7.29). Seminoma elements tend to 
concentrate in a specific area, while the other ele-
ments are frequently interspersed among each 
other. EC and YST tend to be spatially close to one 
another, sometimes intimately admixed. When 

Table 7.7 Differential diagnosis of trophoblastic tumors

Choriocarcinoma
Placental site 
trophoblastic tumor

Epithelioid 
trophoblastic tumor

Cystic trophoblastic 
tumor

Clinicopathologic 
setting

Primary or metastatic
Pre- or 
post-chemotherapy

Primary or 
metastatic
Pre- or 
post- 
chemotherapy

Primary or 
metastatic
Pre- or 
post- 
chemotherapy

Metastatic
Post- 
chemotherapy

Neoplastic cell Cytotrophoblast (CT) and 
syncytiotrophoblast 
(SCT)

Implantation site 
intermediate 
trophoblast (IT)

Chorionic laeve 
IT

Likely treated CT 
and SCT cells, or 
other GCT cells 
with induced 
trophoblastic 
differentiation

Main morphologic 
features

Biphasic pattern, with 
SCT cells wrapping 
aggregates of CT cells

Large discohesive 
cells with 
moderate amount 
of dense 
eosinophilic 
cytoplasm, large 
nuclei, prominent 
nucleoli. 
Infiltrative

Squamoid 
mononuclear cells 
with abundant 
cytoplasm and 
prominent cell 
membranes. 
Fibrinoid material

Mono- or 
multinucleated 
cells with 
abundant 
eosinophilic 
cytoplasm, lining 
cystic cavities, 
usually associated 
with teratoma 
(Fig. 7.46)

Necrosis +++ ++ +/− −
Hemorrhage +++ ++ +/− −
Vascular invasion +++ +++ +/− −
Immunohistochemistry

  hCG + + +/− +

  hPL +/− + − +/−
  p63 + − + −
  Inhibin +/− + + +

  GATA3 + + + +

  Proliferative index 
(MIB1)

>10 % >10 % >10 % <5 %
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distributed in a fashion reminiscent of an embry-
oid body, the terms polyembryoma and diffuse 
embryoma may be used (see below).

While mixed GCT are usually grouped together 
under the category of “non- seminomatous GCT,” 
prognostic differences between the different com-
ponents which are clinically relevant have been 
identified. Thus, reporting of mixed GCT should 
include a detail of the different components present 
and their relative extent, usually expressed as a sub-
jective percentage of the tumor comprised of each 
component. Of particular importance is the relative 
amount of EC. Tumors with high percentages of EC 
are associated with worse prognosis and thus may 
be ineligible for surveillance [171–173]. This is also 
true for cases with high percentages of CC [174, 
175]. On the other hand, large proportions of YST 
in the primary tumor are associated with a lower 
probability of relapse [171]. The presence of tera-
tomatous elements in the primary tumor predicts 
the presence of residual teratoma metastases in the 
post-chemotherapy setting [168]. Thus, accurate 
identification of the different elements in mixed 
GCT is of utmost importance, as it conveys signifi-
cant prognostic information. Judicious use of 
immunohistochemistry panels may help in achiev-
ing this objective [82, 176]; however, in our opin-
ion, their use should be reserved for particularly 
difficult cases and where the results would make 
clinically significant differences, as most cases can 
be accurately classified based on their morphology.

7.5.9  Polyembryoma and Diffuse 
Embryoma

Polyembryomas and diffuse embryomas are GCT 
that are composed of an EC and a YST compo-
nent, organized in distinct architectural patterns.

Polyembryomas, specifically, recapitulate day 12 
to day 18 embryonic structures by forming “embry-
oid bodies.” Similar to a developing embryo, 
embryoid bodies have a central plate, which is com-
prised of an EC component. At the dorsal pole, this 
structure is surrounded by an empty space limited 
by a lining of flattened cells, recapitulating the 
amniotic sac and amnion. The ventral pole has a 
YST component in a reticular to microcystic archi-
tectural pattern, recapitulating the primary embry-
onic yolk sac. These embryoid bodies are embedded 
in a loose mesenchymal matrix, such that on low 
magnification the matrix is usually the predominant 
component, and often these neoplasms demonstrate 
a cystic pattern of growth [177]. Non-embryoid ele-
ments, if present, constitute less than 10 % of these 
tumors and range from mature teratomatous ele-
ments to trophoblastic cells [178].

Conceptually, polyembryomas may be 
regarded as a distinct architectural subtype of 
mixed GCT comprised of an EC and YST com-

Table 7.8 Most common association patterns of ele-
ments in mixed germ cell tumors

Incidence of mixed 
germ cell tumor 
combinations (adults)

Jacobsen 
et al. [95] (%)

Mosharafa 
et al. [168] (%)

T + EC 60 56

T + CC 11 12

T + YST 21 43

T + S 19 22

EC + CC 22 15

EC + YST 29 50

EC + S 33 31

CC + YST 8 9

CC + S 6 4

YST + S 8 19

T teratoma, EC embryonal carcinoma, CC choriocarci-
noma, YST yolk sac tumor, S seminoma Fig. 7.28 Mixed germ cell tumor. Gross image shows a 

relatively well-circumscribed mass, with varied features. 
The smooth, pink-tan cut surface corresponds to an under-
lying seminoma. Focal hemorrhagic areas represent an 
embryonal carcinoma component
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ponent (Fig. 7.30). Conversely, they may also be 
regarded as a form of immature teratomas as the 
embryoid bodies represent a primitive stage of 
development [177, 178].

An area of debate is whether the presence of 
focal microscopic aggregates of an EC or YST 
element adjacent to an embryoid body is part of 
the spectrum of polyembryoma or needs to be 
classified as a mixed GCT. A size cutoff of 3 mm 
has been arbitrarily proposed, and, as the litera-
ture is limited, further studies are required to 
resolve this question [177, 178].

Diffuse embryomas were first reported by 
Cardozo de Almeida and Sculley in 1983 [179]. 
They differ from polyembryomas in that these 
tumors are comprised of roughly equivalent pro-
portions of YST and EC components and do not 
form embryoid bodies. Herein, typically, the 
YST component encircles and often invaginates 
EC elements, with the latter being arranged in 
solid, gland-like, and tubulopapillary patterns 
(Fig. 7.31) [179, 180]. Recent studies have dem-
onstrated the presence of GCNIS component in 
these tumors suggesting that the latter is the pre-
cursor lesion. These studies have therefore made 
a strong case for classifying diffuse embryomas 
as postpubertal mixed GCT [181, 182].

Pure forms of both polyembryomas and dif-
fuse embryomas are rare, and these elements are 
more commonly found as components of mixed 
GCT [178].

7.6  Tumors Not Associated 
with Germ Cell Neoplasia 
In Situ

7.6.1  Spermatocytic Tumor 
(Spermatocytic Seminoma)

7.6.1.1  General Aspects
Spermatocytic tumor (ST) is a rare germ cell 
tumor that occurs exclusively in the testis. It 
accounts for 1–2 % of testicular neoplasms [183, 
184]. Previously referred to as spermatocytic 

a b

Fig. 7.29 (a, b) Mixed germ cell tumor. (a) Areas with 
high-grade cytology, corresponding to embryonal carci-
noma (upper left), are seen juxtaposed adjacent to chorio-

carcinoma with prominent hemorrhage (bottom left). (b) 
Areas of cartilage corresponding to a teratoma are seen 
adjacent to embryonal carcinoma

Fig. 7.30 Polyembryoma. A characteristic embryoid 
body is seen in the center, constituted by a central embryo-
nal carcinoma component, limited by a lining of flattened 
cells at one pole and a yolk sac tumor component arranged 
in a microcystic pattern at the opposite pole. The embryoid 
body is embedded in a loose mesenchymal matrix
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seminoma, the current terminology of ST has 
been recently adopted to avoid confusion with 
the much more common (classic) seminoma, 
which would carry prognostic and therapeutic 
implications. Age at presentation ranges from 25 
to 87 years; however its peak incidence is in the 
fifth–sixth decade [185, 186]. ST is not associ-
ated with GCNIS, cryptorchidism, or gonadal 
dysgenesis and is not observed in association 
with other GCT. Bilaterality is rare with less than 
ten cases reported in the literature [187] and may 
be synchronous or sequential in occurrence. 
Serum markers are not characteristically elevated 
in ST.

7.6.1.2  Macroscopy
ST is well circumscribed and multilobulated. The 
cut surface is pale gray or pink tan and shows fri-
able, mucoid, or gelatinous consistency (Fig. 
7.32). Cystic change may be noted. Hemorrhage 
and necrosis may occur in larger tumors. The 
tumors are limited to the testis with rare excep-
tions of extratesticular extension reported in 
tumors with sarcomatous transformation [188, 
189].

7.6.1.3  Microscopy
The tumor is arranged in sheets or solid nests 
(Fig. 7.33a). The stroma is usually scant and 
may be fibrous or edematous. The tumor cells 
may show discohesion and intercellular edema 

which results in a cystic or pseudoglandular 
appearance. In contrast with seminoma, a granu-
lomatous reaction is extremely rare; nonetheless 
a discrete lymphocytic infiltrate may be 
present.

ST is characterized by a polymorphous popu-
lation of cells composed of three distinct types: 
small cells with dense chromatin and scant cyto-
plasm that resemble lymphocytes; intermediate 
cells with round nucleus, finely granular chroma-
tin and moderate amounts of eosinophilic cyto-
plasm; and a smaller population of large cells 
which may be multinucleated (Fig. 7.33b). 
Medium and large cells may exhibit spireme 
chromatin distribution, characterized by visible 
filamentous or cord-like strands of chromatin. 
Mitotic activity is brisk and atypical forms may 
be encountered. Rare cases of sarcomatous trans-
formation have been documented in the form of 
undifferentiated, rhabdomyoblastic, or fibrosar-
comatous lesions (see also Chap. 12) [186, 
188–192].

7.6.1.4  Immunohistochemistry
ST shows reactivity for SALL4 and c-KIT. OCT4, 
CD30, keratin, PLAP, and podoplanin are nega-
tive [82, 193].

7.6.1.5  Differential Diagnosis
The differential diagnosis of ST includes semi-
noma, EC, and lymphoma. The presence of GCNIS 

a
b

Fig. 7.31 (a, b) Diffuse embryoma. (a) Higher-grade embryonal carcinomatous components are shown organized in 
gland-like and tubular patterns and are encircled by a yolk sac tumor component. (b) Higher power
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can help exclude seminoma and EC. The latter 
should be distinguished from intratubular growth 
of spermatocytic seminoma which may be noted in 
few cases of ST. In general a lymphocytic infiltrate 
is not prominent in ST (see Table 7.5). Difficult 
cases may require immunohistochemical studies 
with OCT4 and lymphoid lineage markers.

7.6.1.6  Prognosis
Most ST follows an indolent behavior. Metastases 
are rare and almost exclusively seen when sarcoma-
tous transformation is present (see Chap. 12) [185]. 

The metastatic foci are typically composed of sarco-
matous elements. Exceedingly rare cases of meta-
static spermatocytic seminoma without sarcomatous 
transformation have been reported [194, 195].

7.6.2  Prepubertal-Type Teratoma 
in the Postpubertal Testis

Pathologists have for a long time recognized that a 
subset of testicular teratomas appear different 
from the classic postpubertal teratomas [196, 197]. 

Fig. 7.32 Spermatocytic 
tumor. Gross image of a 
spermatocytic tumor 
showing a tan-pink mass 
with a mucoid to 
gelatinous consistency 
and focal hemorrhagic 
areas

a b

Fig. 7.33 (a, b) Spermatocytic tumor. Spermatocytic 
tumor showing a sheetlike growth pattern, in a back-
ground of fibrous stroma with minimal lymphocytic infil-

tration (a). Higher magnification reveals three distinct cell 
populations: lymphocyte-like small cells, intermediate 
cells, and a population of large cells (b)
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These are usually referred to as dermoid cysts 
[198–200], as their most prevalent component 
include squamous epithelium and cutaneous 
adnexae. These tumors are not associated with any 
other type of GCT, including GNCIS, with the 
possible exception of carcinoid tumor. Their tera-
tomatous elements are much better organized and 
reproduce the relationships between elements seen 
in normal somatic tissues. They also do not display 
cytologic atypia in the cells of these elements.

Dermoid cysts are grossly usually filled with 
sebum-type material, admixed with hair and fatty 
fluid. Microscopically they consist of one or more 
cavities lined by squamous epithelium with gran-
ular layer and abundant keratinization (Fig. 7.34). 
Every so often, adnexal structures, such as pilose-
baceous units or sudoriparous glands, are seen, 
draining in the cavity through the squamous epi-
thelium. A series of reactive changes can be seen, 
such as histiocytic aggregates interrupting the 
squamous lining, or foreign body granulomatous 
reaction in cases of rupture. Lipogranulomatous 
reactions are also common. The adjacent seminif-
erous tubules show normal spermatogenesis, and 
GCNIS is remarkably absent.

Most published cases of dermoid cyst of the 
testis include examples that do not have exclu-

sively cutaneous elements [199, 200]. Ciliated 
epithelium, mucinous epithelium, smooth mus-
cle, fat, glia, bone, meninges, and cartilage have 
been reported in varying proportions. Recently, 
Zhang et al. [140] published a series of 25 cases 
of mature teratomas of the testis; ten of them cor-
responded to dermoid cysts. However, 15 con-
tained predominantly non-cutaneous elements, 
including glandular cysts lined by ciliated/respi-
ratory epithelium with goblet cells, surrounded 
by the smooth muscle, cartilage, and seromuci-
nous glands, resembling a somatic bronchus. 
Others displayed intestinal-type epithelium sur-
rounded by lamina propria and smooth muscle, 
recapitulating gut (Fig. 7.35). Fat and meningeal 
tissue were also present. Interestingly, none of 
the cases with available follow-up had recurrence 
or progression of the disease. Finally, in 18 cases 
tested, no cytogenetic abnormalities of 12p were 
identified. These data suggest that: (1) These ter-
atomas show a spectrum of conforming elements 
that goes beyond what’s conveyed by the nar-
rowly descriptive term of “dermoid cyst” and 
may have a wider variety of tissues present. (2) 
They are benign neoplasms. (3) They are patho-
genetically and biologically distinct from classic 
postpubertal (type II) testicular teratomas, being 
more likely analogous to prepubertal (type I) ter-
atomas. Recently, the 2016 WHO classification 
of testicular tumors has included them under the 
category of prepubertal-type teratomas [76].

Fig. 7.34 Prepubertal teratoma. A dermoid cyst with 
prominent adnexal structures which distinguish it from 
epidermoid cysts. Note the organization of the elements 
recapitulating the normal skin

Fig. 7.35 Prepubertal teratoma. Glandular, enteric-type 
epithelium lacking discernible cytologic atypia. Compare 
with the cytologic atypia of postpubertal-type teratomas 
in Fig. 7.23
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These mature benign teratomas need to be 
accurately distinguished from classic (type II) 
teratomas of the testis, as the former would not 
need additional therapy and the patient can be 
reassured of their benign nature. Also, if diag-
nosed preoperatively, they may be amenable to 
conservative surgical excision. Attention should 
be paid to: (1) The more cystic gross pathology 
of benign mature teratomas, with evidence of 
hair and sebum, similar to ovarian mature cystic 
teratoma. (2) The presence of a “polarity of 
growth,” i.e., a structured architecture that reca-
pitulates the microscopic anatomy of skin and 
sometimes bronchial or enteric elements. (3) 
The absence of cytologic atypia in the conform-
ing elements, easily seen in classic type II tera-
tomas, in both epithelial and mesenchymal 
elements (Figs. 7.23 and 7.35). (4) The absence 
of GCNIS or evidence of testicular dysgenesis in 
the background seminiferous tubules, with the 

presence of ongoing spermatogenesis. (5) The 
lack of association with any other form of GCT

As one can quickly surmise, however, these 
distinctions can still be challenging on a case-by- 
case basis and requires a thorough microscopic 
evaluation of the testicular tumor (Table 7.9). We 
agree with Zheng et al. [140] when they recom-
mend a conservative approach to diagnosing this 
entity, since an overdiagnosis of classic (type II) 
teratoma is probably a more acceptable error than 
a missed diagnosis. In cases with less than defini-
tive morphology, FISH studies for 12p abnormali-
ties may be valuable in this differential diagnosis.

Another possible variant of mature benign tes-
ticular teratomas is epidermoid cyst (EpC). As its 
name implies, EpC is characterized by a keratin-
izing squamous epithelium-lined cavity, filled 
with keratinaceous debris (Fig. 7.36a). It is dis-
tinguished from dermoid cysts by the absence of 
adnexal structures and other teratomatous ele-

Table 7.9 Differential diagnosis of prepubertal- and postpubertal-type teratomas

Feature Prepubertal-type teratoma Postpubertal-type teratoma

Gross features Cystic, hair, and keratinaceous debris 
common

Multicystic alternating with solid. 
Cysts contain a variety of mucinous, 
serous, or keratinaceous material. 
Hair unusual

Background parenchyma Normal postpubertal, with active 
spermatogenesis. No significant 
atrophy beyond area adjacent to tumor

Postpubertal. Scarring, microlithiasis, 
extensive atrophy

Distribution of elements Organoid distribution (elements 
recapitulate architecture of organ that it 
is trying to emulate – bronchus, skin, or 
gut)

Random

Teratomatous elements Predominantly squamous epithelium 
and cutaneous adnexae, or respiratory- 
type epithelium, seromucinous glands, 
cartilage, and muscle recapitulating a 
bronchus. Intestinal epithelium 
uncommon

Random, heterogeneous elements
Epithelium frequently nondescript. 
Intestinal epithelium common

Stroma Normal or reactive. Lipogranulomatous 
reaction may be present

Primitive, nondescript. May be 
neoplastic in nature

Other types of GCT present Usually none. Carcinoid tumors may be 
present. Rarely associated with 
prepubertal-type YST

Usually part of a mixed GCT, with 
EC, YST, seminoma, or 
choriocarcinoma. Less frequently 
pure

Cytologic atypia Absent Present in epithelial and 
mesenchymal elements

Mitotic activity Absent to low High

GCNIS Absent Present

12p abnormalities Absent Present
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ments (Fig. 7.36b) [201–204]. A teratomatous 
origin of these cysts cannot be completely 
excluded, as they could represent a simplified 
version of a dermoid cyst. Favoring this possibil-
ity is the age of presentation, which overlaps with 
other germ cell tumors, the occasional occur-
rence of epidermoid cyst with carcinoid tumor 
[205], and the presence of morphologically indis-
tinguishable cysts within mature teratomas. Their 
lack of association with GCNIS [206] and 12p 
abnormalities [207] and their uniformly benign 
behavior would suggest, similarly to dermoid 
cysts, a teratomatous process more akin to type I 
GCT. However, their occurrence in other organs 
and their occasional location immediately under-
neath the tunica albuginea and even in the para-
testicular region [208] suggest a nonneoplastic 
origin, probably related to squamous metaplasia 
of the mesothelium, rete testis, or epididymal 
epithelium, for at least a subset of these tumors. 
Indeed, a metaplastic origin for their ovarian 
equivalent has been suggested [209].

Grossly, EpC are unilocular, well- circumscribed 
cystic cavity filled and distended by white, doughy 
laminated contents. Mean size has been reported 
as 2.0 cm [203]. Microscopically they consist of a 
fibrous wall internally lined by benign keratinizing 
squamous epithelium with a granular layer and, as 

stated, absent skin appendages. Granulomatous 
reaction to rupture and keratin debris may be 
seen. On occasion EpC can exhibit stromal osseo- 
calcific metaplasia, which should not be confused 
with other teratomatous elements. As stated, some 
testicular carcinoid tumors may be associated with 
an adjacent EpC [205].

DC and EpC can present as paratesticular 
masses without connection to the testis proper 
[208]. This is especially true with EpC that was 
derived from the scrotal skin. The main issue is 
whether the DC/EpC resides in a location well 
beyond the paratesticular soft tissues and sper-
matic cord, such that a metastasis from a mature 
teratoma in a postpubertal patient has to be con-
sidered in the differential diagnosis.

7.6.3  Carcinoid Tumor

Carcinoid tumor in the testis can occur in one of 
the following settings:

 1. As a pure primary carcinoid
 2. As part of a prepubertal-type teratoma (includ-

ing dermoid and epidermoid cysts)
 3. As part postpubertal-type teratoma
 4. As a metastatic lesion

a b

Fig. 7.36 (a, b) Epidermoid cyst. (a) An epidermoid cyst 
showing a well-circumscribed cystic cavity, filled with 
keratinaceous debris. (b) An epidermoid cyst showing a 

keratinizing squamous epithelium-lined cavity, filled with 
keratinaceous debris, adjacent to seminiferous tubules
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In published series, pure primary carcinoid 
corresponds to approximately two-thirds of cases 
[205, 210–212]. In these cases, evidence to sup-
port a germ cell origin is scant, as there is lack of 
other teratomatous elements or GCNIS. A com-
mon origin with Leydig cell tumors has been sug-
gested [213]. When associated teratomatous 
elements are identified, they are exclusively 
mature and frequently consist exclusively of an 
epidermoid or dermoid cyst. These suggest that 
when teratomatous in origin, carcinoid tumors 
are most often part of a prepubertal-type tera-
toma (type I GCT). However, it must be borne in 
mind that association with GCNIS and 12p 
abnormalities have been infrequently reported 
[214, 215]. Furthermore, in Wang et al.’s series, 
one case associated with a dermoid cyst had sub-
sequent metastasis of YST and EC [205]. These 
data suggest that a subset of testicular carcinoids 
may arise in the setting of type II GCT.

Tumors tend to present as unilateral painless 
masses. Carcinoid syndrome is relatively rare 
and usually associated with large tumors or meta-
static disease [205, 212, 214, 216, 217].

Pathologically, carcinoid tumors of the testis 
share similar features with those of other sites. 

Grossly, they are generally solid neoplasms when 
pure, and solid and cystic when associated with 
teratoma. They are usually well circumscribed. 
Mean size in one review of 57 published cases 
was 3.5 cm; however, pure tumors were larger 
than those associated with teratoma (4.2 vs. 
1.5 cm, respectively) [212]. Histologically, the 
majority grow with a mixture of an insular or 
nested pattern, with trabecular pattern (Fig. 7.37). 
The nests or trabeculae are separated by fibrous 
septae. Follicular patterns can also be seen, as 
well as spindle cell differentiation. Cytologically 
the tumors show characteristic features for neuro-
endocrine neoplasms, with generally regular 
round nuclei with salt and pepper chromatin. 
Abundant eosinophilic cytoplasm is a character-
istic. Mitotic activity is usually low. In a recent 
series, 4 of 29 cases were classified as “atypical 
carcinoids,” based on mitotic activity in 3 cases, 
and the presence of necrosis in the fourth [205]. 
Cytologic atypia tends to be focal.

Tumors are consistently positive for one or more 
neuroendocrine markers, including chromogranin, 
synaptophysin, neuron-specific enolase, serotonin, 
gastrin, neurofilament proteins, substance P, and 
vasoactive intestinal polypeptide. Argentaffin pos-

Fig. 7.37 Pure primary carcinoid. Carcinoid tumor with 
an insular architectural pattern is seen at low magnifica-
tion. Inset shows neuroendocrine features characterized 

by round nuclei with salt and pepper chromatin, abundant 
eosinophilic cytoplasm, and occasional mitotic activity
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itivity and argyrophillia are present in most cases 
[210–212, 218, 219].

The main differential diagnosis is metastatic 
carcinoid tumor, which is usually of gastrointesti-
nal origin. While bilaterality favors metastases, 
bilateral primary tumors have been described 
[212]. Sertoli and Leydig cell tumors, adult-type 
granulosa cell tumors, and paraganglioma may be 
confused with carcinoid tumors. In cases of mor-
phological ambiguity, a battery of immunostains 
including cytokeratins, α-inhibin, and neuroendo-
crine markers is useful in separating these entities. 
Sertoli and Leydig cell tumors may express neu-
roendocrine markers, but would be positive for 
α-inhibin in the vast majority of cases.

Carcinoid tumors tend to have a favorable 
outcome. Metastases have been reported, some-
times after a prolonged follow-up, and usually 
to regional lymph nodes, but also to the lung, 
bone, soft tissue, and liver [212]. Histologic 
findings cannot predict metastatic behavior, 
although it is likely that this is more frequent, if 
not restricted, to “atypical carcinoid” histology 
[205, 211].

7.6.4  Prepubertal-Type Yolk Sac 
Tumor

Contrary to prepubertal-type teratoma, 
prepubertal- type YST occurs almost exclusively in 
the pediatric testis and thus is reviewed in Chap. 
10. However, a recent paper suggests its occur-
rence in the postpubertal testis, whether pure or in 
combination with prepubertal-type teratoma 
[220]. In its most usual setting, it comprises 
75–80 % of testicular neoplasms in childhood with 
half to a third of cases taking place within the first 
and second year of life. Recent studies have chal-
lenged the reported prevalence of pediatric YST, 
suggesting a reporting bias may have underrepre-
sented cases of teratoma and epidermoid cysts 
[221]. In contrast to postpubertal cases, prepuber-
tal YST are not associated with GCNIS or isochro-
mosome 12p gains, supporting a type I histogenesis. 
An association with cryptorchidism and white race 
is also lacking in prepubertal YST. Histologic fea-
tures are similar to postpubertal YST, and these are 
extensively reviewed in Chaps. 6 and 10.

7.7  Tumors with Germ Cell and 
Sex Cord Stromal Elements

Gonadoblastoma (GB) is the only histologic type 
in this category in the current WHO classifica-
tion. Previous editions contained a category of 
unclassified mixed germ cell-sex cord-stromal 
tumors, which, unlike gonadoblastomas, were 
reported in genotypically and phenotypically 
normal males [222–224]. However, recent litera-
ture has demonstrated the lack of staining for 
PLAP and CD117 in the germ cells, contrary to 
what would be expected in GCNIS and semi-
noma, suggesting that these tumors are com-
prised primarily of neoplastic sex cord-stromal 
elements, with entrapped nonneoplastic germ 
cells [177, 225]. Thus, the current WHO classifi-
cation no longer includes this category. Rare 
reports of tumors with an architectural pattern of 
two distinct neoplasms, as would be seen in a col-
lision tumor, have been reported, and it is unclear 
if these truly represent mixed germ cell-sex cord- 
stromal tumors [225, 226].

7.7.1  Gonadoblastoma

7.7.1.1  General Concepts
Gonadoblastoma (GB) is a tumor of young 
patients with gonadal dysgenesis and other 
DSD, characterized by the presence of neoplas-
tic germ cell and sex cord-stromal elements 
[227]. To better understand GB, it is important 
to appreciate some basic concepts of gonadal 
dysgenesis (GD).

GD is the improper development of the gonad, 
which, importantly, includes both germ cell and 
sex cord components [228]. Full understanding of 
GD is impaired by a complex pathogenesis involv-
ing mutations in multiple genes that can manifest 
in a variety of clinical pictures [229–231] [232–
240]. Following the developmental migration of 
the gonad, a dysgenetic testis can present within 
the abdomen, inguinal canal, or scrotum. As might 
be anticipated, a dysgenetic testis will be smaller 
than normal and is often less white to the naked 
eye due to the lack of a thick, fibrous tunic. Some 
represent “streak” gonads in which identification 
as testis or ovary may only be inferred [241].
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Within the dysgenetic testis, there are a plethora 
of microscopic findings. These include tubules, 
typically closely positioned to one another and uni-
formly rounded in appearance, comprised mainly of 
immature Sertoli cells with varying numbers of 
germ cells, which often resemble embryonic germ 
cells (spermatogonia) [39, 241, 242]. Between the 
tubules reside Leydig cells with scant cytoplasm.

GB might be expected to present in the very 
young. While it is true that the majority present 
prior to the age of 20 years, there is as rather wide 
range of ages from 1 to almost 40 years with a case 
report described in a 46XY fetus [227, 243]. The 
most common occurrence of GB is in phenotypi-
cal females, who, however, almost invariably have 
a Y chromosome. GB occurrence in 45X0 Turner 
syndrome likely represents undetected mosaicisms 
[244]. Twenty percent of GB occurs in phenotypic 
males. An infantile uterus is typically present as 
are fallopian tubes; if bilateral tubes are identified, 
the patient is likely a phenotypic female, while a 
male phenotype is more likely if unilateral [227]. 
Phenotypic male patients commonly have other 
abnormalities of the genitourinary system, such as 
cryptorchidism, hypospadias, and gynecomastia.

For GB to develop, the presence of a Y chromo-
some is necessary, in particular the GBY region, 
which harbors the TSPY gene [245, 246]. Mutations 
of the sex-determining gene Y (SRY) are also asso-
ciated with high incidence of GB [244].

When present exclusively in the gonad and 
treated appropriately, GB has an excellent prog-
nosis. However, at the time of diagnosis, about 
50 % have progressed to an invasive germinoma 
(seminoma or dysgerminoma) and 8 % to other 
types of GCT [227]. Due to this, GB is consid-
ered a precursor for GCT in the setting of GD, 
specifically in the prepubertal patient.

7.7.1.2  Macroscopy
In the vast majority of reported GB, the tumor 
develops in an “undeclared” gonad with about 
one in five developing in either a testis or a streak 
gonad [227]. The reason for this is due to efface-
ment of the gonad (streak or otherwise) by tumor. 
If the tumor is pure GB, it displays a tan-yellow 
or gray and firm appearance that can have a gritty 
cut surface due to the presence of calcifications. 
If it is admixed with other GCT, it will exhibit 

other findings that reflect the type of GCT present 
(usually seminoma/germinoma) [228].

7.7.1.3  Microscopy
The typical histologic appearance of GB makes 
the pathologist quickly recognize that the neo-
plasm is quite unusual, but if the clinical presenta-
tion is well understood, the diagnosis can quickly 
distil into either pure GB or a mix of GB with a 
more common type of GCT. GB is characterized 
by round nests of both germ cells and sex cord 
cells. The germ cells of GB resemble seminoma 
or GCNIS, but may include a population of less 
mature looking cells, resembling  spermatogonia. 
They are intermixed with sex cord cells, which 
resemble Sertoli cells, and are arranged in three 
patterns, which are usually admixed. In the cor-
onal pattern, the sex cord cells are mostly at the 
periphery of the nests; in the follicular pattern, they 
surround individual or small groups of germ cell; 
and in the Call-Exner-like pattern, they surround 
globoid basement membrane deposits (Fig. 7.38). 
The nests are arranged in relatively large lobules 
surrounded by a fibroinflammatory stroma, pep-
pered with Leydig cells and calcifications, some of 
which have replaced “regressed” or “burned-out” 
lobules of GB [228]. The morphology of the inva-
sive GCT, if present, is the usual for each type of 
invasive GCT. An invasive seminoma/dysgermi-
noma may be quite subtle and easily overlooked.

Fig. 7.38 Gonadoblastoma. Nests of germ cells resembling 
seminoma or GCNIS are surrounded by a fibrous stroma. 
Focal calcifications likely represent “regressed” lobules of 
gonadoblastoma. The germ cells surround globoid basement 
membrane deposits, reminiscent of Call- Exner bodies (Image 
courtesy of Gary Keeney, MD, Mayo Clinic, Rochester, MN)
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7.7.1.4  Immunohistochemistry
Germ cells within GB that resemble germinoma 
or GCNIS will react with PLAP, OCT4, podo-
planin, and CD117 [247]. The smaller ones 
resembling spermatogonia are usually positive 
for TSPY and negative for OCT4, while another 
subpopulation may have an inverse immunophe-
notype [246]. The sex cord cells are positive for 
inhibin, vimentin, and WT1 [248].

7.7.1.5  Differential Diagnosis
Sertoli cell nodules resemble GB, particularly if 
colonized by GCNIS. While they frequently occur 
in cryptorchidic testes, these are usually nondys-
genetic and occur in phenotypically normal males. 
Sex cord-stromal tumors with entrapped germ 
cells are also in the differential diagnosis, particu-
larly granulosa cell tumor, whose Call-Exner bod-
ies may be mistaken for GB.

7.7.1.6  Prognosis
Untreated GB carries a high risk of progression to 
an invasive GCT. In the seminal work by Scully 
[227], the majority (almost 60 %) of GB were 
also associated with germinoma with a smatter-
ing of EC, YST, and teratoma. Thus, the postula-
tion is that all GB would likely progress to 
invasive tumors if not removed. As such, if identi-
fied on biopsy, gonadectomy may play an impor-
tant role in the management of patients with 
possible gonadal dysgenesis. Due to the relatively 
young age at presentation, and even when mixed 
with more typical GCT elements, outcomes for 
gonadoblastomas are excellent [249, 250].

7.8  Germ Cell Tumor Regression

The phenomenon of GCT regression, was initially 
reported in 1961 by Azzopardi et al., in a series of 
17 patients that presented with metastatic germ 
cell tumors, where sampling of the testicular tis-
sue revealed either the presence of minute foci 
(<5 mm) of viable neoplasm or complete absence 
thereof [251]. Subsequent studies by the same 
group laid the groundwork for defining the histo-
pathologic features of this phenomenon, and its 
incidence was independently estimated from a 

series of 61 autopsy cases to comprise about 10 % 
of cases with metastatic GCT [252, 253].

At present, identification of GCT regression has 
important clinical implications. Following orchiec-
tomy for metastatic disease, if residual disease or 
diagnostic evidence of GCT regression is not identi-
fied, orchiectomy for presumed  contralateral dis-
ease must be considered, to prevent the development 
of recurrences. It may also influence the selection of 
therapeutic modalities. For instance, in patients 
with a seminomatous tumor component with a 
regressed non-seminomatous GCT, the use of radio-
therapy alone may be suboptimal [254].

Commonly identified features include the 
presence of well- to poorly defined scars in a 
background of testicular atrophy, where the semi-
niferous tubules are often hyalinized or show a 
Sertoli cell-only pattern (Fig. 7.39a–e). Scarring 
by itself is relatively nonspecific as it can be seen 
secondary to vascular lesions, trauma, or infec-
tion. The most specific feature, in this context, is 
the presence of a residual GCNIS component, 
which is only seen in approximately half the cases 
[178, 254–256]. Other features that have been 
reported include microlithiasis, persistent neovas-
cularization, Leydig cell hyperplasia, and the 
presence of lymphocytic infiltrates. Microlithiasis 
must be distinguished from the presence of coarse 
intratubular calcifications, which is thought to 
correlate with regressed EC. It is not entirely clear 
if Leydig cell hyperplasia is a true hyperplasia or 
a misleading visual impression as a consequence 
of the atrophy of the surrounding testicular paren-
chyma. Finally, the presence of lymphocytic infil-
trates have been hypothesized to contribute to 
immune-mediated tumor regression, based on 
studies that correlate the presence of lymphocytic 
infiltrates with outcomes in seminomas which 
were managed with surveillance [254, 257].

Though it appears that seminomas have a greater 
tendency to undergo spontaneous regression than 
other GCT, this may be more of a reflection of their 
higher overall incidence among GCT. Recent stud-
ies indicate that CC is not prone to regression [254]. 
This, on the other hand, may reflect a selection bias 
as most of these patients likely present with 
advanced, disseminated disease and receive che-
motherapy prior to orchiectomy making it difficult 
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Fig. 7.39 (a–e) Germ cell tumor regression. Cervical 
lymph node with a metastatic seminoma (a), which 
showed strong nuclear expression of OCT4 (b). 
Orchiectomy revealed scarring and a background of tes-

ticular atrophy (c), with hyalinized seminiferous tubules. 
Focal GCNIS was identified (d), which was confirmed by 
positive OCT4 expression (e)
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to differentiate therapy-induced regression from 
spontaneous regression. Finally, no GCT subtype, 
including teratoma, shows resistance to regression 
based on a comparison of reported overall inci-
dences and incidences of regression.

7.9  Clinical Presentation

The vast majority of testicular neoplasms present 
as painless, self-detected masses, while a minority 
presents with scrotal pain [258]. Aggressive vari-
ants of GCT, such as CC, may present with symp-
toms related to metastatic disease [157], such as 
hemoptysis or neurological manifestations, before 
a testicular mass is detected. Some tumors may be 
detected incidentally, during workup for other 
symptoms, such as infertility [258].

Additionally, as stated before, a subset of 
tumors may present with endocrine manifesta-
tions, the most common being gynecomastia 
[100, 101, 259]. This symptom is usually associ-
ated with high serum hCG levels, and thus it is 
more common in tumors containing trophoblastic 
components, particularly CC, but also other forms 
containing syncytiotrophoblastic giant cells. 
Rarely, high β-hCG levels may produce thyrotoxi-
cosis due to TSH-like activity of the hCG [153, 
154, 260, 261]. Carcinoid syndrome is unusual in 
cases of testicular carcinoid [205, 212].

A variety of neurological paraneoplastic syn-
dromes have been described in patients with testicu-
lar GCT, the most common one being Ma2 
antibody-mediated limbic encephalitis [262–266]. 
Patients develop a constellation of symptoms that 
include short-term memory disturbance, epileptic 
seizures, acute confusional syndrome, personality 
change, hallucinations, depression, and cognition 
disturbances. Others present with symptoms more 
oriented to brainstem, cerebellar, or peripheral 
nerve dysfunction. The process is believed to be 
immune-mediated secondary to cytotoxic T cells 
attacking the neurons. Patients present with elevated 
levels of Ma antibodies directed against PNMA-2 
proteins (also referred to as anti-Ta or anti-Ma2), 
which play an important role in apoptosis [262]. 
Neurological symptoms precede the detection of 
the tumor in the majority of patients, and about a 

third of them respond to appropriate treatment of 
the tumor [264]. Frequently, tumors associated with 
anti- Ma2 antibodies are small, or have undergone 
regression, as it is believe that the antibodies are a 
reflection of an effective immune response to the 
tumor [265–267]. It is still debated whether blind 
orchiectomy should be performed in symptomatic 
patients with no clinically documented tumor, as 
frequently an occult neoplasm may be found [264–
266]. Before orchiectomy, clinical exclusion of an 
extragonadal tumor needs to be performed [268].

Other reported paraneoplastic manifestations 
of testicular GCT include dermatomyositis [269], 
polycythemia [270], hypercalcemia [271], mem-
branous glomerulonephritis [272], and Raynaud’s 
phenomenon [273].

7.10  Staging

The American Joint Committee on Cancer and the 
International Union Against Cancer staging for 
testicular neoplasms, widely known as the TNM 
staging system, is the most accepted staging  sys-
tem [274]. T categories are defined by the pres-
ence of the following parameters: the presence 
of invasive vs. in situ tumor, extent of invasive 
disease (whether tumor invades the spermatic 
cord, tunica vaginalis, or scrotum), and presence 
of lymphovascular invasion. Lymphovascular 
invasion has been extensively demonstrated as a 
significant prognostic factor, particularly in non- 
seminomatous GCT (Fig. 7.40) [127, 275–277]. 

Fig. 7.40 Staging. pT2 disease, characterized by lym-
phovascular invasion by embryonal carcinoma
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In pure seminomas, the association of lympho-
vascular invasion with relapse is less clear [122, 
123, 126, 278] N categories are based on the 
number of nodes involved and size of metastatic 
deposits, and M categories depend on whether 
there is metastatic deposits and, if so, if these 
involve nonregional nodes, lung, or any other 
site. The TNM staging for testicular tumors is 

unique among other organs in that it incorpo-
rates serologic marker levels, establishing an 
additional category labeled S. The S category 
may thus place two tumors with identical T, N, 
or M categories into different stage groupings 
(Table 7.10).

Several shortcomings of the current TNM 
have been identified and are likely to be 

Table 7.10 AJCC/ICCC TNM staging system (7th edition) for testicular GCT

Primary tumor (T):
pTX Primary tumor cannot be assessed

pT0 No evidence of primary tumor (regressed GCT)

pTis Germ cell neoplasia in situ

pT1 Tumor limited to the testis and epididymis without vascular/lymphatic invasion. Tumor may invade into 
the tunica albuginea, but not tunica vaginalis

pT2 Tumor limited to the testis and epididymis with vascular/lymphatic invasion, or tumor extending through 
the tunica albuginea into the tunica vaginalis

pT3 Tumor invades the spermatic cord

pT4 Tumor invades the scrotum

Regional lymph nodes (N)
Clinical

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis with a lymph node mass 2 cm or less in greatest dimension; or multiple lymph nodes, none more 
than 2 cm in greatest dimension

N2 Metastasis with a lymph node mass more than 2 cm, but not more than 5 cm in greatest dimension; or 
multiple lymph nodes, any one mass greater than 2 cm, but not more than 5 cm in greatest dimension

N3 Metastasis with a lymph node mass more than 5 cm in greatest dimension

Pathologic

pNX Regional lymph nodes cannot be assessed

pN0 No regional lymph node metastasis

pN1 Metastasis with a lymph node mass 2 cm or less in greatest dimension and less than or equal to five nodes 
positive, none more than 2 cm in greatest dimension

pN2 Metastasis with a lymph node mass more than 2 cm, but not more than 5 cm in greatest dimension; or 
more than five nodes positive, none more than 5 cm; or evidence of extranodal extension of tumor

pN3 Metastasis with a lymph node mass more than 5 cm in greatest dimension

Serum tumor markers (S)
SX Marker studies not available or not performed

S0 Marker study levels within normal limits

S1 LDH <1.5x normal and hCG <5000 mlu/ml and AFP <1000 ng/ml

S2 LDH 1.5 -10x normal or hCG 5000–50,000 mlu/ml or AFP 1000–10,000 ng/ml

S3 LDH >10x normal or hCG >50,000 ml/ml or AFP >10,000 ng/ml

Distant metastasis (M)
M0 No distant metastasis

M1 Distant metastasis

  M1a Nonregional nodal or pulmonary metastasis

  M1b Distant metastasis other than to nonregional lymph nodes and lung
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Table 7.10 (continued)

AJCC/ICCC anatomic stage/prognostic groups

Group T N M S

Stage 0 pTis N0 M0 S0

Stage I pT1–4 N0 M0 SX

  Stage IA pT1 N0 M0 S0

  Stage IB pT2–4 N0 M0 S0

  Stage IS Any pT N0 M0 S1–3a

Stage II Any pT N1–3 M0 SX

  Stage IIA Any pT N1 M0 S0–1

  Stage IIB Any pT N2 M0 S0–1

  Stage IIC Any pT N3 M0 S0–1

Stage III Any pT Any N M1 SX

  Stage IIIA Any pT Any N M1a S0–1

  Stage IIIB Any pT N1–3 M0 S2

Any pT Any N M1a S2

  Stage IIIC Any pT N1–3 M0 S3

Any pT Any N M1a S3

Any pT Any N M1b Any S

aMeasured post-orchiectomy
Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The original and primary 
source for this information is the AJCC Cancer Staging Manual, Seventh Edition (2010) published by Springer 
Science+Business Media

addressed in future updates of the system1. The 
size of the tumor is not currently included as 
a staging parameter. However, a review deter-
mined that seminomas larger than 4 cm were 
twice more likely to recur than smaller tumors 
[123]. Similarly, von der Maase et al. found a 
significantly higher relapse 4-year relapse rate 
in patients with tumors larger than 6 cm [279]. 
The rete testis invasion has also been associated 
with higher odds of recurrence (Fig. 7.41) [123, 
277, 278]. In the same study by Warde et al., 
patients with tumor invading into the rete testis 
had a 1.7 higher risk of relapse. Other studies 
have not found significant differences in sur-
vival between tumors with and without the rete 
testis involvement [126, 280]. Attention should 
be paid to not equate pagetoid spread of GCNIS 
to the rete testis epithelium with direct inva-
sion of the rete testis by invasive tumor (Figs. 
7.2 and 7.41) [281]. Similarly, there is contro-

versy regarding the adequate stage for a tumor 
that involves the hilar fat of the testis, but not 
the spermatic cord. Currently, this tumor should 
be staged as pT1 or pT2 (depending on the 
absence or presence of lymphovascular inva-
sion). However, it clearly represents extratestic-
ular extension of the tumor and likely a higher 
risk of recurrence [281, 282]. Other criticisms to 
the system include the disproportionate weight 
conferred to the invasion of the tunica vaginalis 
and the scrotum, which are relatively rare phe-
nomena [282], and the lack of differentiation 
of the pattern of involvement of the spermatic 
cord, which may be involved by direct extension 
(Fig. 7.42) or lymphovascular invasion [281]. 
Given the different impact that some features 
have on seminoma and non-seminomatous germ 
cell tumors, it may be reasonable to question if 
the same staging system should be used for both 
types of tumors.

1 Since the submission of this manuscript the 8th edition of the AJCC Cancer Staging Manual has been published, 
addressing some of the issues mentioned in this section. For more information please refer to AJCC Cancer Staging 
Manual, 8th edition. Amin M et al (ed). Springer 2017.
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7.11  Handling of Orchiectomy 
Specimens

Radical orchiectomy specimens usually include 
the distal segment of the spermatic cord, with 
attached soft tissue, and the testis and epididymis  
covered by the parietal layer of the tunica vagina-
lis. Preferably, orchiectomy specimens should be 
inspected and at least initially handled in their 
fresh state. Measurements of the spermatic cord 
should be obtained. Attention should be paid to 
the external surface of the tunica vaginalis, to 
check for tumor invasion. Before opening the 
tunica vaginalis, the proximal end of the spermatic 
cord should be transversely sectioned and placed 
in a separate cassette, to avoid contamination with 
tumor cells once the tumor is cut [283]. The 

remaining spermatic cord should be serially sec-
tioned, and any area suspicious for tumor should 
be submitted. If no gross abnormality is detected, 
representative sections of the mid and distal por-
tion of the cord should be taken and separately 
submitted. The parietal layer should then be 
incised, and the inner lining of the visceral and 
parietal layers of the tunica vaginalis should be 
inspected. Any fluid should be noted and described, 
and measured and collected when appropriate. 
Attention should be paid to any nodules in the 
tunica, or evidence of tumor invasion. After 
recording the three measurements of the testis, 
this one should be bivalved by longitudinally sec-
tioning from the outer surface toward the hilum. 
Any tumor should be measured and multifocality 
or extension to the hilum or rete testis, epididymis, 
tunica albuginea, or extratesticular soft tissues 
documented. Larger tumors may require parallel 
sections to assess for these changes. The cut sur-
face of the tumor should be described, including 
features such as circumscription and lobulation 
and the presence of hemorrhage, necrosis, fleshy 
solid surfaces, cysts and their contents, or carti-
laginous material. Sections for histologic exami-
nation should include all grossly different areas, 
including all hemorrhagic and necrotic ones. 
Because of the importance of finding even a small 
non-seminomatous component, tumors with the 
gross appearance of seminoma should be sampled 
extensively. While small tumors can be easily sub-
mitted entirely, larger tumors should be sampled at 
a minimum of one section per centimeter, usually 
erring on the side of generous sampling [281]. 
Additional sections should include those of non-
neoplastic parenchyma, including close to and 
away from the tumor, and the relationship of the 
tumor with the rete testis, tunica albuginea, and 
extratesticular structures should be demonstrated 
in representative sections.

7.12  Pathology of Retroperitoneal 
Lymph Node Dissection

Retroperitoneal lymph node dissection (RPLND) is 
the most common surgical procedure for staging of 
testicular GCT. The rationale behind this is the 

Fig. 7.42 Staging. Seminoma involving the spermatic 
cord represents pT3 disease

Fig. 7.41 Staging. Embryonal carcinoma demonstrating 
infiltration into the rete testis
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predictable pattern of spread of testicular tumors, 
following the lymphatic drainage of the testis. This 
pattern is identical to all forms of GCT, with the 
possible exception of CC, which has a propensity to 
disseminate hematogenously. The primary “landing 
site” for right testicular tumors is the interaortocaval 
lymph nodes, followed by the precaval and paraca-
val nodes, while left testicular tumors tend to drain 
first into the preaortic and para-aortic lymph nodes, 
followed by the interaortocaval nodes. Contralateral 
spread is common in right testicular tumors, while 
rare in left-sided tumors, except in the setting of 
bulky disease [284, 285].

In general, RPLND is performed in one of the 
following settings [286]:

 1. Primary RPLND in patients with clinical 
stage 1 or clinical stage 2 disease non- 
seminomatous GCT

 2. Post-chemotherapy RPLND (PC-RPLND) in 
patients with a clinical stage 2 or higher non-
seminomatous GCT

 3. Post-chemotherapy RPLND in patients with 
seminoma with residual masses

 4. Salvage RPLND in the setting of recurrences 
after any modality of management of non- 
seminomatous GCT

The above settings are derived from the differ-
ent management approaches to GCT at different 
stages, which are extensively discussed in Chap. 5.

7.12.1  Pathologic Findings 
in Primary RPLND Specimens

The surgical pathologist plays a significant role in 
defining the staging and management of 
GCT. Approximately 30 % of clinical stage I tes-
ticular GCT will have metastatic disease detected 
after histopathologic examination of an RPLND 
specimen [287, 288], or upon recurrence at this 
site during surveillance [276, 289, 290]. Because 
of this, management approach of clinical stage I 
non-seminomatous GCT is still controversial, 
with primary RPLND being one of the three 
options available, the other two being active sur-
veillance and one adjuvant cycle of BEP chemo-
therapy. Advantages of the adjuvant RPLND 

approach include an accurate staging of the retro-
peritoneum, marked reduction in the number of 
cycles and amount of chemotherapy needed long 
term, the use of chemotherapy exclusively on 
patients with documented metastatic disease, 
decrease need of imaging studies for follow-up, 
and removal of teratoma elements from the retro-
peritoneum. Disadvantages include exposure to 
surgery for a large proportion of patients that will 
not have metastatic disease, risk of retrograde 
ejaculation and other less common morbidities, 
need of expert surgeons, and slightly higher levels 
of relapse compared to BEP (8 % vs. 3 %) [291].

In a recent series [292], the most common his-
tology found in the setting of positive primary 
RPLND was EC. Out of 183 patients with patho-
logically positive RPLND, 160 contained this 
element, and in 99 of those EC was the only ele-
ment found. YST was present in 50 cases, while 
seminoma was present in 11 (8 of which had a 
pure seminoma component). Teratoma was pres-
ent in 44 cases, but was pure only in 12.

Tumor histologic type does not appear to pre-
dict which patients are going to relapse [292, 
293]. Other histologic findings, such as extra 
nodal extension, have been suggested as predic-
tive of higher rates of relapse by some series [294, 
295], but not by others [292, 293]. While number 
of lymph nodes involved and metastatic tumor 
size define stage and thus impact prognosis and 
therapy, within the category of pN1 a number or 
ratio of positive lymph nodes do not appear to 
confer significant prognostic information [296].

7.12.2  Pathologic Findings in Post- 
chemotherapy RPLND 
Specimens

RPLND may be performed in patients that have 
had previous chemotherapy, usually patients with 
high-stage clinical disease (N2 or N3). Most 
RPLND are performed after two cycles of che-
motherapy, although it is not uncommon to have 
it done after three or four cycles [297]. In the 
post-chemotherapy setting, the histologic find-
ings are not only useful in the staging of the dis-
ease but also provide an idea of the response of 
the tumor to therapy (Table 7.11). Therapy 
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response and volume of residual disease may 
impact incidence of relapse in these patients.

Three basic histologic patterns may be seen in 
PC-RPLND specimens:

 1. Evidence of tumor response: Usually in the 
form of necrosis, but also as granulomatous 
inflammation or fibrosis (Fig. 7.43). However, 
recent data revealing similar molecular changes 
between fibrosis and adjacent mature teratoma 
suggests that fibrosis may actually correspond 
to residual teratoma and thus should not be 
considered evidence of tumor response [298].

 2. Residual GCT, non-teratomatous types: These 
include the presence of histologically viable 

tumor, with EC, seminoma, YST, or CC mor-
phology (Fig. 7.44).

 3. Residual teratomatous elements, histologically 
viable (Fig. 7.45). The rationale for separating 
teratomatous and non-teratomatous elements 
resides in the fact that teratoma response to 
chemotherapy is not expected, and thus, the 
presence of teratoma does not imply ineffective 
or insufficient chemotherapy. Surgical removal 
of teratoma elements is required, as teratomas 
may grow and impinge on vital structures 
(“growing teratoma syndrome”) [145, 146] or 
may undergo development of somatic malig-
nancy [135]. The presence of teratoma and 
YST in the primary tumor is a predictor of tera-
toma in PC-RPLND specimen [168].

Table 7.11 Pathologic findings in post-chemotherapy 
RPLND specimens

Evidence of tumor regression:

  Fibrosis

  Necrosis

  Granulomatous inflammation

Residual viable non-teratomatous tumor:

  Embryonal carcinoma

  Yolk sac tumor

  Seminoma

  Choriocarcinoma

  Mixed GCT

Residual teratoma

Residual special histologies

  Somatic-type malignancy

  Rhabdomyomatous differentiated tumor

  Cystic trophoblastic tumor

Fig. 7.45 Retroperitoneal lymph node dissection 
(RPLND). RPLND shows a lymph node with only histo-
logically viable teratoma within a lymph node

Fig. 7.44 Retroperitoneal lymph node dissection 
(RPLND). RPLND shows a lymph node with residual 
embryonal carcinoma

Fig. 7.43 Retroperitoneal lymph node dissection (RPLND). 
RPLND shows a lymph node with extensive treatment effect 
characterized by the presence of fibrosis, diffuse histiocytic 
infiltrates, and focal hemosiderin deposition
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In a series from Indiana University of 71 
patients that underwent PC-RPLND, fibrosis 
was found in 51 % of cases, teratoma-only was 
found in 21 % of cases, and residual viable 
non- teratoma GCT in 28 % of cases. A 5-year 
survival for both the fibrosis and teratoma cat-
egories was 87 %, compared to 47 % 5-year 
survival for those with residual viable non-ter-
atoma GCT [297]. In another series of 
PC-RPLND, this time in patients with pure 
seminoma associated with elevated levels of 
AFP, Peterson et al. found viable non- teratoma 
GCT in 37.5 %, teratoma only in 12 (30 %), 
and necrosis/fibrosis only in 13 (32.5 %). The 
histologies of the cases with residual viable 
non-teratoma GCT included seminoma, EC, 
YST, sarcoma, and mixed GCT [63].

Post-chemotherapy specimens also may har-
bor unusual GCT histologies, which the surgical 
pathologist needs to recognize for appropriate 
diagnosis and management. These include histo-
logic entities whose development is likely induced 
or at least potentiated by chemotherapy:

 1. Somatic-type malignancy: While the devel-
opment of somatic-type malignancy is not a 
phenomenon exclusively found in post-che-
motherapy specimens, it is more commonly 
seen in this setting [135]. The most common 
histologies are peripheral neuroectodermal 
tumors, rhabdomyosarcoma and other sarco-
mas, and adenocarcinomas; however, a wide 
spectrum of somatic histologic types has 
been described. Development of somatic-type 
malignancy confers a poor prognosis, particu-
larly in the post-chemotherapy setting. A thor-
ough review of this phenomenon is presented 
in Chap. 12.

 2. Rhabdomyomatous differentiated tumor: 
These unusual tumors, which are explained in 
larger detailed in Chap. 12, correspond to 
aggregates of benign terminally differentiated 
rhabdomyoblasts, in the setting of teratoma-
tous elements, and found in post- chemotherapy 
RPLND specimens [299]. Its recognition is 
important to differentiate it from rhabdomyo-
sarcoma arising in teratoma as a somatic-type 
malignancy.

 3. Cystic trophoblastic tumor (CTT): These 
tumors are characterized by cysts of variable 
sizes, lined by cells with abundant cytoplasm, 
smudged nuclei, occasional multinucleation, 
and cytoplasmic lacunae (Fig. 7.46) [300] (see 
also Table 7.7). None to minimal mitotic 
activity is usually seen. The cells are arranged 
in one or several layers of flattened epithe-
lium, with occasional tufting or micropapil-
lae. Fibrinous material is present in the lumen 
of the cysts. Immunohistochemical studies 
show focal β-hCG reactivity. CTT is usually 
associated only with teratoma elements. 
Follow- up reveals a relapse rate comparable 
to that of RPLND specimens with only tera-
toma elements, in contrast with residual CC, 
which is associated with high relapse rate and 
requires additional chemotherapy. Serum 
β-hCG is only mildly elevated in a few cases. 
It is thought that CTT represents another form 
of cytodifferentiation induced by chemother-
apy, in this case from original trophoblastic 
elements. Accurate recognition of this type of 
tumor is important to avoid overtreatment 
given to PC-RPLND specimens that show 
residual CC. Attention should be paid to the 
lack of biphasic pattern characteristic of CC 
and the lack of mitotic activity, necrosis, and 
hemorrhagic background.

Fig. 7.46 Cystic trophoblastic tumor (CTT). Cystic 
lesion lined by several layers of flattened epithelium with 
scant fibrinous material in the lumen. Individual cells have 
abundant cytoplasm, lack mitotic activity, and show occa-
sional cytoplasmic lacunae (Image courtesy of Gladell 
Paner, MD, University of Chicago, Chicago, IL)
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Mediastinal Germ Cell Tumors

Anja C. Roden

8.1  Introduction

Mediastinal germ cell tumors (GCTs) have been 
described at least since the beginning of the 
twentieth century [1]. However, for many years 
there was some controversy whether these tumors 
are truly of mediastinal origin or whether they 
represent metastases from an occult gonadal 
tumor or a subtype of thymoma. Therefore, 
tumors with morphological features of seminoma 
were termed, for instance, “seminoma-like 
tumor” or “seminomatous thymoma” [2, 3]. In 
the 1970s and 1980s, the concept of primary 
mediastinal germ cell tumors (PMGCTs) became 
well established [4–7].

Although PMGCTs are histological and ultra-
structural similar to their gonadal counterpart [4], 
the behavior of at least a subgroup of these 
tumors is different. For instance, in contrast to 
gonadal GCT, in the adult mediastinum, nontera-
tomatous components are regarded as malignant. 
In addition, PMGCTs have distinct differential 
diagnoses due to their location. It is important to 
differentiate PMGCT from these other malignan-

cies in the mediastinum because of differences in 
treatment and outcome.

8.2  Demographics

PMGCTs are rare and comprise approximately 
1–15 % of all mediastinal neoplasms in adults 
and 11 % in children [8–10]. Even though the 
mediastinum is the most common primary site of 
extragonadal GCTs in male patients, PMGCTs 
only account for approximately 2–5 % of all 
GCTs [11–13]. According to data from the 
Surveillance, Epidemiology, and End Results 
(SEER) 9 registries (1973–2007) [13], 2.1 % of 
all GCTs (1.8 % of seminomas, 2.4 % of non-
seminomatous tumors) in white males and 4.7 % 
in black males are found in the mediastinum. 
Similarly, 2.3 % of all GCTs (2.8 % of dysgermi-
nomas, 2.1 % of non-dysgerminomatous GCTs) 
in white females and 0.8 % in black females are 
identified in the mediastinum [13]. The incidence 
rates are 1.3/ 1 million for white males and 0.1/1 
million for white females [13]. An epidemiologic 
study from Germany reported slightly lower inci-
dence rates of mediastinal seminomas, non-sem-
inomatous GCT in males, and non-dysgerminomas 
in females of 0.11, 0.2, and 0.03 per 1 million 
people, respectively [14].

In adults, PMGCTs occur predominantly in 
men; only approximately 9–14 % arise in women 
[13, 15–17]. The incidence of PMGCT abruptly 
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increases at puberty. Overall, these tumors are 
more common in older adolescence and postpu-
bertal children with a mean age of 29 years 
(range, 2–67 years) and peaks of incidence 
between ages 20 and 25 and around age 35 [13]. 
However, the age of the patient at the time of 
tumor diagnosis largely depends on the tumor 
type. For instance, congenital teratomas and 
yolk sac tumors occur predominately in very 
young patients, while seminomas are usually 
diagnosed in patients 10 years and older [18]. In 
contrast, sarcomatous elements are rare in 
PMGCT of children [19]. Similarly, mixed 
malignant PMGCTs are more common with 
increasing age. In adults, seminoma is the most 
common nonteratomatous component; yolk sac 
tumor, embryonal carcinoma, and choriocarci-
noma may also occur. A rare case of placental 
site trophoblastic tumor presenting as a recur-
rence 2 years after the resection of a mediastinal 
teratoma in a 14-year- old male patient has also 
been described [20].

8.3  Clinical Features

Most mediastinal GCTs (82 % in a radiologic 
study) occur in the anterior mediastinum [21] and 
are commonly associated with the thymus [22]. 
In 14 %, multiple mediastinal compartments are 
affected [21]. Because of the relative large space 
in the anterior mediastinum, mediastinal GCTs, 
especially slow growing mature teratomas or 
seminomas, are often incidental findings [15, 23, 
24]. The clinical presentation of patients with 
mediastinal GCT depends largely on tumor size. 
Symptoms such as cough, chest pain, hemopty-
sis, dyspnea, postobstructive pneumonia, and/or 
superior vena cava (SVC) syndrome occur in 
general due to compression of adjacent organs 
including large airways, great vessels, the heart, 
and phrenic nerve [25–28]. SVC syndrome, for 
instance, was described in approximately 
10–25 % of anterior mediastinal seminomas [7, 
15, 29–31]. Rarely, the tumor can erode into an 
adjacent bronchus which, in case of a mature 
teratoma, can lead to expectoration of hair 

(trichoptysis) or sebaceous debris [32]. Other 
rare complications include erosion into the peri-
cardium, adjacent vascular structures, or through 
the skin to form a draining fistula [33, 34]. Painful 
gynecomastia was described in a patient with 
seminoma [35]. This patient had high circulating 
estradiol and beta-HCG levels that normalized 
after resection of the tumor.

Klinefelter syndrome is the only risk factor 
that has been identified for PMGCTs. This syn-
drome was identified in 8–22 % of male patients 
with PMGCT [27, 28, 36]. A study of 696 men 
with Klinefelter syndrome of the Danish 
Cytogenetic Register revealed a 67 times higher 
risk to develop PMGCT for patients with the syn-
drome than male patients without it [37]. Patients 
with PMGCT associated with Klinefelter syn-
drome are in general younger 4.5–31 years old 
than patients without the syndrome [27, 28, 37, 
38]. In a study by Nichols, patients with 
Klinefelter syndrome and PMGCT had a median 
age of 15 years (range, 14–28 years) in contrast 
to 28 years (range, 18–35 years) in patients with 
PMGCT without the syndrome [27]. In some 
patients the diagnosis of Klinefelter syndrome is 
only established after a PMGCT has been identi-
fied. Therefore, a cytogenetic analysis has been 
recommended for young male patients with 
PMGCT [39]. The association of Klinefelter syn-
drome with PMGCTs is thought to be related to a 
persistent elevation of gonadotropin levels in 
these patients [37]. Gonadotropins might contrib-
ute to the malignant transformation of incom-
pletely migrated primordial cells/germ cells [37]. 
However, genetic factors on the X chromosome 
have also been hypothesized [40]. Interestingly, 
the association with Klinefelter syndrome 
appears to be specific to PMGCT and pineal GCT 
but not gonadal or retroperitoneal GCT [38]. 
Furthermore, Klinefelter syndrome appears to be 
only associated with non-seminomatous PMGCT 
including teratoma with seminomatous or embry-
onal carcinoma and yolk sac tumor, pure tera-
toma, and yolk sac tumor. The reason for this 
restricted association of Klinefelter syndrome 
with non-seminomatous GCT of the mediasti-
num and pineal gland is not entirely clear. In 
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addition a small subgroup of prepubertal children 
with PMGCT and Klinefelter syndrome present 
with precocious puberty due to HCG-producing 
PMGCT [40].

PMGCTs most commonly metastasize to the 
lung and bone, but metastases are also found in 
the liver, spleen, brain, tonsils, and subcutaneous 
tissue [6]. Only a minority of patients with medi-
astinal GCT has metachronous testicular tumors. 
Bokemeyer et al. [41] noted metachronous tes-
ticular tumors in only 1.1 % of men with medias-
tinal GCT. Fossa et al. [42] reported that three (of 
15, 20 %) men with mediastinal GCT presented 
with testicular germ cell neoplasia in situ.

8.4  Imaging Findings

Teratomas usually present as an anterior medias-
tinal mass on chest X-ray. Calcifications are seen 
in 25 % of cases [21, 33]; well-formed teeth or 
bone are very suggestive of the diagnosis. 
Occasionally, areas of radiolucency suggest fat. 
Diffuse mediastinal widening or a mediastinal 
mass partially obscured by pulmonary parenchy-
mal consolidation or cardiomegaly has also been 
described [21]. CT and MRI better characterize 
densities within the lesion suggestive of fat, seba-
ceous material, or cystic elements [21]. A multi-
locular cystic anterior mediastinal mass with fat 
content on CT scan is virtually diagnostic of 
mature teratoma. However, mature teratomas can 
also present as more heterogeneous masses, con-
taining soft tissue, fluid, fat, and calcium attenua-
tion. On CT scans, the majority of mature 
teratomas have well-defined margins against the 
adjacent lung parenchyma with a lobulated con-
tour present in about half of the cases. The most 
common MR imaging finding is also a heteroge-
neous mass with signal intensities isointense with 
muscle, fluid, and fat [21]. Effusions are rather 
uncommon [21].

Immature teratoma can present as a large uni-
lateral mass with heterogeneous densities and 
displacing mediastinal structures [43]. Malignant 
elements may exhibit an irregular thick wall with 
indistinct margins, obliteration of tissue planes, 

invasion of mediastinal structures, and/or exten-
sive necrosis [44–46].

Seminomas typically appear as large and 
bulky, well-marginated, lobulated masses on 
chest X-ray [29, 47]. While its margins are usu-
ally well defined, invasion of the adjacent lung 
may result in irregular borders. On CT scan, sem-
inomas appear large and coarsely lobulated with 
a homogeneous attenuation equal to that of soft 
tissue that may obliterate tissue planes or directly 
invade adjacent structures [47]. Seminomas show 
slight contrast enhancement [47]. Areas of low 
attenuation may also be detected [48]. Ringlike 
and stippled calcifications within a mediastinal 
seminoma are uncommon [49]. Rarely, when 
central necrosis occurs with little residual solid 
tumor (8 %), the lesion may exhibit extensive 
unilocular or multilocular low attenuation areas 
and may mimic cystic anterior mediastinal 
lesions [50–52]. Metastatic intrathoracic lymph-
adenopathy may also be observed [53].

Non-seminomatous GCTs manifest as large 
bulky anterior mediastinal masses that frequently 
exert mass effect on adjacent thoracic structures. 
Tumor margins may be well circumscribed or 
poorly defined [48]. CT typically demonstrates 
large heterogeneous masses with extensive cen-
tral areas of low attenuation due to necrosis and 
hemorrhage. Residual viable tumor in general 
presents as lobular papillary soft tissue compo-
nents in the periphery of the lesion that usually 
enhance [47]. Adjacent mediastinal tissue planes 
are frequently obliterated, and there may be 
radiologic findings of mediastinal, lung, or chest 
wall invasion. Associated pleural and pericardial 
effusions are common [54]. Metastases to 
regional lymph nodes may present as mediastinal 
lymphadenopathy [55, 56].

8.5  Histogenesis

Several hypotheses for the histogenesis of 
PMGCTs have been proposed:

 (i) Primordial germ cells fail to complete the 
normal migration along the urogenital ridge 
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to the gonadal ridges during embryonal 
development. This may be due to an abnor-
mality in the primordial germ cell itself or in 
its microenvironment [57]. Different stages 
of development of the primordial cells and 
microenvironmental conditions may deter-
mine the final histology of the tumors at 
these sites [58].

 (ii) Germ cells transformed in the testes undergo 
reverse migration [59, 60]. This hypothesis 
was supported by the lack of significant dif-
ferences of chromosome aberrations 
between gonadal and mediastinal GCTs. 
For instance, nonrandom chromosomal 
changes were found to be essentially the 
same in gonadal and mediastinal GCT, and 
the incidence of isochromosome 12p was 
similar between gonadal and mediastinal 
GCT [59]. However, there are some biologi-
cal differences between mediastinal non- 
seminomatous GCTs compared to its 
gonadal or retroperitoneal counterparts 
including worse prognosis and higher inci-
dence of yolk sac tumor elements and leuke-
mia in patients with mediastinal GCTs. 
Although these differences might result 
from differences in the cell of origin which 
would dispute this hypothesis, they also 
could result from the tumor’s 
microenvironment.

 (iii) Since mediastinal GCTs are usually associ-
ated with the thymus, mediastinal GCT 
might arise from thymic cells with germ cell 
potential.

Although morphologically similar, evidence 
suggests histogenetic differences between pri-
mary mediastinal and testicular GCTs [61–63]. 
For instance, the ploidy of mediastinal tumors is 
closer to those of testicular GCT of children that 
are usually diploid [61]; in contrast, testicular 
GCTs of adults are consistently aneuploidy [58]. 
A study comparing k-ras-2 gene sequences 
between mediastinal and testicular seminomas 
showed that 8 % (1 of 13) of mediastinal semino-
mas had a k-ras mutation in codon 13, while 15 % 
(2 of 13) of testicular seminomas had k-ras muta-
tions in codon 12 [62]. Other studies confirmed 

that k-ras mutations in testicular GCT, if identi-
fied, are in codon 12 [64, 65]. Furthermore, weak 
p53 immunostaining was identified in 31 % of 
mediastinal seminomas in contrast to 77–90 % of 
testicular seminomas and 94 % of testicular non- 
seminomatous GCT [66]. A unique kit gene 
mutation on exon 17 was identified in about 50 % 
of primary mediastinal seminomas [63].

8.6  Histologic Classification 
of Mediastinal Germ Cell 
Tumors

PMGCTs are classified according to the WHO 
[67], identical to the classification of gonadal 
GCTs. PMGCTs are divided into seminomatous 
tumors (pure), non-seminomatous tumors (yolk 
sac tumor, embryonal carcinoma, choriocarci-
noma, and mixed GCTs), and teratomas. Slightly 
more (52–60 %) PMGCTs are of non- 
seminomatous than seminomatous type [13, 68].

While the majority of PMGCT only has one 
tumor component, a study showed that 34 % of 
tumors had multiple components, and therefore 
adequate sampling of the tumor is essential [15]. 
The most common component of these malignant 
PMGCTs was a seminoma (88 % of cases), but 
embryonal carcinomas, malignant teratomas, 
choriocarcinomas, and yolk sac tumors were also 
identified.

8.6.1  Teratoma

Teratomas are the most common MGCT account-
ing for 43–75 % of mediastinal GCTs (Table 8.1) 
[68, 69]. They usually occur in the anterior medi-

Table 8.1 Frequency of mediastinal germ cell tumors 
[68, 69]

Mediastinal germ cell tumor Frequency (% cases)

Teratoma 43–75

Seminoma 10–37

Yolk sac tumor 2–12

Embryonal carcinoma 2–8

Choriocarcinoma 2
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astinum but occasionally can be seen in the pos-
terior mediastinum [33, 68, 70]. Mediastinal 
teratomatous tumors include mature (63 %) and 
immature teratomas (4 %) and teratomas with 
other malignant components (i.e., sarcoma, other 
malignant germ cell elements, or carcinoma) 
(33 %) [68].

Mature mediastinal teratomas have been 
described in patients between 1 month and 
73-year-olds with a peak incidence in early 
adulthood (mean 28 years) [33]. On gross exam-
ination [33] benign teratomas are usually encap-
sulated and well circumscribed (Fig. 8.1). The 
average tumor size is 10.5 cm (range, 2.5–
27 cm). Similar to mature teratomas in other 
locations, cysts might occur within the tumor 
(Fig. 8.1) [70]. However, in contrast to their 
gonadal counterpart, monodermal teratomas 
such as struma ovarii have not been described in 
the mediastinum.

In contrast to adult gonadal teratomas or con-
genital/pediatric teratomas, in the adult mediasti-
num, the distinction between mature and 
immature teratoma is critical to patient manage-
ment because immature teratomas have in gen-
eral a worse prognosis.

At present, there is no grading scheme for 
extragonadal immature teratomas; however, it 
has been suggested to report the percentage of 
immature elements. Teratomas with other malig-
nant germ cell elements (e.g., seminoma, embry-
onal carcinoma, yolk sac tumor) are regarded as 
malignant non-seminomatous GCT. Other 
adverse histologic features include sarcomatous 
or carcinomatous transformation, or an associ-
ated hematologic malignancy (see Chapter 12).

8.6.2  Seminoma

Pure seminomas represent the second most com-
mon mediastinal GCT accounting for approxi-
mately 10–37 % of all mediastinal GCTs (Table 
8.1) [68, 69]. They usually occur in the anterior 
mediastinum [23, 51]. The vast majority of medi-
astinal seminomas are identified in men; only 
rare cases have been reported in women [6, 26, 
29, 69, 71, 72]. The reported age ranges between 

11 and 79 years with a mean age of 46.5 years in 
one study [51]; other studies report that the tumor 
most commonly occurs in the third decade fol-
lowed by the fourth and second decade [6].

Seminomas vary in size from a few centime-
ters to over 16 cm in greatest diameter [23]. On 
gross examination, mediastinal seminomas are 
usually soft and have a smooth and glistening 
outer surface or may show a lobulated appear-
ance; the cut surface is coarsely lobular or exhib-
its a discrete nodular pattern, and the color varies 
from white to light tan. In some cases, solid areas 
may alternate with large cystic spaces containing 
necrotic material, whereas in other areas the 
tumor may have the appearance of an entirely 
cystic mass.

Some microscopic features appear to be 
unique to mediastinal seminomas (Table 8.2) 
(Fig. 8.2). They frequently involve the thymus, 
showing cyst formation and thymic epithelial cell 
hyperplasia [50, 73]. Cystic seminomas may his-
tologically mimic multilocular thymic cysts [50]. 
These tumors characteristically show areas of 
lymphoid hyperplasia (Fig. 8.3), cysts lined by 
squamous epithelium, and cholesterol cleft gran-
ulomas. The seminomatous component might be 
growing along the cystic walls of the tumor mak-
ing its distinction from thymic follicular hyper-
plasia or thymoma (Fig. 8.4) difficult. Therefore, 
a high level of suspicion is necessary in the case 
of cystic lesions of the thymus, especially if asso-
ciated with a granulomatous response; extensive 
sampling of these cystic tumors is critical. 
Seminomas might be especially difficult to iden-
tify in small biopsies from the mediastinum 
because of cystic changes, and inflammatory and 
granulomatous response may obscure the diag-
nostic tumor cells.

In mediastinal seminomas the neoplastic cells 
can sometimes be arranged in cell nests that are 
separated by thin fibrovascular septa. The fibro-
vascular septa will characteristically be infiltrated 
by a large number of lymphocytes. Foci with 
giant cells of the syncytiotrophoblast type have 
been observed in <5 % of mediastinal GCTs [23]. 
A few cases of anaplastic seminoma have also 
been reported in the anterior mediastinum [74]. 
Rarely, in the mediastinum, seminomas can be 
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a

c

e f

d

b

g h

Fig. 8.1 Mature cystic teratoma. (a) A well- circumscribed 
mass with smooth borders has focal yellow tissue at the 
rim. (b) Sectioning reveals a cyst with largely smooth lin-
ing and focal small nodular areas. (c) On microscopy, the 
cyst wall is comprised of fibrous tissue with glandular and 
cystic areas and thymic parenchyma (upper right). (d) 

Multiple germ layers are present including the mesoderm 
(cartilage, adipose tissue) and endoderm (respiratory epi-
thelium (e, f) and pancreatic tissue (f)). This teratoma is in 
a background of thymic parenchyma (g). The cyst is lined 
by benign ciliated respiratory epithelium (g). Magnification 
× 12.5 (c), 20 (d), 200 (e, g), 100 (f), 400 (h)
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associated with another non-GCT such as pri-
mary leiomyosarcoma [75].

Most seminomas (96 %) of the mediastinum 
harbor chromosome 12p abnormalities, including 
12p amplification (87 %) or isochromosome 12p 
(65 %) [73].

8.6.3  Other Non-seminomatous 
Mediastinal Germ Cell Tumors

Other non-seminomatous mediastinal GCTs are 
rare (Table 8.1).

The histopathologic characteristics of non- 
seminomatous mediastinal GCTs such as embry-
onal carcinoma, mixed germ cell tumors, yolk 
sac tumors (Fig. 8.5), and choriocarcinomas are 
similar to their gonadal counterparts and are 
described elsewhere in this book.

8.6.4  Sarcomatoid Component 
of Mediastinal Germ Cell 
Tumors

Sarcomatous differentiation of GCT is most fre-
quently seen in the mediastinum and may occur 
in association with mature teratomas or, less 

commonly, with other malignant GCTs including 
immature teratoma, choriocarcinoma, yolk sac 
tumor, and seminoma [76]. The most common 
type of heterologous differentiation is rhabdo-
myosarcoma; other sarcomatous components 
include angiosarcoma, leiomyosarcoma, glio-
blastoma multiforme, malignant peripheral nerve 
sheath tumor, epithelioid hemangioendotheli-
oma, and undifferentiated sarcoma (Fig. 8.6) 
[76]. Cases with components of chondrosarcoma, 
osteosarcoma, liposarcoma, malignant fibrous 
histiocytoma, primitive neuroectodermal tumor, 
and neuroblastoma have also been reported. Any 
somatic-type malignancy should be reported 
because PMGCTs with sarcomatous differentia-
tion are unresponsive to conventional GCT ther-
apy and their prognosis is dismal [76]. An 
estimate of the involved area may also be helpful 
(see also Chapter 12).

Because of the poor prognosis of patients with 
PMGCT with sarcomatous component, its dis-
tinction from immature mesenchyme in an imma-
ture teratoma is critical. In general, the spindled 
component of immature teratoma is cytologically 
bland, is relatively monomorphic, and is typically 
condensed around teratomatous glands with a 
concentric, swirling growth pattern. In contrast, 
sarcomatous differentiation is characterized by 
an expansile and architectural complex (i.e., 
intersecting fascicles or storiform pattern) growth 
with infiltration of the surrounding tissues; usu-
ally has a greater degree of nuclear pleomor-
phism and hyperchromasia, obvious mitotic 
activity, and obvious malignant heterologous dif-
ferentiation; and lacks intimately admixed 
glands. Rhabdomyoblasts can be distinguished 
from hepatoid yolk sac tumor or other eosino-
philic mimickers by the demonstration of expres-
sion of smooth muscle markers including desmin 
and myogenin. In contrast to stromal overgrowth, 
sarcomatous differentiation shows independent 
growth by virtue of replacing teratomatous glands 
or other germ cell elements, thus forming an area 
of pure sarcoma [77].

Patients with PMGCT with sarcomatous com-
ponent appear to have a worse prognosis than 
their gonadal counterparts. Malagon et al. [76] 
showed that only 18 % of patients with PMGCT 

Table 8.2 Histopathologic features of primary mediasti-
nal seminomas (Figs. 8.2 and 8.3) [51, 73]

Histopathologic features
Frequency (% 
cases)

Lymphocytic infiltration 100

Fibrous septa/stroma 91

Prominent tumor cell nucleoli 91

Clear tumor cell cytoplasm 87

Distinct tumor cell borders 87

Non-necrotizing granulomatous 
inflammation

46–74

Cellular pleomorphism 43

Necrosis 35

Thymic remnants 27

Prominent cystic changes 8

Intercellular edema 4

Syncytiotrophoblasts 4

Mean mitotic count/ten high-power 
fields

4.4 (range, 
0–16)
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Fig. 8.2 Seminoma arising in the thymus. (a) Lymphoid 
tissue with germinal centers contains scattered nests of 
atypical cells (arrows). (b) These irregular nests are com-
prised of cohesive atypical epithelioid cells, many of 
which have clear cytoplasm (c) and others have more 
eosinophilic cytoplasm (d). Many tumor cells have promi-

nent nucleoli. Occasional Hassall corpuscles within the 
lymphoid tissue suggest a background of thymic paren-
chyma (e). The neoplastic cells are positive for OCT4 (f) 
and CD117 (g) and are negative for CD30 (h) and keratin 
AE1/AE3 (i). Magnification × 12.5 (a), 100 (b), 400 
(c–i)

a

c

e f

d

b
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with sarcomatous component were alive at 
12–42 months, while 82 % had died from disease 
between 1 and 37 months. Patients with medias-
tinal tumors usually die due to local compromise 
of vital structures. In contrast 56 % of patients 
with testicular GCT with sarcomatous compo-
nent were alive at 1–72 months, and only 44 % 
had died from disease between 5 and 96 months. 
Despite their better prognosis, testicular GCTs 
with sarcomatous component have a greater 
 tendency for metastases (75 %) compared to 
mediastinal tumors (18 %). These differences in 
tumor behavior and prognosis may be due to 
location and size of the lesion and their resect-
ability. In the study by Malagon et al. [76], the 
majority of extragonadal tumors were larger and 
bulkier than the gonadal lesions and were more 
commonly excised with positive margins. 
Moreover, the mediastinal location allows tumors 
to grow much larger before becoming 

 symptomatic, so increasing the potential for 
malignant transformation. Because of the large 
size, the majority of PMGCTs were extensively 
infiltrative at the time of surgery making com-
plete resection very difficult.

8.7  Ancillary Studies

Ancillary studies might be utilized to distinguish 
PMGCT from other primary or secondary medi-
astinal tumors. Immunohistochemical and cyto-
genetic studies are most helpful.

8.7.1  Immunohistochemical Studies 
(Table 8.3)

In general, the immunophenotype of PMGCT is 
similar to its gonadal counter. However, there are 

g

i

h

Fig. 8.2 (continued)
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some significant differences in the expression of 
some antigens, especially on tumor cells of semi-
nomas [78]. For instance, in a study by Suster et al. 
[78], the low molecular weight keratin CAM 5.2, 
which shows a strong dot-like paranuclear staining 

pattern in seminomas, is expressed in 80 % of 
mediastinal seminomas but only in 20 % of testic-
ular seminomas. Similarly, PLAP is expressed in 
92.5 % of mediastinal seminomas (Fig. 8.3) but 
only in 50 % of testicular seminomas.

a

c

e

d

b

Fig. 8.3 Seminoma. (a) In this case there are only occa-
sional single tumor cells or small clusters of tumor cells in 
a lymphoid background with prominent lymphoid hyper-
plasia. On low magnification these tumor cells are diffi-
cult to identify and might be easily missed (arrow). (b) On 

higher magnification small nests of tumor cells are identi-
fied. These tumor cells have clear cytoplasm and some 
have prominent nucleoli. The neoplastic cells are high-
lighted by OCT3/4 (c), CD117 (d), and PLAP (e). 
Magnification × 20 (a), × 400 (b–e)
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OCT4 has a high sensitivity and specificity for 
seminoma and embryonal carcinoma [79–81]. 
Nearly 100 % of seminomas and embryonal car-
cinomas show nuclear reactivity with OCT4, and 
the specificity seems superior to other available 
markers (Fig. 8.2f) [79–81].

Keratins can be expressed in 39–80 % of 
mediastinal seminomas and therefore might pres-
ent a pitfall mimicking carcinoma [51, 77, 78]. 
However, in most cases, the epithelial markers 
highlight only a small proportion of tumor cells 
with variable intensities [73].

Strong membranous CD117 (kit) immunore-
activity has been reported in 75–100 % of semi-
nomas (Figs. 8.2g and 8.3d) [82]. However, in the 
mediastinum, CD117 is not specific to semino-
mas because it is also expressed in other non- 
germ cell tumors including small cell carcinoma 

and adenocarcinomas of the lung [83] and thymic 
carcinomas [84, 85]. In addition, embryonal car-
cinoma, yolk sac tumor, and choriocarcinoma 
may show some degree of weak CD117 reactivity 
(Fig. 8.5e).

CD30 is expressed in over 80 % of embryonal 
carcinomas. However, CD30 is also expressed in 
various hematopoietic malignancies which com-
monly occur in the mediastinum such as medias-
tinal large B-cell lymphoma or Hodgkin 
lymphoma (Fig. 8.7) [86] but also occasionally in 
yolk sac tumors and rarely seminoma [78].

AFP is not a reliable marker for yolk sac 
tumors because of its low sensitivity [87]. 
Furthermore, AFP can be expressed in 60 % of 
hepatoid adenocarcinomas of the lung [88]. 
Serum evaluation of AFP and [beta]-human cho-
rionic gonadotropin (beta-HCG) is frequently 

a

c

b

Fig. 8.4 Thymoma, WHO type B2. (a) On gross exami-
nation, there is a well-circumscribed, tan, lobulated tumor 
with intervening fibrous septa. (b) The lobulated architec-
ture is also apparent on low-power microscopy that 

reveals hypercellular lobules that are separated by fibrous 
septa. (c) On high magnification there is a mixture of 
larger epithelial tumor cells and small lymphocytes. 
Magnification × 12.5 (b), × 400 (c)
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a

c

e f

d

b

g

Fig. 8.5 Yolk sac tumor. (a) This tumor shows a predomi-
nant solid growth pattern with a few glandular structures. 
(b) Schiller-Duval bodies are identified. (c) The neoplas-
tic cells are round to oval with clear to eosinophilic cyto-

plasm, open chromatin, and prominent nucleoli. The 
tumor cells express keratin AE1/AE3 (d), some express 
weakly CD117 (e), and they are negative for PLAP (f) and 
OCT4 (g). Magnification × 40 (a), × 400 (b–g)
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more sensitive than immunohistochemistry. 
However, beta-HCG is also not entirely specific 
to GCT and can be seen in 10–60 % of adenocar-
cinomas of the lung [89, 90].

Although placental-like alkaline phosphatase 
(PLAP) has traditionally been the marker of 
choice for GCTs (mostly seminoma), in the set-
ting of an “undifferentiated” neoplasm in the 
mediastinum, its lack of sensitivity, generally 
high background staining, and the development 
of newer antibodies have rendered this stain less 
useful in current diagnostic practice.

8.7.2  Cytogenetic Studies

Bosl et al. [11] found that the isochromosome of 
chromosome 12 [i(12p)] as evaluated by FISH 
studies is a useful marker for GCT in males. This 
was further confirmed in a study by Sung et al. 
[73] that showed abnormalities of chromosome 
12p including 12p amplification and i(12p) in 22 
out of 23 cases of mediastinal seminoma. 
Chaganti et al. [59] performed karyotypic analy-
sis of 13 PMGCT and observed characteristic 
i(12p) in 69 % cases (9/13).

a

c

b

Fig. 8.6 Spindle cell sarcoma arising in teratoma. (a) 
Low magnification view reveals a neoplastic spindle cell 
proliferation with focal osteoid (thick arrow). A cyst lined 
by glandular epithelium (thin arrow) and another cyst 

lined by bland cuboidal epithelium (star) are suggestive of 
a teratoma. (b, c) High-power view shows pleomorphic 
spindle cells with dark nuclear chromatin consistent with a 
spindle cell sarcoma. Magnification × 40, (a), × 400 (b, c)

8 Mediastinal Germ Cell Tumors



340

Ta
b

le
 8

.3
 

Im
m

un
op

he
no

ty
pe

 o
f 

m
ed

ia
st

in
al

 g
er

m
 c

el
l t

um
or

s 
an

d 
th

ei
r 

m
im

ic
ke

rs
 [

Fr
eq

ue
nc

y 
(%

 p
os

iti
ve

 c
as

es
)]

Im
m

un
os

ta
in

Se
m

in
om

a
E

m
br

yo
na

l 
ca

rc
in

om
a

Y
ol

k 
sa

c 
tu

m
or

Te
ra

to
m

a
C

ho
ri

oc
ar

ci
no

m
a

L
un

g 
ad

en
oc

ar
ci

no
m

a
Sm

al
l c

el
l 

ca
rc

in
om

a
T

hy
m

ic
 

ca
rc

in
om

a
M

al
ig

na
nt

 
m

es
ot

he
lio

m
a

N
U

T
 m

id
lin

e 
ca

rc
in

om
a

O
C

T
 4

 [
73

, 1
15

, 
15

0–
15

2]
10

0
10

0
0

0
0

N
/A

a
N

/A
0

0
0

O
C

T
 3

/4
 [

15
3–

15
7]

10
0

82
–1

00
38

0
0

0
N

/A
N

/A
N

/A
0

C
D

11
7 

[7
3,

 8
2–

85
, 

15
0,

 1
57

–1
61

]
75

–1
00

77
–1

00
30

–5
9

43
0

17
82

80
–8

6
5

0–
25

SA
L

L
4 

[1
50

, 1
57

]
10

0
97

10
0

29
0

N
/A

N
/A

0
N

/A
0

A
FP

 [
78

, 8
8,

 8
9,

 
14

1,
 1

50
, 1

57
, 1

58
]

0
0

56
–

10
0

N
/A

0
60

b
N

/A
N

/A
N

/A
0

B
et

a-
H

C
G

 [
78

, 8
9,

 
90

, 1
41

, 1
57

, 1
62

]
3

33
0

10
–6

0
10

0
7–

60
0

0
0

0

PL
A

P 
[7

3,
 7

8,
 1

41
, 

15
0,

 1
57

, 1
63

–1
65

]
43

–1
00

59
40

0
0

25
–6

7
N

/A
0

15
0

D
2–

40
 [

15
3,

 1
58

, 
16

6]
96

–1
00

35
3

N
/A

N
/A

7
N

/A
N

/A
96

N
/A

C
A

M
 5

.2
 [

73
, 7

8,
 

15
7,

 1
61

, 1
65

, 
16

7–
16

9]

48
–8

0
10

0
10

0
10

0
10

0
10

0
10

0
10

0c
10

0
73

K
er

at
in

 A
E

1/
A

E
3 

[7
3,

 7
8,

 1
57

, 1
58

, 
16

7,
 1

68
, 1

70
]

0–
43

10
0

10
0

10
0

10
0

10
0

50
–1

00
10

0
10

0
31

H
ig

h 
m

ol
ec

ul
ar

 
w

ei
gh

t k
er

at
in

 [
73

, 
16

8,
 1

71
–1

73
]

0–
39

0
N

/A
N

/A
N

/A
25

–8
2

0
10

0d
89

e
N

/A

C
K

7 
[7

3,
 1

03
, 1

57
, 

16
1,

 1
64

, 1
71

, 1
74

, 
17

5]

39
–4

1
10

0
N

/A
97

N
/A

79
–1

00
43

80
65

–8
1

40

C
K

20
 [

73
, 1

03
, 1

57
, 

17
4]

0
0

0
0–

10
0

N
/A

10
0

N
/A

0
0

E
M

A
 [

73
, 1

53
, 1

57
, 

16
5,

 1
67

, 1
71

, 
17

6–
17

8]

2–
9

33
29

10
0f

54
95

–1
00

N
/A

10
0

96
e –

98
71

A.C. Roden



341

C
D

5 
[8

4,
 1

57
, 1

65
, 

17
5,

 1
79

, 1
80

]
0

N
/A

N
/A

N
/A

N
/A

10
0

20
–7

0
0–

12
33

C
D

30
 [

73
, 7

8,
 8

2,
 

15
0,

 1
53

, 1
57

, 1
65

, 
18

1]

0–
2

73
–1

00
0–

11
40

g
0

0
0

N
/A

0
12

T
T

F-
1 

[1
03

, 1
57

, 
16

1–
16

3,
 1

65
, 1

72
, 

17
7,

 1
79

, 1
82

–1
84

]

0
0

0
50

N
/A

57
–8

9
85

–9
5

0
0

33

C
al

re
tin

in
 [

16
7,

 
17

3,
 1

77
, 1

85
, 1

86
]

9
0

N
/A

0
0

4–
10

41
N

/A
87

–1
00

N
/A

W
T-

1 
[1

57
, 1

79
, 

18
2]

N
/A

N
/A

0
N

/A
N

/A
0

N
/A

5
58

–9
3

0

N
U

T
 [

15
7,

 1
87

, 
18

8]
19

–7
1%

h
0

5
N

/A
N

/A
N

/A
N

/A
6i

N
/A

10
0

a N
/A

, n
ot

 a
va

ila
bl

e
b 6

0%
 o

f 
he

pa
to

id
 lu

ng
 a

de
no

ca
rc

in
om

a
c T

hy
m

ic
 c

ar
ci

no
m

a 
w

ith
 c

le
ar

 c
el

l f
ea

tu
re

s
d S

pi
nd

le
 c

el
l t

hy
m

ic
 c

ar
ci

no
m

a
e E

pi
th

el
io

id
 m

al
ig

na
nt

 m
es

ot
he

lio
m

a
f E

M
A

 is
 e

xp
re

ss
ed

 in
 a

ll 
no

n-
ne

ur
al

 c
om

po
ne

nt
s 

of
 m

at
ur

e 
te

ra
to

m
a

g P
re

se
nc

e 
of

 C
D

30
 c

on
fin

ed
 to

 r
es

pi
ra

to
ry

 c
om

po
ne

nt
, s

qu
am

ou
s 

co
m

po
ne

nt
, G

I 
ep

ith
el

iu
m

, n
er

ve
, o

r 
ca

rt
ila

ge
 [

15
3]

, n
eg

at
iv

e 
in

 im
m

at
ur

e 
te

ra
to

m
a

h 7
1%

 in
 s

pe
rm

at
oc

yt
ic

 s
em

in
om

a,
 1

9 
%

 in
 c

on
ve

nt
io

na
l s

em
in

om
a

i T
um

or
s 

in
 th

ym
ic

 r
eg

io
n

8 Mediastinal Germ Cell Tumors



342

8.8  Differential Diagnosis 
of Mediastinal Germ Cell 
Tumors (Tables 8.4 and 8.5)

8.8.1  Germ Cell Tumors Metastatic 
to the Mediastinum

Although rare, testicular GCT can metastasize to 
the mediastinum [91]. However, in most medias-
tinal GCTs, examination of the testes fails to 
reveal a primary tumor. For instance, in 16 
patients with extragonadal GCTs, the testicles 
did not have any palpable lesion [92]. However, 
occult testicular tumors were later identified in 
10 of 12 patients with retroperitoneal GCT but in 
none of the mediastinal GCT. Therefore, not all 

testicular GCTs can be identified by palpation 
alone. In a study of 20 autopsy cases of medias-
tinal GCT, Luna and Valenzuela-Tamaris [93] 
identified only two cases in which the testes con-
tained either an occult tumor or a well-defined 
testicular scar. Moreover, of 78 autopsies of 
patients with testicular GCTs, no autopsy 
showed solely metastases in the anterior medias-
tinum without involvement of other mediastinal 
lymph nodes (middle/posterior) [94]. In another 
such study of 220 cases of metastasizing testicu-
lar tumors, no metastases were documented in 
the mediastinum [95]. These studies emphasize 
that testicular GCT can metastasize to the medi-
astinum, but that appears to be rather excep-
tional, and GCTs in the mediastinum are usually 

a

c d

b

Fig. 8.7 Classical Hodgkin lymphoma, nodular scle-
rosing type. (a) A pneumonectomy specimen contains a 
6.0 cm left centrally located, ill-defined, lobulated, 
yellow- white lung mass. (b) On low-power micros-
copy, there is a fibrotic, vaguely lobulated mass in a 
central location (note residual hyaline cartilage of a 
large airway in the upper left and right corners). (c). On 

high power, scattered large, multinucleated Reed-
Sternberg cells (arrow) are apparent in a background of 
a mixed inflammatory background predominantly com-
prised of lymphocytes, eosinophils, macrophages, and 
plasma cells. The large atypical cells mark with CD30 
(d). Magnification, × 12.5 (b), × 400 (c, d)
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of primary origin. However, the possibility of 
mediastinal GCT of testicular origin exists and 
must be excluded. A careful review of the past 
medical history, physical examination, and 
imaging studies are necessary to distinguish 
between primary and metastatic disease. 
Moreover, retroperitoneal tumor metastases are 
virtually always present in cases of testicular 
seminoma that have metastasized to the 
mediastinum.

8.8.2  Thymic Cysts

Thymic cysts may be unilocular or multilocular 
and can potentially mimic teratoma or semi-
noma. The unilocular cysts, remnants of the 
third branchial pouch-derived thymopharyngeal 
duct, may be lined by cuboidal, columnar, or 
sometimes squamous epithelium and contain 
thymic tissue within the cyst wall (Fig. 8.8) 

Table 8.4 Features that might facilitate the distinction 
between mediastinal germ cell tumors and their 
mimickers

Diagnosis Distinguishing feature(s)

Seminoma Lymphocytic infiltrate

Cyst formation possible

Intense staining for OCT4

Isochromosome 12p 
abnormalities by FISH

Thymoma Lobulated architecture

OCT4 negative

Thymic carcinoma OCT4 negative

NUT carcinoma NUT immunostain shows a 
speckeled nuclear staining pattern

t(15;19) by FISH, RT-PCR

Metastatic 
carcinoma

Morphologic features

Immunophenotype

Synovial sarcoma t(X;18), FISH, RT-PCR

Lymphoma Immunophenotype

Flow cytometry

B-cell or T-cell receptor 
rearrangement studies

Table 8.5 Differential diagnosis of tumors that might occur in the mediastinum by morphologic pattern

Morphologic pattern

Epithelial-lined 
cyst

Mixed epithelial and 
spindled

Poorly differentiated Papillary Clear cells

Mature teratoma Immature teratoma Embryonal carcinoma Embryonal 
carcinoma

Seminoma

Seminoma Yolk sac tumor Seminoma Yolk sac tumor Yolk sac tumor

Thymic cyst Malignant mesothelioma Malignant 
mesothelioma

Malignant 
mesothelioma

Thymic clear 
cell carcinoma

Enteric cyst Sarcomatoid carcinoma Thymic carcinoma Myxopapillary 
ependymoma

Metastatic 
Muellerian 
clear cell 
carcinoma

Bronchogenic cyst Synovial sarcoma Lymphoma Metastatic 
renal cell 
carcinoma

Epidermal 
inclusion cyst

Pleuropulmonary 
blastoma

NUT carcinoma, 
t(15;19)

Dermoid cyst Congenital 
peribronchial 
myofibroblastic tumor

Epithelioid 
angiosarcoma

Branchial cleft cyst Pulmonary hamartoma Lung adenocarcinoma

Thyroglossal duct 
cyst

Thymoma
(WHO type AB)

Melanoma

Epidermoid cyst Spindle cell epithelial 
tumor with thymus-like 
differentiation 
(SETTLE)

Carcinoma showing 
thymus-like 
differentiation 
(CASTLE)

Metastatic Wilms’ tumor

Modified from [77]
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[96]. Multilocular cysts are acquired cystic 
ductular dilatations due to inflammatory reac-
tion of the thymic parenchyma and are fre-
quently lined by squamous epithelium, but 
cuboidal or ciliated columnar linings are also 
described [97, 98]. Cholesterol granulomas and 
chronic inflammatory infiltrate are commonly 
found in the cyst wall of multiloculated thymic 
cysts. The lack of heterologous elements and the 
presence of thymic tissue underlying the epithe-
lium should aid in the distinction from teratoma. 
However, seminoma and yolk sac tumors should 
be carefully excluded because these tumors can 
show similar cystic changes in the thymus as 
seen in a multiloculated thymic cyst [50]. 
Awareness of this secondary thymic change and 
thorough sampling are critical in excluding an 
associated GCT.

8.8.3  Enteric Cysts

Enteric cysts are usually found in children and 
adolescents and are almost exclusively located in 
the posterior mediastinum (paraesophageal and 
gastroesophageal) [99–101]. The cyst wall con-
tains a double layer of smooth muscle and can be 
lined by simple or pseudostratified columnar, 
squamous, or gastric mucosa.

8.8.4  Bronchogenic Cysts

Bronchogenic cysts, congenital anomalies of 
foregut origin, can be found in any mediastinal 
compartment and in any age group [101, 102]. 
They may closely mimic mature teratomas 
because they are comprised of respiratory  

a

c

b

Fig. 8.8 Thymic cyst. (a) Cystic structures are sur-
rounded by a lymphoid and adipose tissue. (b) The cysts 
are lined by bland cuboidal cells. (c) Benign thymic 

parenchyma with a Hassall corpuscle is also present in the 
wall of the cyst. Magnification × 20 (a), × 200 (b, c)
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epithelium, smooth muscle, and mature cartilage 
or mucous glands. Cysts with well or moderate 
architectural differentiation toward normal tra-
cheobronchial structures, presence of respiratory- 
type epithelium, lack of enteric-type epithelium, 
immature elements, atypia, and tumor necrosis 
favor bronchogenic cyst [103]. The presence of 
CK7 expression in the absence of staining with 
CDX2 further supports bronchogenic cyst. In 
contrast, teratomas have a mixed enteric and 
respiratory epithelium, and the majority of the 
glands express CK7, CK20, CDX2, and TTF-1. 
Moreover, coexpression of CDX2 and TTF-1 
was only found in teratoma [103].

8.8.5  Meningocele

Meningoceles are posterior mediastinal cysts 
which communicate with meninges. In general 
they occur in infants and children [104]. The 
clinical/radiographic features are usually 
 characteristic. Microscopically, they might 
show various amounts of neural tissue and calci-
fication and should not be confused with 
teratoma.

8.8.6  Pleuropulmonary Blastoma

In children, pleuropulmonary blastoma (PPB) can 
potentially mimic a GCT because of its biphasic 
appearance and heterologous mesenchymal dif-
ferentiation [105, 106]. It can be cystic and/or 
solid and has sarcomatoid characteristics. It is 
usually found in the lung but occasionally can be 
identified in the pleura. The cysts are typically 
lined by respiratory or cuboidal epithelium and 
lack the squamous, gastrointestinal, or neuroglial 
lining often seen in teratoma (Fig. 8.9). The prim-
itive spindled cells of PPB often resemble embry-
onal rhabdomyosarcoma or fibrosarcoma, patterns 
which are unusual in teratoma but might be pres-
ent as sarcomatoid component in other GCTs. 
Heterologous elements such as cartilage may 
rarely be seen in PPB. The cyst lining together 
with the absence of other organized elements 

helps to distinguish this rare malignant tumor 
from a primary intrapulmonary teratoma.

8.8.7  Sarcomatoid Carcinoma

Sarcomatoid carcinomas of the lung are a broad 
spectrum of poorly differentiated non-small cell 
carcinomas that contain a sarcoma or sarcoma- 
like component (Fig. 8.10) [107]. The closest 
mimics of immature teratoma include pleomor-
phic carcinoma, carcinosarcoma, and pulmonary 
blastoma. Pleomorphic carcinoma contains a 
component of morphologically typical non-small 
cell carcinoma (i.e., squamous cell carcinoma, 
adenocarcinoma, or large cell carcinoma) 
admixed with a malignant spindle cell  component 
lacking a specific line of heterologous differenti-
ation. The obvious non-small cell lung carcinoma 
component should allow distinction from imma-
ture teratoma or PMGCT with sarcomatoid com-
ponent in most cases. Carcinosarcoma, like 
pleomorphic sarcoma, is comprised of non- small 
cell carcinoma, but, in contrast to pleomorphic 
sarcoma, also contains a differentiated sarcoma-
tous component (e.g., chondrosarcoma, rhabdo-
myosarcoma, osteosarcoma) (Fig. 8.11) [77]. 
Again, the presence of typical non-small cell 
lung carcinoma should allow the distinction in 
most cases. The closest histologic mimic of tera-
toma is the pulmonary blastoma [108–110]. 
Despite the name, this is a tumor predominantly 
of adults characterized by an admixture of fetal- 
type adenocarcinoma (tubules lined by pseu-
dostratified columnar, nonciliated epithelium 
with clear to lightly eosinophilic cytoplasm) and 
embryonic mesenchyme, both of which resemble 
fetal lung between 10 and 16 weeks of gestation 
[111]. The glands often have supranuclear or sub-
nuclear vacuoles and sometimes show squamous 
morular metaplasia creating an endometrioid 
appearance. The condensation of the spindle cell 
component around the glands may closely mimic 
immature teratoma, especially if heterologous 
differentiation is present. Recognition of the typi-
cal fetal-type gland morphology is key to this 
distinction.
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a b

Fig. 8.9 Pleuropulmonary blastoma. (a) Low magnifica-
tion reveals a multicystic tumor. (b) The cystic spaces are 
lined by respiratory epithelium. A population of primitive 

malignant small round blue cells is beneath the cyst lin-
ing. Magnification × 12.5 (a), 400 (b)

a

c d

b

Fig. 8.10 Sarcomatoid carcinoma. (a) Low-power view 
shows a hypercellular malignancy in a fibrotic back-
ground. Malignant spindle cells are growing in sheets or 
along preformed structures, in this case leading to thick-

ening of the pulmonary interalveolar septum (b) 
Neoplastic spindle cells have large nuclei with irregular 
borders and dark chromatin (c) and mark with keratin 
AE1/AE3 (d) Magnification × 20 (a), 100 (b, d), 400 (c)
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8.8.8  Non-small Cell Carcinoma

Embryonal carcinoma and, at times, seminoma 
can have significant morphologic overlap with a 
poorly differentiated carcinoma (e.g., pulmonary, 
thymic, or metastatic). Metastatic carcinomas 

with clear cytoplasm, such as clear cell renal cell 
carcinoma, may further mimic either yolk sac 
tumor or seminoma. The coexpression of cyto-
keratin and CD30 is characteristic of embryonal 
carcinoma, but not entirely specific. OCT4 
appears relatively specific for seminoma and 

a

c

e

d

b

Fig. 8.11 Carcinosarcoma. (a) Low-power view shows a 
biphasic neoplasm that is comprised of an epithelial (glan-
dular, squamous, and undifferentiated) and a mesenchy-
mal (malignant cartilage) component. High-power 

microscopy reveals neoplastic glands (b), focal squamous 
differentiation (c), sheets of neoplastic epithelioid cells to 
suggest undifferentiated carcinoma (d), and neoplastic 
cartilage (e). Magnification × 12.5 (a), × 200 (b–e)
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embryonal carcinoma [79–81, 112]. Markers of 
other primary carcinomas such as TTF-1 (lung) 
and gross cystic disease fluid protein-15 (breast/
salivary gland) may also be useful in this setting. 
Lung carcinomas can express AFP, beta-HCG, 
and placental lactogen [90, 113], a finding that 
should not be interpreted out of the morphologic 
and clinical context as evidence of a GCT.

Lung cancer is an important differential diag-
nosis of choriocarcinomas in the mediastinum as 
they also can produce beta-HCG. Therefore, 
expression of beta-HCG by the tumor cells or 
positive serology is not diagnostic of choriocarci-
noma in the mediastinum. FISH for isochromo-
some 12p might be helpful since the presence of 
isochromosome 12p in the tumor cells is diag-
nostic of GCT and argues against lung cancer. 
However, the lack of isochromosome 12p does 
not exclude GCT since not all GCTs harbor iso-
chromosome 12p.

8.8.9  Granulomatous Disease

In the mediastinum, granulomatous disease 
opens a rather broad differential diagnosis includ-
ing infection and sarcoidosis. Non-small cell car-
cinoma or lymphoma can also present with a 
granulomatous reaction. However, the possibility 
of a seminoma should at least be considered [77]. 
In seminoma, close examination will generally 
reveal scattered neoplastic cells typical of semi-
noma. Immunostains for OCT4 can be very help-
ful in highlighting and confirming the diagnosis 
in cases with minimal disease. Rarely, GCTs 
other than seminoma may be associated with 
abundant granulomatous inflammation.

8.8.10  Lymphoma

Lymphoma is relatively common in the mediasti-
num [77]. Although usually seen in the younger 
patient, the mediastinum can be involved by lym-
phoma in any age group. Mediastinal (thymic) 
large B-cell lymphoma, diffuse large B-cell lym-
phoma, lymphoblastic lymphoma, anaplastic 

large cell lymphoma (ALCL), and classic 
Hodgkin lymphoma may potentially mimic 
embryonal carcinoma or seminoma. Immunostains 
for cytokeratin should highlight embryonal carci-
noma, and OCT4 may be of utility as a marker of 
either embryonal carcinoma or seminoma in this 
setting. Immunostains for CD30 should not be 
used in isolation as a marker of embryonal carci-
noma because of the shared expression in a vari-
ety of lymphomas (e.g., Hodgkin lymphoma, 
ALCL, mediastinal large B-cell lymphoma) 
[114]. Nodular sclerosing classic Hodgkin lym-
phoma may mimic subtle patterns of seminoma, 
particularly on small biopsies or when associated 
granulomas are present (Fig. 8.7). The syncytial 
variant of Hodgkin lymphoma may closely 
mimic an undifferentiated carcinoma such as 
embryonal carcinoma because of the sheetlike 
growth pattern. Some hematopoietic neoplasms 
in this differential may also have either weak or 
complete absence of CD45 reactivity making 
their consideration on morphology critical. Other 
markers of hematopoietic differentiation that 
may be useful include CD34 and TdT (lympho-
blastic lymphoma), EMA and ALK-1 (ALCL), 
and CD15 and PAX-5 (classic Hodgkin 
lymphoma).

Detection of Reed-Sternberg or Hodgkin cells 
that express both CD15 and CD30 favors a diag-
nosis of Hodgkin lymphoma (Fig. 8.7). Non- 
Hodgkin lymphoma comprises sheets of 
neoplastic lymphoid cells and associated reactive 
lymphocytes and may mimic typical seminoma. 
However, neoplastic lymphoid cells usually have 
less distinct cell borders, and their cytoplasm is 
not usually abundant or optically clear as it is in 
seminoma. Negative immunoreactivity for germ 
cell markers with positive immunostaining for 
lymphoid markers in lymphoma will aid its dis-
tinction from seminoma.

8.8.11  Thymoma and Thymic 
Carcinoma

On biopsy, thymoma, most commonly WHO 
type B1 or B2, may mimic GCTs with a brisk 
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lymphocytic infiltrate, especially seminoma 
(Fig. 8.4) [77]. Type B3 thymomas are charac-
terized by sheets of epithelioid cells (Fig. 
8.12). Sometimes these cells can have more 
cytologic atypia and may mimic GCT, espe-
cially on a biopsy. In general, seminoma has a 
rim of clear cytoplasm and one or more promi-
nent nucleoli, features that might help to dis-
tinguish it from type B3 thymoma. On 
resection, thymoma should be recognized by 
its lobulated growth pattern which is usually 
not present in GCT (Figs. 8.4 and 8.12). 
Furthermore, type A and AB thymomas are 
comprised at least focally of bland- appearing 
spindle cells. Immunohistochemistry might aid 
in the diagnosis. A study of 46 PMGCTs 
including teratoma, seminoma, yolk sac tumor, 

embryonal carcinoma, and mixed GCTs (tera-
toma and yolk sac tumor; teratoma, yolk sac 
tumor, and seminoma) and 22 thymomas 
(WHO types A, AB, B1, B2, and B3) showed 
that OCT4 expression was restricted to semi-
noma, embryonal carcinomas, and mixed GCT 
with seminomatous component. No OCT4 
staining was identified in thymomas, yolk sac 
tumors, teratomas, and the mixed GCT without 
a component of seminoma [115].

Thymic carcinoma can be distinguished 
from seminoma by its often marked cytologic 
atypia (Figs. 8.13 and 8.14). Thymic carcino-
mas have a wide morphologic spectrum and 
may show a specific line of epithelial differen-
tiation (most commonly squamous differentia-
tion, Figs. 8.13 and 8.14). Only rare thymic 

a

c d

b

Fig. 8.12 Thymoma, WHO type B3. (a) On low power, a 
lobulated tumor contains cellular lobules that are sepa-
rated by fibrous bands. (b) The lobules are comprised of 
large polygonal tumor cells that are characterized by open 

nuclear chromatin and prominent nucleoli. Only occa-
sional small lymphocytes are scattered throughout the 
tumor. The neoplastic cells are positive for CK5/6 (c) and 
p40 (d). Magnification × 12.5 (a), × 400 (b–d)
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carcinomas have prominent clear cytoplasm 
which may further mimic seminoma or yolk 
sac tumors [116]. Thymic sarcomatoid carci-
nomas may closely mimic immature teratoma, 
particularly those with heterologous differen-
tiation. The malignant epithelial  component of 
thymic sarcomatoid carcinoma should allow 
distinction from teratoma in most cases. Again, 
OCT4 immunostain can be helpful to distin-
guish thymic carcinoma from seminoma and 
embryonal carcinoma. CD117, however, also 
stains many thymic carcinomas and therefore 
is not useful in its distinction from seminomas 
(Fig. 8.14e).

8.8.12  NUT Carcinoma

Nuclear protein in testis (NUT) carcinomas are 
rare, aggressive carcinomas that are most com-
monly located in the mediastinum but also other 
midline organs and regions. These tumors have a 
characteristic t(15;19). Patients are usually 
young with a median age of 16 years; however, 
more recently this tumor was also identified in 
older patients. The reported age ranges between 
0.1 and 78 years [117–122]. Morphologically, 
NUT carcinomas may mimic embryonal carci-
noma with a lymphoepithelioma-like appear-

a

c d

b

Fig. 8.13 Thymic carcinoma, squamous cell carcinoma. 
(a) The cut surface reveals a spiculated white-tan mass. (b) 
On low-power microscopy, irregular tumor cell nests are 
growing in a fibrotic background. (c) Although most tumor 
cells appear rather small with a high nuclear-to- cytoplasmic 
ratio consistent with a high-grade tumor morphology, 

some tumor cells are characterized by ample eosinophilic 
cytoplasm suggestive of squamoid differentiation. 
Necrosis is present. A desmoplastic stromal reaction is 
apparent around the tumor cell nests. The neoplastic cells 
are positive for CK5/6 further supporting squamous dif-
ferentiation. Magnification × 20 (b), × 200 (c), × 400 (d)
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ance. Although may be difficult in biopsies, the 
presence of squamous differentiation in the NUT 
carcinoma should help in the distinction from 

embryonal carcinoma, and diagnoses may be 
confirmed by NUT immunostain, FISH, or 
RT-PCR (Fig. 8.15) [123].

a

c

e f

d

b

Fig. 8.14 Thymic carcinoma, squamous cell carcinoma. 
(a) This thymic carcinoma is more cellular but also char-
acterized by cell nests growing in a fibrotic background. 
(b) On high power, the neoplastic cells are very atypical 
but have eosinophilic cytoplasm, and dyskeratotic fea-

tures are apparent. Squamous differentiation is supported 
by expression of CK5/6 (c) and p40 (d) by the neoplastic 
cells. This thymic carcinoma also expresses CD117 (e) 
and CD5 (f). Magnification × 12.5 (a), × 400 (b–f)
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a

c

e f

d

b

g

Fig. 8.15 NUT carcinoma. (a) On low power, sheets of 
neoplastic cells are intimately associated with large 
areas of necrosis. (b) The neoplastic cells are of epithe-
lioid, relatively monomorphous cytology with round to 
oval nuclei, open nuclear chromatin and prominent 
nucleoli. (c) Abrupt keratinization is apparent. The 

majority of the neoplastic cells is positive for OSCAR 
keratin (d), and subsets of neoplastic cells express p40 
(e) and/or TTF-1 (f). The neoplastic cells are diffusely 
positive for NUT exhibiting a characteristic speckled 
staining pattern (g). Magnification × 40 (a), × 400 
(b–g)
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8.8.13  Epithelioid Angiosarcoma

Angiosarcomas, when epithelioid in phenotype, 
may mimic embryonal carcinoma [124]. The 
identification of vascular lumen formation, the 
expression of vascular markers (CD31, CD34, 
Fli-1), and the absence of OCT4 reactivity should 
allow the distinction in most cases. Care should 
be taken in the interpretation of CD31 as intratu-
moral macrophages, which are typically present 
after adjuvant therapy, can show strong cytoplas-
mic reactivity [125].

8.8.14  Synovial Sarcoma

This biphasic sarcoma may occur as a primary 
mediastinal tumor [126] and could mimic imma-
ture teratoma. The spindle cell component of 
synovial sarcomas has a very distinct appearance 
with a monomorphic population of spindled cells 
arranged in tight intersecting fascicles. The glan-
dular component may be focal, but it typically 
does not demonstrate any obvious mucinous or 
squamous differentiation as is often seen in tera-
toma. TLE-1 immunostain and/or molecular con-
firmation of the synovial sarcoma specific t(X;18) 
may be helpful.

8.8.15  Malignant Mesothelioma

Malignant mesothelioma has a broad morpho-
logic spectrum that may overlap with several dif-
ferent GCTs, particularly given the shared 
expression of cytokeratin. Epithelioid mesotheli-
oma can mimic a variety of carcinomas depend-
ing on the pattern present (Fig. 8.16). The 
tubulopapillary and microcystic (adenomatoid) 
epithelioid patterns may resemble yolk sac tumor, 
whereas poorly differentiated epithelioid meso-
thelioma can mimic embryonal carcinoma. Rare 
mesotheliomas have a myxoid morphology with 
clusters and cords of epithelioid cells set in pools 
of myxoid material, a pattern that may appear 
similar to the myxoid pattern of yolk sac tumor 
[127]. Biphasic mesothelioma could potentially 
mimic an immature teratoma if the epithelial 

component has somewhat bland cytologic fea-
tures. Heterologous bone and cartilage differen-
tiation has been documented in sarcomatoid 
mesotheliomas, a feature that could be mixed up 
with teratoma [128]. Sarcomatoid mesothelioma 
might mimic sarcomatous heterologous differen-
tiation of immature teratoma. However, immu-
nostains including OCT4 and conventional 
mesothelial markers together with the clinical 
setting such as a diffuse growth of the tumor 
along serosal surfaces should allow distinction 
from a GCT in most cases.

8.8.16  Congenital Peribronchial 
Myofibroblastic Tumor

Congenital peribronchial myofibroblastic tumor 
is a proliferation of cytologically bland myofi-
broblasts in the lung of newborns that can poten-
tially mimic teratoma when bronchial epithelium 
and cartilage become entrapped [129]. This pro-
liferation can efface the lung parenchyma, but 
often involves the interstitium and peribroncho-
vascular areas. Recognition of the interstitial dis-
tribution and the entrapped nature of the epithelial 
and cartilaginous components should allow dis-
tinction from teratoma.

8.8.17  Pulmonary Hamartoma

Pulmonary hamartoma is a benign lung neoplasm 
that is composed of different mesenchymal tis-
sues with entrapped respiratory-type epithelium 
(Fig. 8.17). The mesenchymal component is typi-
cally mature hyaline cartilage, but bone, fat, and 
smooth muscle may also be present. The tumor is 
recognized by invagination of respiratory epithe-
lium into the tumor.

8.8.18  Metastatic Melanoma

Metastatic melanoma can mimic any poorly dif-
ferentiated malignant neoplasm, including 
embryonal carcinoma. Recognition of the subtle 
nesting of the neoplastic cells and verification of 
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melanocytic markers in the absence of OCT4 
expression should resolve most cases. The 
absence of a history of a cutaneous melanoma 

should not preclude this diagnosis because in 
some cases a primary lesion cannot be identified, 
possibly secondary to regression.

a

c

e

d

b

Fig. 8.16 Malignant mesothelioma, epithelioid type. (a) 
Sheets of neoplastic cells are growing in an infiltrative 
pattern invading into adipose tissue. (b) The neoplastic 
cells are round to oval and are characterized by a fair 
amount of cytoplasm and round nuclei with open chroma-

tin and conspicuous nucleoli. The neoplastic cells are 
positive for mesothelial markers including WT-1 (c), cal-
retinin (d), and CK5/6 (e) and lack staining with carci-
noma markers such as pCEA, MOC-31, and TTF-1 (not 
shown). Magnification × 12.5 (a), 400 (b–e)
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8.9  Staging of Mediastinal Germ 
Cell Tumors

Clinical and pathologic staging is very important 
in the prognosis of PMGCTs. Unfortunately, 
there is not an officially recognized UICC-TNM 
staging protocol for PMGCTs. The WHO recom-
mends using a modification of the AJCC TNM 
staging of soft tissue tumors [67].

In 1997, Moran and Suster [68] examined 322 
cases of PMGCT and proposed a staging system 
specifically for these tumors based on the clinical 
outcome of their cases (see Table 8.6). The 
author’s recommendation was to treat tumors that 
are confined to the mediastinum without infiltra-
tion of adjacent structures (stage I) conserva-
tively, with surgery alone or with surgery, and an 

added modality based on the histology of the 
tumor. Lesions of advanced stage (II or III) would 
require more aggressive treatment with curative 
intent, whereas palliative treatment was the 
choice in tumors with extrathoracic metastasis. 
This staging approach correlated well with the 
clinical outcome of the patients in that study.

Staging of pediatric extragonadal GCT is 
summarized in Table 8.7.

8.10  Outcome of Mediastinal 
Germ Cell Tumors

The 5-year relative survival of patients with medi-
astinal GCTs is 58 % according to SEER regis-
tries [13]. The prognosis depends on the histologic 

a

c d

b

Fig. 8.17 Pulmonary hamartoma: (a) A well- 
circumscribed nodule is predominantly comprised of hya-
line cartilage with focal calcification. Adipose tissue is also 
present (arrow). (b) Respiratory epithelium invaginates 

into the nodule. (c) This hamartoma is predominantly com-
prised of bland fibrovascular stroma with focal adipose tis-
sue. (d) Bland cuboidal epithelial cells invaginate into the 
nodule. Magnifications × 12.5 (a), 200 (b), 40 (c), 100 (d)
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subtype with pure mediastinal seminomas having 
a much better outcome than tumors with a non-
seminomatous component.

Mediastinal seminomas respond favorably to 
radiation therapy and/or cisplatin-based chemo-
therapy [130]. For instance, patients with medi-
astinal seminomas treated with cisplatin-based 
combination chemotherapy have a 5-year sur-
vival of 90–100 % and an overall survival of 
88–90 % [41, 130–132]. In mediastinal semino-
mas, factors that have been suggested to be asso-
ciated with greater rate of progression include 
patient’s age over 35 years, presentation with 
fever, SVC syndrome, supraclavicular or cervical 
adenopathy, and radiologic evidence of hilar dis-
ease [30]. The most important feature to predict 

outcome is whether the patient has disease lim-
ited to the mediastinum or has widespread dis-
ease to adjacent organs of the thoracic cavity or 
outside of the thorax. Metastasis to the liver or 
other non-pulmonary visceral metastases and 
metastases to two or more sites are poor prognos-
tic factors [130]. Recurrences have been reported 
after many years of remission [133]. A correla-
tion between aggressive behavior and any clini-
cal or histopathologic features has not been 
identified in mediastinal seminomas [51].

The outcome for primary mediastinal imma-
ture teratoma and nonteratomatous GCTs is 
worse than for their gonadal counterpart. 
Mediastinal non-seminomatous GCT have only a 
40–50 % overall survival after platinum-based 
chemotherapy and surgery [134–136] and a 
5-year survival rate of 48 %, according to the 
International Germ Cell Cancer Collaborative 
Group consensus classification [134].

If there is metastatic disease to the lung, liver, 
or supraclavicular lymph nodes, the overall sur-
vival drops to 25 %. Patients who relapse after 
initial cisplatin-based chemotherapy have an 
extreme dismal outcome with an overall survival 
of only 10 %. Surgical resection of residual 
 disease after chemotherapy shows residual viable 
tumor in 30–47 % of patients [137, 138]. Factors 
that contribute to inferior survival include an 
overall poorer response to chemotherapy and 
higher incidence of degenerative non-germ cell 
cancer pathology in the residual mass [139]. Age 
≥12 years is also suggested as an adverse prog-
nostic factor [77].

Outcomes of these patients are improving 
with preoperative cisplatin-based combination 
chemotherapy strategies [130–132, 140]. With 
neoadjuvant chemotherapy, good prognostic fac-
tors include completeness of resection, less than 
10 % viable tumor cells, and low-risk group as 
defined by the International Germ Cell Consensus 
Classification Group [134].

Primary mediastinal choriocarcinomas have a 
much worse prognosis than other histologic sub-
types because of hematogenous dissemination at 
the time of diagnosis [141]. However, under cur-
rent chemotherapeutic regimens, the prognosis of 
choriocarcinomas has improved [69].

Table 8.6 Clinical staging of mediastinal germ cell 
tumors as proposed by Moran and Suster

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 II Tumor confined to the mediastinum with 
macroscopic and/or microscopic evidence 
of infiltration into adjacent structures (i.e., 
pleura pericardium and great vessels)

Stage III
  A
  B

Tumor with metastases
Metastases to intrathoracic organs (lymph 
nodes, lung, etc.)
Extrathoracic metastases

From Moran et al. [68], with permission

Table 8.7 Staging of pediatric extragonadal extracranial 
GCT as defined by the Children’s Oncology Group (COG) 
[189]

Stage Characteristic

I Localized disease; complete resection with no 
microscopic disease at margins or in regional 
lymph nodes. Tumor markers must normalize in 
appropriate half-life after resection. Complete 
coccygectomy for sacrococcygeal site

II Microscopic residual disease, capsular 
invasion, and/or microscopic lymph node 
involvement. Tumor markers fail to normalize 
or increase

III Gross residual disease and gross lymph node 
involvement (>2 cm)

IV Distant metastases, including the liver, brain, 
bone, or lung
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Embryonal carcinomas and yolk sac tumors, 
whether pure or in association with any other 
components (seminoma or teratoma), have a sim-
ilar outcome and are generally regarded as poor 
prognostic findings.

As in congenital teratomas, the prognosis of 
PMGCTs in children is significantly affected by 
tumor stage and completeness of surgical exci-
sion [142].

Epidemiologic studies have shown that 
patients with PMGCTs have an increased risk for 
death related to hematopoietic malignancies and 
cardiovascular disorders, but no significant dif-
ference in risk of dying from solid cancers com-
pared to patients with gonadal GCTs was 
identified [12]. In fact 6 % of primary mediastinal 
non-seminomatous GCT develop hematologic 
malignancies, the most common being acute 
megakaryoblastic leukemia (AML-M7) and 
myeloblastic syndromes [143]. These hemato-
poietic tumors may involve the PMGCT or be 
completely extramediastinal. A pathogenetic 
hypothesis is that hematopoietic stem cells arise 
in the yolk sac [144]. Another hypothesis is that a 
teratoma containing all three germ layers with 
varying degrees of differentiation undergoes 
malignant transformation to leukemia in the bone 
marrow. Interestingly, cytogenetic analysis of 
bone marrow aspirates reveals i(12p) in 38 % of 
patients [145], a cytogenetic abnormality that is 
commonly seen in PMGCT, indicating a possible 
common biologic pathway. GCT-associated 
acute leukemias are an ominous finding as they 
are typically refractory to current treatment 
modalities with a reported survival of less than 
2 years in all reported patients. The main differ-
ential diagnostic consideration in this setting is a 
therapy-related myelodysplastic syndrome or 
acute leukemia following etoposide administra-
tion [143]. Therapy-related diseases can be dis-
tinguished by their occurrence later in the course 
(25–60 months), the absence of i(12p), and the 
possible presence of an etoposide-related translo-
cation such as 11q23 [146–148].

The “growing teratoma syndrome” [139] 
defines a mediastinal mass that is growing sub-
sequently to neoadjuvant therapy and is associ-
ated with secondary cardiopulmonary 

deterioration precluding safe completion of 
planned chemotherapy in the presence of declin-
ing serum tumor markers. The term was first 
coined by Logothetis and colleagues [149] who 
reported patients with non-seminomatous tes-
ticular cancer and growing retroperitoneal or 
lung masses during observation after chemo-
therapy. In the mediastinum, five (of 188) 
patients who underwent postchemotherapy sur-
gery for primary mediastinal non- seminomatous 
GCT were identified [139]. These five men had 
an average age of 25.8 years (range, 
20–33 years). All patients presented at the time 
of diagnosis with a large symptomatic anterior 
mediastinal mass and elevated AFP at an aver-
age of 9137 ng/mL (range, 791–36,000 ng/mL). 
HCG was elevated in three patients with a mean 
of 206 mIU/mL (range, 8–350 mIU/mL). CT 
revealed evidence of metastatic disease (lung) in 
one patient at the time of diagnosis, with the 
remaining patients presenting with disease iso-
lated to the mediastinum. Prechemotherapy 
biopsies demonstrated mature teratoma in only 
two patients despite elevated AFP, mature tera-
toma and foci of non-seminomatous germ cell 
tumor in two patients and one patient with 
immature teratoma and foci of non-seminoma-
tous GCT. Three patients had normalized serum 
tumor markers, and two patients demonstrated 
rapid serum tumor marker decline before sur-
gery. All five patients underwent complete sur-
gical resection of the mediastinal mass with 
tumor-free margins. The two patients who had 
not normalized but demonstrated rapid serum 
tumor marker decline at the time of surgery had 
normalized tumor markers by the time of hospi-
tal discharge. Surgical pathology of the medias-
tinal mass demonstrated mature teratoma only 
and mature teratoma with focal immaturity in 
one patient each. Pathology was mixed in the 
other three patients with predominately mature 
teratoma and focal yolk sac tumor (n = 1), non-
GCT (angiosarcoma, n = 1), and a combination 
of yolk sac and non-GCT (angiosarcoma, n = 1). 
One patient died of respiratory failure postop-
eratively. Three of the 4 surviving patients 
received cisplatin-based chemotherapy after 
recovery to complete four cycles. Two patients 

8 Mediastinal Germ Cell Tumors



358

are alive and well 13 and 15 years after initial 
surgery; however, both have required further 
resection of metastases during follow-up. The 
other two patients died of metastatic non- GCT 
after 20 and 26 months.
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Central Nervous System Germ Cell 
Tumors

M. Adelita Vizcaino and Fausto J. Rodriguez

9.1  Introduction

Germ cell tumors (GCT) of the central nervous 
system (CNS) have a predilection for midline 
locations (particularly pineal and pituitary 
glands), affect mostly children and young adults, 
and show clinical and histological similarities to 
their more common counterparts arising in the 
gonads [1–3]. They are second to the mediasti-
num in frequency of extragonadal GCT and may 
in fact be among the most curable primary brain 
tumors [4, 5]. Optimal management of these neo-
plasms involves a multidisciplinary approach, in 
view of the complexities of surgery, availability 
of markers for diagnosis, response to both che-
motherapy and radiotherapy, and possible com-
plications secondary to treatment [2, 6]. In this 
chapter we discuss the clinical and pathologic 
features of GCT with a focus on properties spe-
cific to the CNS.

9.2  Epidemiology

GCT arising in the CNS are relatively rare, repre-
senting approximately 1 % of all malignant CNS 
tumors [7]. In East Asia, including Japan and 
South Korea, the incidence traditionally has been 
thought to be higher, reported to comprise 2.1–
14 % of all primary intracranial neoplasms, with 
Asian races associated with a higher rate of CNS 
GCT than other races [8, 9]. However, a recent 
analysis of four tumor registries from Japan and 
the USA showed no statistical differences 
between both populations; incidences by ana-
tomic site and gender found in the USA were 
similar to those observed in the Japanese popula-
tion [4].

CNS GCT mainly affect the young, with up to 
90 % of the cases developing before the age of 
20, and a peak incidence in teenagers [3, 5]. 
Males are more likely to develop intracranial 
germ cell tumors, particularly for those located in 
the pineal region [4, 10]. Conversely, the inci-
dence rate of pituitary GCT is slightly higher for 
females than males [4, 6].

A link has been described between GCT and 
specific genetic disorders associated with chro-
mosomal abnormalities, such as Down and 
Klinefelter syndromes. In fact, GCT are the most 
common brain neoplasms among these patients 
[2, 11]. It is known that Down syndrome is asso-
ciated with lower frequencies of solid cancers, 
but interestingly, half of the CNS neoplasms aris-
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ing in this syndrome are GCT [12, 13]. Recent 
reports indicate that patients with Klinefelter 
syndrome have an increased relative risk for the 
development of malignant extragonadal GCT, 
supporting that sex chromosome aneuploidies 
participate in germ cell tumorigenesis [14].

9.3  Classification

Under the current WHO classification of tumors of 
the CNS, five histopathological subtypes of intra-
cranial germ cell tumors are recognized: germi-
noma, embryonal carcinoma, teratoma, yolk sac 
tumor, and choriocarcinoma (Table 9.1) [15]. 
Nonetheless, due to the excellent response to ther-
apy and prognosis of the germinoma group, germ 
cell tumors are broadly grouped into two main cat-
egories: pure germinomas and non- germinomatous 
germ cell tumors (NGGCT) [9, 16, 17].

Other proposed classification systems separate 
histologic variants into different therapeutic 
groups based on their prognosis. Indeed, the 
Japanese Pediatric Brain Tumor Study Group 
divided GCT into three prognostic groups accord-
ing to the histological subtypes: good (pure germi-
noma, mature teratoma), intermediate (germinoma 
with elevated levels of β-HCG, extensive or multi-
focal germinoma, immature teratoma, mixed 
tumors composed mainly of germinoma or tera-
toma), and poor (choriocarcinoma, yolk sac tumor, 
embryonal carcinoma, and mixed tumors com-
posed mainly of non- germinomatous components) 
(Table 9.2) [1, 18–20].

9.4  Location

Primary CNS GCT are usually midline-located 
tumors. Most affect the pineal, neurohypophysis, or 
suprasellar region and to a lesser extent, the basal 
ganglia [21–23]. Metastatic cases account for a 
minority. All these structures are situated around the 
third ventricle, overlying the hypothalamus. 
Although rare, dissemination along ventricular 
walls can be seen at initial presentation [2, 3, 24].

Between 5 and 10 % of intracranial GCT 
present as bifocal lesions or with simultaneous 
involvement of pineal gland and neurohypoph-
ysis, most of which are germinomas [1, 5, 10, 
18]. This presentation is still a curious but 
unexplained phenomenon [25]. Some authors 
assume that metastatic spread is more likely 
than simultaneous development based on the 
demographic data and the high ventricular 
seeding rate [24, 26]. However, bifocal tumors 
without evidence of dissemination on spinal 
magnetic resonance imaging (MRI) and nega-
tive cerebrospinal fluid (CSF) cytology, as well 
as tumor markers, are often considered locore-
gional disease rather than metastatic [27].

Other anatomic areas that may be involved less 
frequently include cerebral hemispheres, lateral 
ventricles [28], thalamus [18], corpus callosum, 

Table 9.2 Therapeutic classification of GCT by the 
Japanese Pediatric Brain Tumor Study Group [44]

Best prognosis

1. Germinoma

2. Mature teratoma

Intermediate prognosis

1. Germinoma with syncytiotrophoblast

2. Teratoma

  Immature

  With malignant transformation

3. Mixed GCT with predominant germinoma and/or 
teratoma

Poor prognosis

1. Choriocarcinoma

2. Yolk sac tumor

3. Embryonal carcinoma

4. Mixed GCT with predominant choriocarcinoma, 
yolk sac tumor, and/or embryonal carcinoma

Table 9.1 WHO classification of primary CNS germ cell 
tumors [43]

Germinoma

Embryonal carcinoma

Yolk sac tumor

Choriocarcinoma

Teratoma

  Immature

  Mature

  With malignant transformation

Mixed germ cell
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cerebellopontine angle, cerebellum, optic path-
way [29], and medulla oblongata [1].

9.4.1  Clinical Features

Intracranial GCT may present in an insidious 
manner, and many patients show a long symp-
tomatic period before definite diagnosis [23, 
24]. Symptoms in patients with intracranial 
GCT include headache, nausea and vomiting, 
polyuria and/or polydipsia, visual disturbances, 
fatigue, weight loss or poor growth, and preco-
cious puberty. The initial clinical presentation 
varies according to patient’s age, tumor loca-
tion, and size. Pineal GCT usually manifest with 
signs of increased intracranial pressure/CSF 
obstruction (headache, nausea, vomiting, and 
papilledema) and often require shunting. 
Somnolence is seen in up to half of patients and 
ataxia, seizures, and behavioral changes in a 
subset. Endocrinopathies and disturbances in 
sexual development such as precocious puberty 
in patients with isolated pineal region tumors 
are less common [17, 18]. The cause of preco-
cious puberty in pineal GCT is only partially 
understood. Interestingly, choriocarcinomas are 
more likely to present with precocious puberty 
than any other type of GCT [10, 24].

Conversely, suprasellar tumors usually pres-
ent with an endocrinopathy, such as central dia-
betes insipidus, hypopituitarism, hypothyroidism, 
adrenal insufficiency, precocious puberty, 
delayed sexual development, or retarded growth. 
Patients rarely present with signs of increased 
intracranial pressure. Ophthalmic symptoms are 
quite common in all patients. Pineal region 
tumors usually cause photosensitivity or diplo-
pia, with up to a third of patients having a com-
ponent of Parinaud syndrome (impaired upward 
gaze, convergence nystagmus, and impaired 
papillary response). A subset of patients with 
suprasellar tumors develop visual changes due to 
tumor entrapment of the optic nerve or chiasm 
[1, 17]. In patients with GCT of the basal gan-
glia, progressive hemiparesis is also a common 
complaint [23, 24]. A sudden onset of intracra-

nial bleeding is often an initial, dramatic presen-
tation of choriocarcinoma.

9.4.2  Neuroimaging

Germinomas usually appear as masses with rela-
tively uniform density (or signal intensity) except 
for variable intratumoral cysts. They show 
increase density on computed tomography (CT) 
scans, with a somewhat blurred border. Pineal 
calcification, uncommon in children less than 
10 years of age, is a useful clue to the diagnosis 
of a GCT [10]. On MRI, germinoma appears as a 
well-defined mass with slightly low signal inten-
sity on T1-weighted images and high intensity on 
T2-weighted images. Pineal teratomas appear as 
heterogeneous well-demarcated masses with 
occasional calcifications, irregular cysts, or fatty 
tissue and thus are identifiable on both CT and 
MRI. Differentiation from pineal parenchymal 
tumors is not always easy [1]. Pituitary GCT may 
affect the neurohypophysis exclusively or extend 
into the intrasellar region. Signal characteristics 
are quite similar to those of pineal tumors. Loss 
of the posterior pituitary “bright spot” is useful in 
the assessment and monitoring of suprasellar 
germinoma.

For pineal lesions, the main differential diag-
noses are pineal parenchymal tumors and low- 
grade gliomas. For sellar GCT, differential 
diagnoses are craniopharyngioma, Langerhans 
cell histiocytosis, hypophysitis, sarcoidosis, and 
low-grade gliomas [1, 2].

9.4.3  Tumor Biomarkers

Currently, stereotactic or endoscopic biopsy is 
the gold standard for diagnosing CNS 
GCT. However, some NGGCT produce tumor 
markers that are helpful to identify the histologi-
cal subtype, such as alpha-fetoprotein (AFP) and 
beta-subunit human chorionic gonadotropin 
(β-HCG). These secreted markers can be mea-
sured both in serum and CSF [1, 3, 5, 18]. Even 
when the role of ventricular CSF oncoprotein 
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assays is evolving; lumbar CSF remains the most 
useful and reliable source of fluid for clinical 
guidance in the diagnosis, management, and 
tumor response of CNS GCT, since it is more 
sensitive than radiologic changes [30].

Any detectable elevation of AFP (serum 
>5–10 ng/dL; CSF >2–5 ng/dL) or marked CSF 
elevation of β-HCG (typically more than 100–
200 IU) may be considered diagnostic of NGGCT 
without histologic confirmation [5]. Germinomas 
with syncytiotrophoblastic giant cells also pro-
duce hCG, but the CSF titer is lower than that of 
choriocarcinoma in most cases. Mixed GCT, 
according to the histological elements they con-
tain, produce variable amounts of tumor markers 
[1, 5]. sKIT, a soluble form of the c-KIT has been 
proposed as a useful tumor marker for CNS ger-
minomas, since the levels in this tumor are sig-
nificantly higher, and its CSF concentration is 
particularly increased in patients with subarach-
noid dissemination.

9.5  Diagnostic Pathology

Except in cases where tumor markers are unequiv-
ocally elevated in CSF and/or serum, histologic 
confirmation is necessary for diagnosis of CNS 
GCT [5]. It must be emphasized that GCT often 
have mixed histologic subtypes, and consequently, 
the description of different components and rela-
tive amount is recommended in pathology reports.

9.5.1  Germinoma

Pure germinomas account for most CNS GCT 
and are histologically identical to their gonadal 
counterparts of seminoma (testes) and dysgermi-
noma (ovaries). They are composed of large, 
undifferentiated cells arranged in monomorphous 
sheets, nests, or lobules outlined by thin fibrovas-
cular septa. Germinoma cells have an abundant 
clear cytoplasm due to glycogen accumulation, as 
well as round, vesicular, and centrally positioned 

nuclei with prominent, squared, or rectangular- 
shaped nucleoli (Figs. 9.1 and 9.2). These cyto-
logical features are retained in lumbar or 
ventricular CSF samples. Mitoses are easily iden-
tified and may be conspicuous, but necrosis is 
infrequent. Strands of connective tissue variably 
infiltrated by non neoplastic lymphocytes are 
common. However, some germinomas show an 
extensive lymphoplasmacytic reaction or granulo-
matous response. A subset of germinomas may 
contain variable amounts of syncytiotrophoblastic 
giant cells which express β-HCG, human placen-
tal lactogen (hPL), and cytokeratins. Germinomas 
with syncytiotrophoblastic elements are not as 
aggressive as choriocarcinomas and therefore 
should not be confused (Fig. 9.3). Nonetheless, 
they seem to have a higher recurrence rate follow-
ing radiation therapy than germinomas without 
these cells [5].

The most consistent immunohistochemical 
pattern in germinomas includes a strong nuclear 
labeling for SALL4 [31] and OCT4 [32], cell 
membrane staining for CD117 (KIT), and mem-
brane/cytoplasmic positivity for PLAP (See 
Chap. 4). Some markers await validation, for 
example, HESRG [33].

9.5.2  Non-germinomatous Germ 
Cell Tumors

NGGCT comprise a unique group of neoplasms 
displaying several forms of differentiation. They 
include pure or mixed populations of teratoma, 
embryonal carcinoma, yolk sac tumor, and cho-
riocarcinoma [5, 34].

9.5.3  Embryonal Carcinoma

Embryonal carcinomas are composed of large, 
mitotically active cells that proliferate in cohe-
sive nests and sheets, sometimes forming papil-
lae or irregular gland-like spaces, and frequent 
areas of coagulative necrosis (Fig. 9.4). Tumor 
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cells show enlarged, irregular nuclei with promi-
nent nucleoli, as well as abundant, clear cyto-
plasm, the latter being strongly and diffusely 

positive for cytokeratins and for CD30. They also 
share immunoreactivity for PLAP and OCT4 
with germinomas, but KIT is negative [18].

a b

c

e f

d

Fig. 9.1 Germinoma of the pineal region. The pineal 
region is a frequent anatomic site for germinoma which 
forms contrast enhancing masses on MRI (arrow) (a). The 
cytologic features of germinoma include the presence of 
discohesive cells with large nuclei and squared nucleoli 
(b). Abundant pale cytoplasm is usually evident on histo-

logic sections (c). A variable amount of associated chronic 
inflammation is usual (d). On occasion associated granu-
lomatous inflammation may be conspicuous as in other 
anatomic sites (e). Strong immunolabeling with PLAP is 
typical (f)
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9.5.4  Yolk Sac Tumor

Yolk sac/endodermal sinus tumors are composed 
of primitive epithelial cells in a myxoid matrix 
resembling extraembryonic mesoblast. Epithelial 
elements may demonstrate several growth 
 patterns but are more commonly arranged about 
an intervening meshwork of irregular tissue 
spaces (reticular pattern) (Fig. 9.5). Infrequently, 
cuboidal yolk sac tumor cells line delicate fibro-
vascular projections to form distinctive papillae 
known as Schiller-Duval bodies [18]. A diagnos-
tic feature that is not always seen is the presence 
of brightly eosinophilic, PAS-positive/diastase- 
resistant hyaline globules within the cytoplasm of 
tumor cells or in the stroma. Mitotic activity var-
ies considerably, but necrosis is uncommon. AFP, 
SALL4, and Glypican-3 immunoreactivity is 

characteristic. Conversely, yolk sac tumors are 
negative for KIT and OCT 4.

9.5.5  Teratoma

Teratomas differentiate along ectodermal, 
mesodermal, and/or endodermal lines, usually 
with tissues representing all three germ cell lay-
ers. They are classically divided into mature, 
immature, and teratoma with malignant trans-
formation. Distinction may be therapeutically 
relevant [18].

Mature teratomas are exclusively composed of 
differentiated “adult-like” tissue elements repre-
senting ectoderm, mesoderm, and endoderm, with 
scant or absent mitotic activity. The most com-
mon ectodermal components identified include 

a b

c d

Fig. 9.2 Germinoma involving the midbrain. On occa-
sion germinomas may involve the midbrain in a more dif-
fuse form or a in a multinodular fashion, which may cause 
diagnostic confusion (a). Mitotic activity and apoptosis 

are frequent in germinomas (b). Additional immunohisto-
chemical features of germinoma include OCT4 (c) and 
KIT expression (d)
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skin with appendages and brain, while mesoder-
mal constituents include the cartilage, bone, fat, 
and muscle (Fig. 9.6). Cysts lined by respiratory 
or enteric epithelia are usually the endodermal 

elements, with some lesions also containing pan-
creatic or hepatic tissue [18]. Immature teratomas 
contain incompletely differentiated elements that 
resemble fetal tissue. Teratomas are classified as 

a

c d

b

Fig. 9.3 Syncytiotrophoblast giant cells in germinoma. 
A subset of germinomas contain variable numbers of 
syncytiotrophoblast- like giant cells (a, b) which may be 

associated with B-HCG elevations. Cytokeratin (c) and 
B-HCG (d) expression may be detected by 
immunohistochemistry

a b

Fig. 9.4 Embryonal carcinoma. Embryonal carcinomas are characterized by the presence of large cells with significant 
cytologic atypia, pseudopapillae (a), as well as necrosis (b)
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immature even if only a minority is composed of 
these less differentiated tissues, and mitotic activ-
ity is evident. Hypercellular and mitotically active 
stroma, reminiscent of embryonic mesenchyme, 
and  primitive neuroectoderm mimicking neuro-
epithelial structures and developing neural tube 

are particularly common (Fig. 9.7). Clefts lined 
by melanotic neuroepithelium, representing abor-
tive retinal differentiation, may also be encoun-
tered. The differential diagnosis of the latter 
involves the enigmatic pineal anlage tumor (Fig. 
9.8). Teratoma with malignant transformation 

a

d

g h i

e f

b c

Fig. 9.5 Non-germinomatous germ cell tumor (NGGCT) 
with immature teratoma and yolk sac components. NGGCT 
can present as large suprasellar masses on imaging (a). An 
immature teratoma component was characterized by the 
presence of cartilage (b) and neuroepithelium (c). A domi-

nant yolk sac component was characterized by tubules (d), 
hyaline droplets (e), and pleomorphic giant cells (f), a find-
ing recognized in gonadal examples. Immunohistochemical 
stains demonstrated the yolk sac component to express 
AFP (g), glypican-3 (h), and SALL4 (i)
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refers to teratomas  containing a conventional 
somatic cancer. Rhabdomyosarcoma, undifferen-
tiated sarcoma, squamous cell carcinoma, or ade-
nocarcinoma are the most frequent (see also 
chapter 12).

9.5.6  Choriocarcinoma

Choriocarcinomas are characterized by  
trophoblastic differentiation. Identification  
of both  cytotrophoblastic elements and  

a b

c

e f

d

Fig. 9.6 Intracranial mature teratoma. This mature tera-
toma formed a large heterogeneous mass in the skull base 
(T1-weighted MRI post-contrast) (a). Well-differentiated 
squamous epithelium is a feature of most teratomas (b). 

Mesenchymal tissues, including skeletal muscle (c) as well 
as adnexal glands (d), are variably present in these tumors. 
Epidermoid cyst-like structure (e) and pigmented epithe-
lium (f) in a mature teratoma of the pineal gland
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syncytiotrophoblastic giant cells is required 
for diagnosis (Fig. 9.9). The latter typically 
have abundant, basophilic cytoplasm and 
contain multiple, hyperchromatic nuclei. The 
neoplastic syncytiotrophoblast surrounds 
or partially drapes cohesive masses of large 
mononucleated cells with vesicular nuclei and 

clear or acidophilic cytoplasm, which repre-
sent the cytotrophoblastic component. Ectatic 
stromal vascular channels, blood lakes, and 
extensive hemorrhagic necrosis are typical. 
Immunoreactivity for β–HGC and HPL in the 
cytoplasm of syncytiotrophoblastic giant cells 
is characteristic.

a

c

e f

d

b

Fig. 9.7 Immature teratoma of the pineal gland. This 
immature teratoma presented as a large pineal region mass 
(T2-weighted MRI) (a). This tumor contained glandular 
epithelium in a cellular stroma (b), neuroepithelium (c) 

and nodules of neuronal differentiation (d), neural tube- 
like structures (e), as well as mesenchymal elements such 
as cartilage and bone (f) which are frequent in these 
tumors
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9.6  Staging

GCT, especially germinomas, tend to dissemi-
nate throughout the neuroaxis [10]; thus, com-
plete CNS staging is necessary in these 
neoplasms. All patients with a suspected CNS 
GCT require an extensive metastatic evaluation 
including brain and spine MRI with gadolinium, 
measurement of AFP and HCG levels in both 
serum and CSF, CSF cytology, and evaluation of 
pituitary and hypothalamic function. Visual field 
examinations for suprasellar or hypothalamic 
tumors and baseline neuropsychologic examina-
tions are also recommended [18].

Although there is no specific staging system 
which has been uniformly accepted for primary 
CNS GCT, the TM system for medulloblasto-
mas has been applied [5]. M0 are those tumors 

without evidence of metastatic disease (MRI of 
brain and spine + CSF cytological examination). 
M1 are those with free-floating tumor cells. M2 
and M3 patients are those with lump disease in 
the spine or subarachnoid space intracranially 
[10].

9.7  Molecular Pathology

Activating mutations in KIT and a few chromo-
somal abnormalities have been reported in pure 
germinomas. However, the biology and molecu-
lar mechanisms of intracranial GCT, as well as 
the impact on patients’ survival are still unestab-
lished [3, 16, 35, 36]. The KIT protein is acti-
vated by dimerization upon binding of its known 
ligand, stem cell factor (SCF), which plays a role 

a

c d

b

Fig. 9.8 Pineal anlage tumor. Anastomosing epithelial 
cords are frequent in the pineal anlage tumor. A clue to the 
diagnosis is the variable pigmentation (a). Neuronal dif-
ferentiation usually takes the form of nodules reminiscent 
of those found in medulloblastoma (b). Cartilage as a 

mesenchymal component is another frequent feature (c). 
Pigmented epithelium is the hallmark of the pineal anlage 
tumor (d) and usually separates it from immature tera-
toma, the main entity in the differential diagnosis
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in cell proliferation and differentiation through 
several signaling pathways. KIT mutations found 
in tumors are gain of function, resulting in consti-
tutive KIT activation [37]. Fukushima et al. 
reported a high frequency of mutually exclusive 
KIT and RAS mutations in pure CNS germinomas 
as they are in the testes [16] and are also associ-
ated with increased KIT expression and chromo-
somal instability. The most common cytogenetic 
aberrations in this study were gains of 21q and X, 
followed by gains of 1q and 12p. Chromosomal 
loses were less frequent. Unlike testicular GCT, 
isochromosome 12p does not appear to be a fre-
quent event in CNS GCT [16, 38–41].

More recently, Wang et al. studied 62 intra-
cranial GCT by next-generation sequencing, as 
well as SNP and expression arrays. The main 
finding was that 53 % of CNS GCT contained 
somatic mutations in at least one of the genes 
involved in KIT/RAS or AKT/mTOR pathways 

[36]. The KIT/RAS signaling pathway was 
mutated in more than 50 % intracranial GCT, 
including somatic mutations in KIT, KRAS, and 
NRAS (downstream KIT mediators) and CBL 
(known negative regulator). When looking at 
histologic subtypes, KIT was mutated in 16 CNS 
GCT, but not in NGGCT. Additionally, KIT was 
overexpressed in the majority of pure germino-
mas but rarely in NGGCT. As in the study by 
Fukushima et al., KRAS/NRAS and KIT muta-
tions were mutually exclusive genetic events in 
these tumors. CBL, encoding a RING finger 
ubiquitin E3 ligase, was the third most frequently 
mutated gene in CNS GCT. Somatic alterations 
in the AKT/mTOR pathway included copy num-
ber gains of the AKT- 1 locus at 14q32.33, with 
associated overexpression. Finally, this study 
identified somatic mutations in BCORL1, MTOR, 
TP53, SPTA1, KDM2A, and LAMA4, as well as 
germline mutations in CDK5RAP2, JMJD1C, 

a

c d

b

Fig. 9.9 Choriocarcinoma of the pineal gland. 
Intracranial choriocarcinomas are rare but usually involve 
the typical sites such as the pineal gland (a). Extensive 

hemorrhage may be a feature (b). An admixture of cyto-
trophoblast and syncytiotrophoblast is diagnostic (c, d)
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USP35, and PCDH15. Of interest, JMJD1C 
functions as a chromatin modifier gene and 
appears to have a role in germinal tissue devel-
opment [36].

In another study using SNP arrays, Therashima 
et al. identified 8q13.2 gains containing the 
PRDM14 gene. PRDM14 is a transcriptional reg-
ulator of primordial germ cells (PGCs) and has 
been found to be overexpressed in other cancers, 
suggesting that it may be important in the biology 
of intracranial GCT [3].

9.7.1  Prognosis

The prognosis of intracranial GCT depends 
strongly on the histologic subtype. In general, 
germinomas have an excellent prognosis, with 
most series suggesting 5-year progression-free 
survival (PFS) rates and even cure in over 90 % of 
patients. Germinomas with syncytiotrophoblastic 
giant cells may carry a less favorable prognosis 
than pure germinomas, although this has not been 
consistent in all series [25]. In contrast, NGGCT, 
including mixed GCT, have a poorer prognosis, 
with reported survival rates ranging between 40 
and 70% [10]. Among NGGCT, mature teratomas 
have the best prognosis. Elevated markers in 
serum and/or CSF also have an effect in prognosis 
at the time of diagnosis. In particular, the presence 
of residual disease at the end of treatment and 
high AFP levels (>1000 ng/mL) at diagnosis are 
significant predictors of recurrence [2, 5].

9.8  Treatment

All CNS GCT but mature teratomas are consid-
ered malignant neoplasms and are therefore not 
surgically curable tumors. Historically, morbidity 
associated with surgical resection was common, 
and shunt placement was usually performed fol-
lowed by radiation therapy [1]. At the present 
time, neurosurgery is required for tissue sam-
pling, tumor cytoreduction, and/or treatment of 
symptoms and signs, particularly hydrocephalus. 
Even when anatomic location of most CNS GCT 
represent surgical challenges, surgery at the 

moment is relatively safe with approaches involv-
ing microsurgical dissection and endoscopy. The 
role of surgical resections, both total and subto-
tal, is unclear in pure germinomas but is thought 
to be of benefit for disease control in NGGCT 
and may be curative for mature teratomas [3, 5].

Although standard management of CNS GCT 
remains unsettled, approaches typically involve a 
combination of surgery, chemotherapy, and radio-
therapy to prevent tumor dissemination [42]. The 
specific components of these therapies vary accord-
ing to the clinical diagnostic category, particularly 
between pure germinoma and NGGCT [5, 30].
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Pediatric Germ Cell Tumors
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Germ cell tumors (GCT) are relatively rare in the 
pediatric age group, representing only 1–3 % of 
childhood tumors [1]. Pediatric GCT comprise a 
remarkably diverse group, with significant vari-
ability in age and site of presentation, clinical 
behavior, and histology [2–4]. Although they 
share a common origin from progenitor germ 
cells, markedly different types of GCT may 
develop due to variations from normal differen-
tiation (i.e., gonadal GCT) and/or aberrant migra-
tion (i.e., extragonadal GCT), most commonly 
occurring in midline locations (mediastinal, ret-
roperitoneal, sacrococcygeal, genital, or cranial) 

[1, 5–7]. Most correspond to types 0 and I of 
Oosterhuis and Looijenga’s classification (see 
Chap. 3).

10.1  Epidemiology

GCT may occur at any age; however, a bimodal 
age distribution is more commonly observed, 
with a first peak between birth and 4 years of age 
(pediatric GCT proper), and a second one begin-
ning with the onset of puberty and continuing 
through the third and fourth decades [2, 3, 6, 8]. 
In children, extragonadal sites predominate, 
accounting for 50 % of cases, compared with 
adults in whom only 10 % are extragonadal [1].

The majority of pediatric GCT (type I GCT) 
are benign, with mature teratomas being the most 
common [9–11]. Approximately 20 % of pediat-
ric GCT are malignant, representing approxi-
mately 3 % of all pediatric cancers [3, 12], 
although the rate of malignancy varies by age of 
presentation and anatomical site [1, 12, 13]. The 
majority of malignant GCT in children are yolk 
sac tumors (YST) [4, 6].

GCT are the most common neoplasm in the 
newborn accounting for 35–40 % of all tumors in 
the first month of life [4, 6]. Most GCT in the fetal 
and neonatal periods are teratomas. Only approxi-
mately 5 % of neonatal GCT contain a malignant 
component, usually YST [6]. Overall, sacrococcy-
geal tumors are the most  common perinatal GCT, 
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accounting for 40 % of the total [4]. GCT rank as 
fourth or fifth most frequent malignant neoplasm 
in patients below 14 years of age, after neuroblas-
toma, rhabdomyosarcoma, Wilms tumor, and reti-
noblastoma [6, 14]. Table 10.1 presents a summary 
of the most common types of GCT affecting the 
pediatric population by age group and anatomical 
sites of involvement

10.1.1  Risk Factors 
for Developing GCT

GCT lack familial distribution and are thought to 
arise from sporadic genetic mutations [3]. Several 
common chromosomal mutations have been 
identified that may represent random occurrences 
although some common environmental risk fac-
tors have been reported. Maternal exposure to 

various chemicals and solvents may be associ-
ated with an elevated risk of GCT in the off-
spring; however, this has not been proven 
conclusively [3, 15].

Cryptorchidism is associated with 3- to 9-fold 
increased risk of GCT (most commonly semi-
noma) compared to the general male population 
[3, 16–18]. Early orchiopexy is associated with a 
lower incidence of developing a testicular germ 
cell tumor [3, 19].

There is an increased risk for development of 
gonadal GCT in certain disorders of sex develop-
ment (DSD), with an incidence reported as high 
as 30 % in patients with gonadal dysgenesis, and 
5–10 % for undervirilization syndromes [3, 20–
24]. These risks are thought to increase signifi-
cantly with age. Therefore, prophylactic 
gonadectomy during childhood is recommended 
[3, 25, 26].

Table 10.1 Most frequent GCT in the pediatric population by age group, anatomical site, and histologic type

Age group Anatomical site Usual histologic type Comments

Newborn/infancy Sacrococcygeal (40 %)
Ovary
mediastinal > abdominal 
(15–20 % vs. 5 %)
Cervicofacial (rare 
<5 %)

Teratoma GCT are the most 
common neoplasm in 
newborns (35–40 % of 
tumors during first of 
month of life); only 5 % 
are malignant (most 
commonly YST)

Childhood Testes Mostly YST with low 
(5 %) metastatic rate

Usually benign/indolent 
behaviors when 
presenting in gonadal 
sites
Gonadal seminoma and 
dysgerminoma are rare 
and frequently associated 
with gonadal dysgenesis

Ovary Teratoma (40 %)
Mature cystic teratoma

Mediastinal Approximately 15 % are 
malignant. Most 
common malignant 
histology is YST in girls 
and younger boys and 
mixed histology in older 
boys

Puberty/adolescence Testes Postpubertal teratomas 
have higher metastatic 
potential than 
prepubertal

GCT are the most 
common solid tumor in 
adolescent males

Higher incidence of 
embryonal carcinoma 
and mixed non- 
seminomatous tumors

Ovary Mature cystic teratoma

GCT germ cell tumors, YST yolk sac tumor

E. Zambrano et al.
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10.1.1.1  Neoplastic Risk in Disorders 
of Sex Development

The risk in each group of DSD is difficult to eval-
uate, because the reported prevalence per diag-
nostic group varies considerably and also because 
statistical data from literature reviews are based 
on gonadectomies performed during the previous 
decades, mainly prophylactically in early child-
hood; therefore, the real incidence of GCT may 
be higher. In addition, an accurate risk for malig-
nant transformation in DSD patients is hard to 
predict because of two major problems: first, the 
confusing terminology and classification systems 
referred to the different forms of DSD, in which 
several synonyms and eponyms are used in litera-
ture, and definitions for the terminology are often 
lacking from bibliographical sources; second, 
there are no well-established criteria for the iden-
tification of malignant germ cells, especially in 
young children. This is specifically due to the 
phenomenon of delay of germ cell maturation, 
which might result in overdiagnosis of germ cell 
neoplasia in situ (GCNIS) [20].

10.1.1.2  Gonadal Tumors in Patients 
with DSD

Seminoma (if the gonad is considered a testis)/
dysgerminoma (if the gonad is considered an 
ovary) and the non-seminomatous germ cell 
tumors are by far the most frequently occurring 
tumors in patients with DSD [24, 25, 27–33]. 
However, other gonadal (benign and malignant) 
neoplasms have sporadically been reported in 
patients with DSD, often in combination with 
the above-mentioned GCT. The development of 
invasive GCT is always preceded by the pres-
ence of an in situ neoplastic lesion. In gonads of 
DSD patients, the precursor of cancer may be 
GCNIS in testicular tissue or gonadoblastoma 
(GB), in those without obvious testicular differ-
entiation or in patients with testicular dysgene-
sis [26, 34, 35]. Because gonadectomies in 
patients with DSD have often been performed 
prophylactically, most of the encountered 
changes in germ cells are benign or in situ 
malignant conditions. Recently, detailed histo-
logic investigation of gonads of DSD patients 

led to the identification of the putative precursor 
of GB, which was referred to as undifferentiated 
gonadal tissue [25].

10.1.1.3  The Prevalence of GCT 
in Patients with DSD

The prevalence of GCT is increased in patients 
with DSD containing Y chromosome material 
in their genome and especially the chromosome 
Y “GBY” region, which is related to the pres-
ence of the TSPY gene, the most likely candi-
date [36, 37]. The presence of SRY or other sex 
determining genes is irrelevant in this context. 
Specifically DSD patients with gonadal dysgen-
esis (DSD with maldeveloped gonads, including 
streak gonads and testicular dysgenesis) or 
undervirilization (DSD with abnormal androgen 
function) are at risk. Traditionally, the preva-
lence of GCT in patients with gonadal dysgen-
esis is estimated at around 30 % [25] and in 
patients with undervirilization syndromes at 
5–10 % [22, 23]. However, reported prevalence 
numbers per diagnostic group may vary 
considerably.

A clear insight into the prevalence of GCT in 
patients with gonadal dysgenesis (either com-
plete or partial) is hampered by confusing nomen-
clature, which is most pronounced for this patient 
category, as well as an overestimated incidence 
of GCNIS in some series, reported as high as 
91 % [38] to 100 % [39] that probably corre-
sponds to a state of arrested or delayed matura-
tion of the germ cells. GCT in patients with 
gonadal dysgenesis are frequently found at a very 
young age, during the first year of life [25, 29, 33, 
40] or may even at birth [41]. Nearly all the in 
situ neoplastic lesions in patients with gonadal 
dysgenesis are GB, leading to seminoma/dysger-
minoma in 92 % of the cases. A high risk of GB 
exists when sex determination is disrupted at an 
early stage of Sertoli cell differentiation (due to 
abnormalities in SRY, SOX9, or WT1). It must be 
remembered that development of GB requires the 
GBY region of the Y chromosome, which is in 
and of itself sufficient to lead to this neoplasm. 
Early Sertoli cell development is also disturbed 
in patients with mixed gonadal dysgenesis, who 
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also carry a high risk of developing GB as precur-
sor lesion. The same is true for patients with 9p 
deletions, likely related to the loss of DMRT1 
[42]. Careful histological analysis of gonadal tis-
sue of DSD patients revealed that undifferenti-
ated gonadal tissue is the most likely precursor 
stage of GB [26]. The GCNIS lesion accounts for 
only 8 % of precursor lesions in patients with 
gonadal dysgenesis and is probably only encoun-
tered in the presence of testicular tissue [25].

In the group of undervirilized patients (DSD 
with abnormal androgen function), the overall 
prevalence of GCT approximates 2.3 % [25]. In 
the androgen insensitivity syndrome (AIS), the 
reported prevalence of GCT has varied from 
5–10 % [22, 23] to 22 % [43], although in more 
recent series of prophylactic gonadectomies, the 
estimated prevalence is 5.5 % [28, 34, 44–51]. 
Tumor prevalence in AIS markedly increases 
after puberty and reaches 33 % by 50 years of 
age [28]. Although data are limited, the risk 
seems to be markedly higher in the partial form 
(PAIS) (15 %) [34, 44, 49] than in the complete 
variant (CAIS) (0.8 %) [28, 34, 44, 47–49]. This 
difference may be explained by the fact that 
there is a rapid and total loss of germ cells by 
apoptosis in CAIS patients, starting from the 
age of 1 year, whereas PAIS patients maintain 
their germ cell population at about two-thirds of 
the normal number at puberty [34]. The risk of 
cancer in the PAIS patients is influenced by the 
anatomical localization of the gonad, being the 
highest in abdominal sites and the lowest in 
scrotal localization [42, 52]. In contrast to 
patients with gonadal dysgenesis, nearly all the 
reported tumors in the group of patients with 
undervirilization syndromes are GCNIS lesions 
(81 %) or seminomas (19 %), probably because 
these defects have occurred in late gonadal 
development. For other causes of underviriliza-
tion, the development of GCT is exceptional: 
one tumor is reported in a series of six patients 
with 17β-hydroxysteroid dehydrogenase defi-
ciency (17 %) [34]; no tumors were found in a 
series of three patients with 5α-reductase defi-
ciency [47] and of two patients with Leydig cell 
hypoplasia [34].

The risk for GCT development in patients 
with DSD can be grouped into four categories: 
high, intermediate, low, and unknown. High-
risk patients include those with gonadal dysgen-
esis (DSD with maldeveloped gonads) [20], 
intra- abdominal gonads and the GBY region in 
their genome, including Frasier [53] and Denys–
Drash syndromes and also patients with PAIS 
and non- scrotal gonads. The percentages found 
in the literature vary from 15 to 60 %. At 
 intermediate risk are patients with the Y+ 
(GBY+) Turner syndrome and those with 
17β-hydroxysteroid dehydrogenase deficiency, 
gonadal dysgenesis (harboring the Y chromo-
some), or PAIS, the two latter categories with 
scrotal gonads. The low-risk group includes 
patients with CAIS as well as patients with ovo-
testicular DSD (in which the gonads mostly 
consist of well-differentiated ovarian and tes-
ticular tissue) [54] and those with Turner syn-
drome lacking an apparent Y chromosome. The 
unknown category includes 5α -reductase defi-
ciency, Leydig cell hypoplasia and specific gene 
mutations for which there are insufficient or no 
data for proper analysis [52, 55].

An interesting question is why GB forms in 
some patients and GCNIS in others. Hersmus 
et al. [42] hypothesized that this is due to the spe-
cific microenvironment, especially the absence of 
functional Sertoli cells, leading to female devel-
opment. In other words, GCNIS can only be 
formed at a certain level of testicular develop-
ment. Thus, GB and GCNIS are simply two vari-
ants of the same defect, being in fact a continuum, 
of which the phenotypic presentation is deter-
mined by the microenvironment, the level of vir-
ilization [42].

10.2  Classification of Pediatric 
GCT by Histologic Type

The totipotential nature of germ cells allows a 
wide variety of tumors. Different histologic pat-
terns are common in a single tumor, and 25 % of 
childhood tumors contain more than one histol-
ogy, which is often a malignant histology with 
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coexisting teratoma [12]. Since many of the enti-
ties described below are illustrated in other chap-
ters such as those dealing with the ovary and the 
testis, we have included only images relevant to 
the pediatric age group or with specific clinical 
relevance.

10.2.1  Teratomas

The most common GCT in the pediatric popula-
tion, teratomas are often composed of multiple 
embryologic layers, arising from multipotent 
cells, containing one or more embryonic germ 
layers (ectoderm, mesoderm, endoderm) of tissue 
foreign to the anatomic site of origin [56]. In its 
usual definition, tissue elements of all three blas-
toderm layers (endoderm, mesoderm, and ecto-
derm) are present; however, teratomas also occur 
in which only one or two of the germ layers are 
present (referred to as monodermal or bidermal 
teratomas, respectively) [6]. They are divided 
into both mature and immature forms. Mature 
teratomas are benign; they are commonly cystic 
and may contain several well-differentiated cell 
types (i.e., skin, hair, teeth, thyroid, gastric 
mucosa, brain tissue). Immature teratomas are 
less differentiated and more reminiscent of 
embryonal tissue, frequently including neuroec-
toderm typically in the form of neuroepithelial 
rosettes and tubules and often mixed with mature 
tissue [3, 6, 57].

A grading system has been developed for 
immature teratomas, based on the amount of 
neuroepithelial tissue present. Mature teratomas 
containing only fully differentiated tissue are 
considered grade 0 and immature teratomas 
range from grade 1 (composed of <10 % imma-
ture neuroepithelium) to grade 3 (>50 % imma-
ture neuroepithelium present). In adult ovarian 
teratomas, the finding of grade 2 or 3 immature 
teratoma predicts the likelihood of metastasis 
and confers a worse prognosis [57]. In children, 
however, it is not clear that the same relation-
ship of grade to outcome of immature teratomas 
applies. A Pediatric Oncology Group study con-
cluded that surgery alone was curative in chil-

dren and adolescents with stage I immature 
teratomas of any grade and that chemotherapy 
should be reserved for cases of relapse [58–60]. 
However, an association between grade 3 imma-
ture teratoma and microscopic foci of YST 
(83 %) has been demonstrated, emphasizing the 
need for thorough histologic evaluation of 
tumors [59].

10.2.2  Dysgerminomas 
and Seminomas

These GCT result from abnormal premeiotic 
differentiation [3]. Seminoma or dysgerminoma 
has a reduced ability for further differentiation 
and is rare before puberty but occurs at gonadal 
sites in adolescence [1]. Testicular seminoma 
and ovarian dysgerminomas are analogous 
malignant tumors that occur more commonly in 
young adults. When they occur in younger chil-
dren, it is typically in association with gonadal 
dysgenesis [3].

10.2.3  Choriocarcinoma and Yolk Sac 
Tumors

Choriocarcinomas and YST result from abnormal 
postmeiotic extraembryonic differentiation [3].

YST is the most frequent malignant histo-
logical type in pediatric GCT and is common at 
the sacrococcygeal, retroperitoneal, mediasti-
nal, and prepubertal testicular locations [1, 4, 
6]. In neonatal GCT, YST most commonly 
occurs within a teratoma; about 5 % of neona-
tal teratomas have a yolk sac component [4]. In 
older infants and young children, YST more 
commonly occurs as a pure YST, not as a com-
ponent of a teratoma [6]. AFP elevation is seen 
in the presence of YST and serves as a marker 
of persistent or recurrent disease, especially in 
infants between 6 months and 2 years of age, 
when the normally elevated newborn levels 
ranging from 41,000 to 160,000 ng/ml 
decrease. AFP levels are reported up to 87 ng/
ml within 95.5 interval assuming a logarithmic 
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normal distribution, decreasing to a mean of 
8 ng/ml at 2 years of age before finally reach-
ing the normal adult serum level of 0–6 ng/ml 
(vide infra) [61].

Choriocarcinoma is rare in childhood. It is 
even rarer in the infant and is usually thought to 
originate from a focus of choriocarcinoma that 
has arisen in the placenta as a variant of gesta-
tional trophoblastic disease [1, 6]. 
Choriocarcinoma is composed of cytotropho-
blast, syncytiotrophoblast, and extravillous tro-
phoblast, often mixed in random fashion 
surrounding areas of hemorrhage and necrosis. 
Vascular invasion is a common feature of chorio-
carcinomas [6]. The disease is rapidly fatal if left 
untreated [62]. Given that placental choriocarci-
noma can also metastasize to the mother (up to 
60 % of cases), if an infantile choriocarcinoma is 
diagnosed, the mother should also be screened 
for the disease [6].

10.2.4  Embryonal Carcinoma

Embryonal carcinoma possesses the ability to 
differentiate into embryonic and extraembryonic 
tumors [1, 7]. It most frequently presents in post-
pubertal GCT [9].

10.2.5  Gonadoblastoma

GB are benign tumors that contain both germ 
cells and stromal cells. As mentioned above, neo-
nates can also present with GB in patients with 
dysgenetic gonads.

10.3  Classification of Pediatric 
GCT by Anatomical Site

10.3.1  Extragonadal GCT

10.3.1.1  Sacrococcygeal Teratomas
Sacrococcygeal teratomas [63] (SCT) are the 
most common extragonadal GCT in the pediat-
ric population. They are the most common GCT 

in newborns and infants, occurring in approxi-
mately 1:35,000 live births. Anatomically, they 
have been classified into four types according 
to the degree of their external vs. intrapelvic/
intra-abdominal extension [3, 64]. Clinically, 
however, SCT usually fit one of two distinct 
scenarios: those presenting with large predomi-
nantly external and benign (>90 %) lesions in 
the neonatal period or those presenting between 
birth and 4 years that typically have more intra-
pelvic/intra- abdominal tumor involvement. The 
latter group of tumors is much more likely to be 
malignant (60–90 %). It has been theorized that 
the absence of visible external tumor leads to a 
delay in diagnosis and therefore a higher inci-
dence of cancer due to malignant degeneration. 
Symptoms in these patients are often the result 
of pelvic enlargement with compression of the 
bladder or rectum [3].

Large SCT can cause symptoms in utero sec-
ondary to mass effect, fetal hydrops, maternal 
polyhydramnios, fetal dystocia, tumor rupture 
(Fig. 10.1) or shunting with high-output cardiac 
failure, and maternal polyhydramnios. Fetal 
resection or other fetal intervention (cyst drain-
age, laser ablation, alcohol sclerosis) may be nec-
essary. Cesarean section delivery is recommended 
[1, 65, 66].

The association of presacral teratoma with 
anal stenosis/anorectal malformation and 
sacral defects is known as the Currarino triad, 
an autosomal dominant disorder [67], second-
ary to mutations in the HLXB9 homeobox gene 
[68, 69].

Factors that Predict Recurrence of SCT
Recurrence of disease post resection ranges 
from 2 to 35 %, averaging 12.5 % [70]. About 
50 % of patients with immature or mature tera-
toma that recur have a malignant component at 
recurrence. Recurrence is more likely among 
patients with immature teratoma (33 % recur-
rence) than for patients with mature teratoma 
(10 % recurrence) [6]. In a retrospective review 
of all teratomas diagnosed during childhood, 
grade of immaturity correlated with risk of 
recurrence; higher grade of immature teratoma 
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was more likely to relapse than lower grade 
(grade 0, mature), 10 %; grade 1, 14 %; grade 2, 
21 %; grade 3, 31 %) [6].

10.3.1.2  Thoracic and Mediastinal 
Germ Cell Tumors

Mediastinal pediatric GCT are extremely rare, 
representing 5 % of all GCT and 6–18 % of all 
pediatric mediastinal tumors [2, 3]. Thoracic 
GCT are more common than abdominal GCT in 
the newborn period (15–20 % vs. 5 %) [6, 71]. 
The majority of these tumors are located in the 
anterior mediastinum and originate in the thy-
mus, though they can be found to rise from the 
posterior mediastinum, heart, or epicardial struc-
tures [6].

Older children typically present with chest 
pain, precocious puberty or facial fullness, and 
vascular congestion as a result of caval obstruc-
tion and superior vena cava syndrome. In younger 
children, respiratory distress is more common 
and often accompanied by fever [2, 3].

Approximately 15 % of pediatric mediastinal 
GCT are malignant and carry the worst prognosis 
of all germ cell tumors [6]. YST is the predomi-
nant histology in girls as well as younger boys, 
whereas older boys have mixed histology in over 
50 % [1, 72]. An association with Klinefelter syn-
drome and certain hematologic disorders has 
been described [3, 73].

10.3.1.3  Abdominal 
and Retroperitoneal Germ 
Cell Tumors

Abdominal GCT (retroperitoneal, gastric, other 
abdominal viscera) account for only 5 % of all 
GCT [71]. They can be both intraperitoneal and 
retroperitoneal, and complete extirpation is the 
main treatment [6]. The vast majority present 
within the first 5 years of life, and especially the 
first year of life (one half of them occur during 
the first year of life and 73 % occur before 5 years 
of age) [6]. Most present during infancy with a 
mass and pain as the common symptoms; weight 
loss, constipation, and acute abdomen may also 
occur [1]. There is a 2:1 female predominance 
[3].

The majority of these tumors are benign: 
mature and immature teratomas predominate, 
with malignancy rates up to 15–24 % [70, 74, 
75]. The most frequent malignant histology is 
YST (63 %), but choriocarcinoma and mixed 
tumors also occur [71].

Fetus In Fetu
The term fetus in fetu (FIF) is attributed to Meckel 
in 1800 and describes the inclusion of one fetus 
inside of another. Since then, around 100 cases 
have been reported. The embryologic origins of 
FIF are unclear, and it is not decided whether FIF 
is a monochorionic, monozygotic twin of the host 

Fig. 10.1 Neonate with a giant sacrococcygeal teratoma that ruptured during delivery. Note the thin skin coverage with 
prominent vascular markings and the area of rupture showing solid and cystic components forming the tumor mass
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or rather a well- differentiated teratoma (fetiform 
teratoma) [6]. Differentiating between FIF and 
teratoma can be challenging; Spencer suggested 
that a FIF must have one or more of the following 
conditions: (1) be enclosed within a distinct sac, 
(2) be partially or completely covered by normal 
skin, (3) have grossly recognizable anatomic 
parts, (4) be attached to the host by only a few 
relatively large blood vessels, and (5) either be 
located immediately adjacent to one of the sites 
of attachment of conjoined twins or be associated 
with the neural tube or the gastrointestinal sys-
tem [6, 76]. Most cases present as an asymptom-
atic abdominal mass during infancy. Although 
80 % of FIF occurs in the upper retroperitoneum, 
FIF has also been reported in the liver, sacrum, 
pelvis, scrotum, external genitalia, mediastinum, 
and oropharynx. We have seen examples attain-
ing a highly advanced degree of fetal develop-
ment (Figs. 10.2 and 10.3) and even spontaneous 
limb movement (Fig. 10.4) [77]. The treatment is 
surgical resection [6, 78].

10.3.1.4  Cervicofacial Teratomas
GCT of the cervical and facial regions represent 
5 % of all GCT during childhood, but GCT in this 

site most commonly present during the prenatal 
or perinatal period [79]. Nearly all are mature or 
immature teratomas. Approximately one-third 
presents with airway obstruction [80]. Giant fetal 
tumors have been noted with hydrops fetalis, 
which may lead to fetal demise [81].

10.3.2  Gonadal GCT

10.3.2.1  Testes
Pediatric testicular GCT are rare and occur in a 
bimodal distribution, with a small peak in the first 
3 years of life and a larger peak in adolescence 
(Figs. 10.5 and 10.6) [1]. They are more frequently 
diagnosed in adolescents and young adults and are 
the most common solid tumor in adolescent males 
[9, 82]. They have distinct histologic and biologic 
differences associated with each age group (pre- 
and postpubertal) [1, 56, 83, 84].

In the prepubertal male, testicular GCT fre-
quently present as a mass or testicular enlarge-
ment with approximately 10 % associated with a 
hydrocele [3, 85]. Postpubertal testicular GCT 
typically behave more aggressively than prepu-
bertal GCT [9].

Fig. 10.2 Neonate with an example of fetus in fetu 
located in the lumbosacral area. The abnormal growth 
shows advanced fetiform development, featuring half of a 
face, with hair in a distribution similar to the scalp, fore-

head, the left eye, and partial development of the nose and 
ear. The right side of the face is continuous with a mem-
branous sac containing neuroepithelial and other tera-
tomatous elements
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A review of recent pathology-based studies 
demonstrates that 70–75 % of prepubertal tes-
ticular tumors are benign [9–11]. Testicular 
GCT in prepubertal males are typically pure 
YST with a low incidence of metastasis 
(approximately 5 %) [9]. Pure teratoma is also 

common in children, accounting for about 
40 % of such testicular tumors, but in the pre-
pubertal patient uniformly exhibits a benign 
behavior [9, 86, 87]. In contrast, adolescents 
have a higher incidence of pure embryonal car-
cinoma and mixed GCT non- seminomatous, 
which behave more aggressively than their pre-
pubertal counterparts, with 20–30 % present-
ing with metastatic disease at diagnosis [9, 11, 
83]. Additionally, postpubertal teratomas are 
typically part of a mixed non-seminomatous 
GCT and have a higher potential for metastasis 

Fig. 10.3 Another view from the lesion shown in Fig. 10.2. The incomplete half of a face is flanked by a membranous 
sac on the left and a fleshy mass of teratomatous elements on the lower sacral area on the right

Fig. 10.4 Fetus in fetu with remarkably advanced feti-
form anatomy showing a head with anencephalic features, 
a thorax and abdomen, four limbs, and digit formation. 
This case showed intrauterine movement of the limbs in 
ultrasound analysis [77]

Fig. 10.5 Intratesticular mixed germ cell tumor in an 
adolescent. The tumor is located in the center of the testis 
showing a lobulated surface with hemorrhage and promi-
nent vascularity
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and malignant degeneration than prepubertal 
teratomas [9, 10].

In a recent study comparing pediatric, adoles-
cent, and adult testicular GCT, higher rates of 
pure seminomas were observed in adults, com-
pared with children and adolescents; adolescents 
had higher proportion of mixed tumors, while 
younger pediatric patients were more likely to 
harbor pure YST or teratoma. In this study, ado-
lescents had significantly more advanced AJCC 
Stage Group at presentation, and they also had 
lower event-free and overall survivals compared 
with pediatric or adult patients. As mentioned by 
the authors, the difference in histology may par-
tially account for the higher stage at presentation 
observed in adolescents. However, adolescent 
patients were observed to suffer statistically sig-
nificantly worse event-free survival than children 
or adults even when attempting to statistically 
account for stage and histology. A possible expla-
nation for this difference may include the surge in 
hormonal stimulation occurring in adolescence, 
which leads to a deregulation of the complex 
mitosis–meiosis switch in pre-existing testicular 
carcinoma in situ [9].

In young patients other tumors, such as Sertoli 
cell tumors and paratesticular rhabdomyosarco-
mas, are more common than germ cell tumors. 
The exact incidence of malignancy in prepubertal 
testicular masses is not known, but in one series, 

74 % were benign with 48 % teratomas and only 
5 % YST [1, 84, 85].

10.3.2.2  Ovary
The ovary is the most common site for GCT 
after infancy. More than 80 % of all ovarian 
tumors are benign, with many of these having 
predominantly cystic components [1, 88]. Most 
ovarian GCT in children are teratomas, followed 
by dysgerminomas, YST, embryonal carcino-
mas, and mixed tumors [3, 89]. Presenting 
symptoms are pain, lower abdominal fullness, 
and less commonly an acute abdomen from tor-
sion or tumor rupture [1].

10.3.2.3  Placenta
Primary GCT, although rarely, may also occur in 
the placenta [90] and even in the umbilical cord 
[91]. The most frequently reported type is tera-
toma [90], which should be distinguished from 
an “amorphous fetus.” Other forms of non- 
trophoblastic primary placental neoplasia include 
YST [92, 93], chorangioma, and foci of hepato-
cellular (hepatocellular adenoma) [94] or adrenal 
parenchyma, which may represent a challenging 
differential diagnosis. Placental teratomas can be 
distinguished from the nonneoplastic fetus amor-
phus by the presence in the latter of an umbilical 
cord and skeletal organization [93]. YST in the 
placenta show the characteristic histological fea-
tures seen in these tumors in other locations. 
Hepatocellular adenomas usually express a char-
acteristic morphology and immunohistochemical 
markers, such as Hep Par1. The same is true for 
adrenal rests, which can be highlighted by alpha 
inhibin immunohistochemistry.

10.4  Interpretation of Serum 
Tumor Markers

Proteins secreted by certain subtypes of GCT 
may be used as tumor markers, and their pattern 
and degree of elevation can provide an indication 
of the likely tumor histology. AFP is generally 
elevated in patients with YST, although low lev-
els of AFP (<100 mg/l) can be observed in imma-
ture teratomas (perhaps due to occult microscopic 

Fig. 10.6 Cross section of the tumor shown in Fig. 10.5. 
The mass is relatively well circumscribed, featuring sev-
eral nodules of white neoplastic tissue with areas of prom-
inent vascularity and focal infiltration into the testicular 
parenchyma. Hemorrhagic foci are evident on the upper 
portion of the lesion
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foci of YST within the tumor) [6]. However, 
because AFP is also normally synthesized by 
fetal liver, yolk sac, and gastrointestinal tract, 
interpretation of AFP levels during the neonatal 
period must incorporate knowledge of age- 
related norms [6, 7, 61, 95]. AFP is elevated in all 
infants at birth but drops to normal levels over the 
course of the first 2 years of life, as its synthesis 
in the liver ceases. The half-life of AFP varies 
with age during the first months of life and stabi-
lizes at 5–7 days by 9 months of life [95]. In adult 
men with metastatic testicular cancer, the degree 
of elevation of the tumor markers is of prognostic 
value, and the failure of tumor markers to decline 
appropriately when undergoing treatment indi-
cates likely resistance to chemotherapy; however, 
neither of these factors has consistently been 
shown to be prognostic in children [6, 96].

When an elevated AFP level is detected, alter-
native possibilities should be considered includ-
ing synthesis by liver tumors such as hepatoma, 
hepatoblastoma, and even mesenchymal hamar-
toma of the liver [97], or diseases such as hypo-
thyroidism, folate deficiencies, autoimmune 
disorders, acquired immunodeficiency disorder, 
congenital heart defects, cystic fibrosis, and 
platelet aggregation disorders [6].

hCG is a peptide hormone produced in preg-
nancy, which is made by the embryo soon after 
conception and later by the placental syncytiotro-
phoblast [6]. The beta subunit of hCG serves as a 
marker of syncytiotrophoblasts when they are 
present in the tumor, typically a choriocarcinoma, 
where it can be significantly elevated. Its half-life 
is 16 h [7].

10.5  Molecular Genetics 
of Pediatric GCT

The genomic alterations seen in malignant GCT 
of infants and children are generally distinct 
from those occurring in tumors from postpuber-
tal patients [4, 6, 76, 98]. In the prepubertal 
period, pure teratomas of the testis or of extrago-
nadal sites nearly always exhibit normal 
genomic profiles, which contrasts sharply with 
the universally abnormal cytogenetic profile of 

postpubertal teratomas arising as a component 
of a mixed malignant GCT [6, 64, 86].

Adolescent and adult GCT tend to be aneu-
ploid. The most consistent chromosomal aberra-
tion in adolescent/adult malignant GCT is the 
overrepresentation of chromosome 12p (80 %) 
[3, 99–101], which is found in all histologic sub-
types and primary sites (ovarian, testicular, and 
extragonadal) [6]. Abnormalities of chromo-
somes 7 and 8 have also been found in up to 70 % 
of adolescent and adult testicular GCT [101].

Unlike teratomas, cytogenetic and other 
genomic aberrations are consistently reported in 
YST on infants and children. Array CGH pro-
files on patients aged <5 years have shown that 
most teratomas have normal profiles, with occa-
sional loss of chromosome 20p as the only 
recurrent change. In contrast, YST show abnor-
mal profiles, including gains of chromosomes 
1q, 3p, and 20q, and loss of chromosomes 1p, 
6q, and 18q [102].
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Germ Cell Tumors of Miscellaneous 
Extragonadal Sites
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The occurrence of pluripotential tumors in 
diverse midline extragonadal locations can be 
explained by the migration of germ cells, which 
originate in the dorsal wall of the yolk sac and 
migrate during the fourth to sixth week of devel-
opment through the dorsal midline toward their 
final destination in the developing gonads [1]. 
Ectopic primitive germ cells may give rise to 
extragonadal germ cell tumors (EGGCTs), and 
consequently they occur usually in children or 
young adults (type I GCT), in medial or parame-
dial locations. In this pathogenetic situation, their 
precursor lesions are unknown, and tumors are 
often difficult to situate in the various types of 
pluripotential tumors, as they belong, according 
to specific site, sex, and age of presentation to 
any pathogenetic type (see Chap. 3). Primitive 
germ cells undergo meiosis at the same time in 
both female and male embryos in either gonadal 
or extragonadal sites, [2, 3] thus explaining the 

blurred boundaries between different types in 
extragonadal tumors of both sexes. Primitive 
germ cells are the origin of both seminomatous 
and non-seminomatous tumors, belonging to 
types I and II, in the Oosterhuis and Looijenga 
classification (see Chap. 3).

However, the germ cell origin model does not 
provide an adequate explanation for either those 
GCTs found in locations distant from the midline 
or those presenting as secondary patterns of vari-
ous somatic tumors, often with an endodermal 
origin. These would correspond to type VI pluri-
potential tumors originating from cells similar to 
induced pluripotential somatic stem cells (iPSC) 
(see Chap. 3). These tumors, where somatic 
malignances develop non-seminomatous GCT, 
are particularly prevalent in organs of endoder-
mal derivation, such as the lung, stomach, liver, 
and urinary tract, where the secondary differenti-
ated GCT patterns frequently are YST of glandu-
lar or hepatoid pattern, thus indicating a 
continuum of endodermal differentiations 
included under the concept of primitive endoder-
mal tumors [4]. This group possibly includes 
some teratoid carcinosarcomas, fetal adenocarci-
noma of the lung, gastric adenocarcinoma with 
hepatoid and clear cell differentiation, hepato-
blastoma, combined hepatocellular cholangio-
carcinoma with stem cell features, some instances 
of urothelial cell carcinomas, and hepatoid ade-
nocarcinomas from several locations, including 
examples of liver metastases.
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In this chapter we will analyze the clinicopath-
ologic features of EGGCT from the most relevant 
extragonadal locations with the exception of those 
already reviewed in Chaps. 8, 9, and 10. We will 
not include instances of type 0 GCT, such as epig-
nathi and parasitic twins addressed in Chap. 10.

Incidence of EGGCT has been reviewed in 
Chap. 2. However, the true incidence of EGGCT 
is difficult to calculate as usually only malignant 
tumors are registered and the presence of benign 
lesions omitted. Histopathological reports of 
EGGCT are few [5] with most reviews and case 
reports being clinically focused and, more often 
than not, with incomplete histopathologic data. 
EGGCTs represent 3.3 % of all GCTs; of these, 
1.5 % are found in the central nervous system 
(CNS) (see Chap. 9), 0.9 % occur in mediastinum 
and thorax (see Chap. 8), and 0.8 % occur in the 
abdomen and pelvis. Unspecified locations repre-
sent only 0.1 % [6]. Most EGGCTs outside the 
mediastinum, CNS, and prostate are 
non-seminomas.

11.1  Head and Neck

The head and neck region accounts for 5 % of all 
EGGCT [7].

11.1.1  Orbit

GCTs in the orbit are rare. A recent review ana-
lyzing a large number of patients over a 35-year 
span did not find a single case [8]. However, 
some 50 cases of orbital teratomas have been 
reported [9]. They are more common in neonates 
and infants but have been reported in adults; they 
seem to affect females more than males and the 
right orbit more than the left [10]. The typical 
clinical course is of rapid growth after birth, 
although rarely they may grow slowly [11]. The 
eye is normally functional although mass-related 
ocular abnormalities, such as proptosis, exposure 
keratosis, optic nerve atrophy, or cataracts, may 
occur [10]. The association of orbital teratoma 
and anophthalmia is rare [12]. Histologically, 
teratomas are typically mature and may have 

similar tissues to those encountered in gonadal 
teratomas [13]. Malignant teratomas seldom 
occur and should be differentiated from teratoid 
carcinosarcoma, which has sarcomatous change 
[14]. Teratoma with a neuroblastic component 
has been reported [15].

Yolk sac tumors (YST) present very infre-
quently in the orbit, with only 16 cases reported 
to date [16–23]. They typically affect infants 
under the age of 3, but have also been reported in 
the fetus [19]. AFP levels are typically raised and 
imaging studies reveal a soft tissue density mass. 
Early surgery and chemotherapy should be per-
formed in order to preserve the eye and vision, to 
encourage orbitofacial development and for cos-
metic effect [24]. Frequently, the eye develops 
correctly, but vision can be impaired, and exen-
teration may be necessary.

11.1.2  Oropharynx, Nose, 
and Paranasal Sinuses

GCTs arising in the oral and nasopharyngeal 
cavity are uncommon, the most frequent being 
benign teratoma in infants and children. 
Epignathus is a graphic variant, and etymologi-
cally refers to teratomas arising from the jaw, but 
also is frequently used to describe teratomas 
arising from the oropharynx. These tumors 
would correspond to type 0 in the Oosterhuis and 
Looijenga classification (see Chap. 3) and should 
be considered a parasitic twin (fetus in fetu) 
[25]. They are also dealt with in Chap. 10. 
Although rare, teratomas presenting with imma-
ture elements have been described in the neona-
tal period [26].

Sinonasal teratoid carcinosarcomas (SNTCS) 
are lesions of debatable germ cell origin; histo-
logically they are a heterogeneous combination 
of epithelial, mesenchymal, and neural ele-
ments. They are rare, aggressive neoplasms with 
high mortality and recurrence rates and with a 
 predilection for males in their fifth decade [27]. 
Although typically present in the sinonasal region, 
they may occur in the nasopharynx and oral cav-
ity [28]. Clinically, their presentation includes 
nasal obstruction and bleeding,  headaches, and 
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visual disturbances. Histologically, they show 
an admixture of benign and malignant epithe-
lial, mesenchymal, and primitive neuroecto-
dermal components. The benign elements are 
well-differentiated acinar or glandular structures 
and clear cell “fetal type” squamous epithelium 
[29], and the malignant components are atypical 
epithelia, mesenchyme with fibroblastic, rhab-
domyoblastic, and chondroid elements, as well 
as rosette-forming primitive neural components. 
The main argument against their germ cell ori-
gin is the absence of concomitant GCT elements 
[28–30]. It is possible that they correspond to 
type VI GCT. The only case reported in associa-
tion with YST areas [30] had an extra copy of 
chromosome 12p13 [30]. A further report [31] 
lacked GCT elements but showed trisomy 12 and 
1p deletion. Their differences with teratoma are 
difficult to establish, since they may rarely have 
a trilaminar differentiation and show coexis-
tence of benign and malignant elements. For this 
reason, it is possible that cases in the literature 
described as immature teratomas in the sinonasal 
region may correspond to SNTCS [15].

SNTCS have a poor prognosis; there are recur-
rences in about a quarter of patients, a tenth 
develop metastases, and only half of the patients 
survive beyond 3–4 years. Due to their poor out-
come, vigorous treatment with surgery and radio-
therapy is recommended [27].

11.1.3  Thyroid

The presence of thyroid tissue closely related to 
other teratoid elements and clearly surrounded by 
a pseudocapsule appears to be the most signifi-
cant criterium for establishing a thyroidal origin 
for teratomas [32, 33].

Thyroid teratomas have been reported in all 
age groups, but are more frequent in neonates and 
children. The majority of pediatric thyroid terato-
mas have a mature histology, but complications 
are frequent, due to compression of the airway or 
other vital neck structures, particularly in neo-
nates. Benign thyroid teratomas have a similar 
gender distribution, and at presentation, there is 
no gender-related age difference. Their size is 

variable, ranging 2–13 cm, with a mean of 6 cm 
[34]. Histologically, benign teratomas display a 
wide variety of tissue types, including different 
types of epithelia and pilosebaceous and adnexal 
structures, as well as lung, hepatic, and pancre-
atic tissue intermixed with mesenchymal struc-
tures such as skeletal and striated muscle and 
adipose and embryonic connective tissue. The 
presence of a prominent neural tissue component 
such as mature glia and choroid or immature neu-
ral elements is common.

Malignant teratomas tend to occur in older age 
groups [35]. There are approximately 30 reported 
cases occurring between the ages of 8–68 with a 
mean age of 28. They are more frequent in 
females; indeed about three quarters of all 
reported cases of malignant teratomas with 
immature neural components were found in 
females, occasionally associated with pregnancy 
[32, 35–37].

The differential diagnosis of thyroid teratomas 
includes lesions such as branchial cleft cyst, thy-
roglossal cyst, congenital goiter, and cystic 
hygroma. Immature and malignant teratomas, 
owing to their abundant immature neural compo-
nents, need to be distinguished from other malig-
nant small cell tumors [32, 38].

The presence of other primary GCT in the 
thyroid gland is exceedingly rare. There is a 
single case report of YST in the thyroid in a 
10-year- old girl [39] and an additional case of 
a mixed GCT in the thyroid of a 35-year-old 
man who presented with a thyroid mass con-
taining areas of embryonal carcinoma and cho-
riocarcinoma, but with no primary testicular 
tumor [40].

11.1.4  Parotid Gland

The presence of GCT in the parotid gland is 
anecdotal. The few cases reported are mainly 
mature teratomas [41–46] and occur in the first 
and second decades of life. Fine needle aspiration 
may be useful in diagnosis [46].

There are two reports of YST of the parotid 
gland, both in girls [47, 48] and presenting as a rap-
idly growing mass with raised serum AFP levels.
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11.2  Lung

Although teratomas are frequently found in the 
anterior mediastinum (see Chap. 8), pulmonary 
teratomas are less frequent, with approximately 
80 cases reported to date [49–56]. They present 
as slowly growing masses [54], are slightly more 
common in females [51], and have a median age 
at diagnosis of 28.5 years, ranging from 
10 months to 68 years [57], and a variable tumor 
size; some cases occupied the entire lung [52].

Clinical symptoms are diverse and include 
productive cough, sweating, loss of weight, las-
situde, recurrent hemoptysis, bronchiectasis, 
empyema, fever, headache, and pleuritic chest 
pain [50, 58–60]. Trichoptysis (expectoration of 
hairs) is pathognomonic of pulmonary teratoma, 
but only occurs in 13–15 % of cases [50, 55, 61]. 
They are often misdiagnosed as pneumonia, lung 
abscess, tuberculosis, hydatid cyst, or aspergil-
loma [50, 59, 62]. Recurrent hemoptysis may be 
related to the enzymatic digestion from teratoma-
tous pancreatic tissue [50, 58–60, 63]. YST- 
related hematological neoplasms, similar to those 
occurring in mediastinal GCT, are also found in 
the lung [64].

Pulmonary teratomas have a protracted 
course; the time from onset of symptoms to diag-
nosis is usually lengthy [58]. Although prognosis 
is favorable after surgical resection in most cases, 
some malignant immature teratomas (30 % of 
pulmonary teratomas) with occasional lymph 
node metastases or lymphovascular invasion 
have been reported, often in female patients [50, 
53, 56, 65].

Interestingly, a link between mediastinal and 
pulmonary teratomas seems to exist, which could 
be explained by the putative origin of the latter, 
thought to arise from the aberrant migration of 
third pharyngeal pouch tissues, a thymic anlage 
[50, 51, 54, 57, 58, 60, 62]. Moreover, thymus 
has been found in several pulmonary teratomas 
[58, 63, 66]. Furthermore, teratomas of the lung 
show a predilection for the anterior aspect of the 
upper lobes (65 %), particularly the left, mostly 
in the S3 segment, related to the location of aber-
rant thymic tissue [50, 58, 62]. The finding of 
intrapulmonary thymomas lends support to this 

hypothesis [57]. Also, adhesions or connections 
between the pulmonary tumor and the mediasti-
num have been found, further complicating the 
clarification of the primary origin [51, 57, 59, 
63]. The finding of a direct bronchial communi-
cation with the teratoma (50 %) has been pro-
posed as a reliable sign for a pulmonary origin 
[49, 50, 65, 66]. The relationship between thy-
mus and type II GCT is reviewed in Chap. 3.

The differential diagnosis should include pul-
monary hamartoma, bronchogenic cyst, cystic 
adenomatoid malformation, and cystic lymphan-
giomas [51, 61]. Although hamartoma is com-
posed predominantly of mesenchymal tissue, 
especially cartilage, smooth muscle, and adipose 
tissue, it can contain respiratory epithelium. The 
peripheral situation and the characteristic coin- 
like appearance in radiologic studies of hamar-
toma help in the differential diagnosis. In 
contrast, pulmonary teratomas show a more het-
erogeneous cystic and solid appearance with foci 
of calcification and peripheral radiolucent areas 
[51, 62].

Primary choriocarcinoma of the lung is a rare 
condition with only some 35 cases reported [67–
69]. They occur more frequently in the right lung 
[70] and present with symptoms such as diffuse 
alveolar hemorrhage, namely, “choriocarcinoma 
syndrome” (see Sect. 11.7) [71], recurrent 
hemoptysis, persistent cough, massive loss of 
body weight, chest pain, dyspnea, hemothorax, 
gynecomastia, testicular atrophy, and loss of 
libido [72, 73]. Indeed, the presence of gyneco-
mastia in a male patient with bilateral pulmonary 
nodules is highly suggestive of choriocarcinoma 
[73]. Pulmonary choriocarcinoma must be 
strongly suspected in women older than 35 with 
hemoptysis and previous molar pregnancies [69]. 
As expected, β-hCG serum levels are usually 
elevated [67, 68, 70–74].

A bimodal age distribution at diagnosis sug-
gests a different pathogenesis for each group of 
choriocarcinomas [67, 74].

The first group corresponds to women of repro-
ductive age, frequently with a history of previous 
pregnancy, miscarriage, or gestational trophoblas-
tic disease. Indeed, the presence of trophoblastic 
cells in pulmonary arteries in autopsies of women 
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with the aforementioned conditions has been 
found [71, 75], supporting the idea of pulmonary 
embolization of trophoblastic cells as a probable 
origin for primary pulmonary choriocarcinoma in 
these patients [70].

The second group is predominantly com-
posed of men in their fifth or sixth decades with 
a history of smoking [74]. A concurrent conven-
tional pulmonary carcinoma component (adeno-, 
squamous-, large cell carcinoma) is often 
observed, intermixed with the choriocarcinoma-
tous areas [70, 72]. The relationship between 
carcinomas and choriocarcinoma is supported by 
the thyroid transcription factor (TTF-1) immu-
noexpression present in syncytiotrophoblastic-
like cells of malignant lung neoplasms [76]. 
Furthermore, a variable β-hCG immunoexpres-
sion has been described in both components [72, 
74]; 6 % of lung carcinomas can produce β-hCG, 
with most cases corresponding to giant and large 
cell carcinomas [72]. Thus, giant and large cell 
carcinomas with prominent multinucleated giant 
cells and β-hCG production are the major differ-
ential diagnoses of pulmonary choriocarcinoma. 
Choriocarcinoma of the lung does not represent 
a GCT and is of gestational origin in women of 
fertile age and of metaplastic origin in older men 
with a history of smoking and concurrent pulmo-
nary epithelial malignancy. This group has a 
poor response to chemotherapy and a bad prog-
nosis [70].

YST and fetal adenocarcinomas. While tera-
toma of the lung may represent a classic example 
of a GCT related to embryological development, 
pulmonary fetal adenocarcinoma (PFA) high-
lights our current understanding of pluripotential 
states in endodermally derived somatic malig-
nancies. PFA was described in 1982 [77] as “pul-
monary blastoma with argyrophil cells and 
lacking sarcomatous features” and is also known 
as pulmonary endodermal tumor resembling fetal 
lung [78], among other terminologies. The tumor 
shows a complex branching pattern of tubules 
resembling fetal lung of the glandular period 
lined by glycogen-rich, vacuolated epithelial 
cells, similar to glandular YST elsewhere, espe-
cially in its well-differentiated form. This fact 
may account for a large number of the reported 

primary pulmonary YST [79–81]. Indeed, PFA 
shows expression of endodermal and pluripoten-
tiality markers such as CDX2, AFP, glypican-3, 
and SALL4, analogous to YST [4]. However, the 
differentiated form of this tumor shows forma-
tion of morules (Fig. 11.1) with biotin-rich, opti-
cally clear nuclei identical to those found in 
low-grade tumors of the endometrium, thyroid, 
etc. but never occur in YST [82]. In contrast, pul-
monary blastoma has an atypical mesenchymal 
component and does not show such a marked 
morular formation [83]. PFA represents an endo-
dermal primitive tumor of pulmonary differentia-
tion, possibly not derived from germ cells but 
from pulmonary stem cells that can also differen-
tiate into other cell lines. This would explain the 
various associated patterns such as conventional- 
type adenocarcinoma, large cell neuroendocrine 
carcinoma, small cell carcinoma, enteric adeno-
carcinoma, and choriocarcinoma, as well as the 
TTF-1 positivity described in the mixed forms of 
PFA [84, 85].

11.3  Stomach

Gastric teratomas account for less than 1 % of 
teratomas in children [86, 87] and 1.6 % of all 
abdominal teratomas [88, 89]. Approximately 
110 cases have been reported to date [88]. 
Gastric teratomas nearly always occur in infants, 

Fig. 11.1 Fetal type adenocarcinoma of the lung. 
Branching tubules lined by cylindrical epithelium with 
prominent vacuolation displaying morular aggregates 
with cells exhibiting optically clear nuclei
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especially in neonates [90] (type I GCT), 
although there are cases reported in older chil-
dren and adults [86]. The predominance of these 
tumors in male children is striking [87].

Clinically, gastric teratomas usually present as 
palpable masses with associated symptoms such 
as abdominal distention, vomiting, hematemesis, 
melena, respiratory distress, anemia, fever, weak-
ness, abdominal pain, eating problems, constipa-
tion, failure to thrive, and spontaneous gastric 
perforation mimicking meconium peritonitis [86, 
88, 91].

Gastric teratomas are essentially benign neo-
plasms, and although several so-called immature 
teratomas have been described in the stomach 
[92], only one case in an 83-year-old man has 
shown malignant transformation [93]. Recurrence 
has been associated with incomplete surgical 
resection or to the presence of a YST component 
[94, 95]. An example with a “focus of Wilms 
tumor with predominant epithelial component” 
[96] and another one with “small foci of neuro-
blastoma” [97] has been reported. A further asso-
ciation with Beckwith-Wiedemann syndrome 
and gliomatosis peritonei has been observed [90, 
98], presenting as a scrotal sac mass [99]. 
Furthermore, a tumor composed of independent 
components of adenocarcinoma and immature 
“neuroepitheliomatous” monodermal teratoma 
has been reported [100]. Some of these random 
polydifferentiated neoplasms show a strong simi-
larity with the multiple GCT patterns originated 
from somatic neoplasms in the female genital 
tract addressed in Chap. 6 that possibly arise 
from iPSC found in somatic tumors, representing 
type VI GCT.

Differential diagnosis includes diverse lesions 
such as mesenteric lymphangioma, pancreatic 
cyst, mesoblastic nephroma, neuroblastoma, 
Wilms tumor, hepatoblastoma, pancreatoblas-
toma, rhabdomyosarcoma, pheochromocytoma, 
angiomyolipoma, liposarcoma, and retroperito-
neal teratoma [101, 102].

Gastric teratomas present as large exogastric 
(65 %), endogastric (9 %), or mixed endo/exo-
gastric (26 %) [103] masses reaching up to 
22–23 cm in size [90, 92]. Although they are 
found in any portion of the stomach, the greater 

curvature and posterior wall are the most com-
mon sites [89]. This could be explained by the 
more rapid growth of the posterior margin of the 
stomach in its expansion from the central part of 
the primitive anterior intestine [104].

As previously noted, immature tissues are 
not infrequent in gastric teratomas and show a 
good prognosis after complete surgical resec-
tion without neoadjuvant therapy [87, 91] [86], 
unless a concurrent yolk sac component exists 
[94, 95].

Gastric choriocarcinomas are rare tumors, 
accounting for approximately 0.08 % of all gas-
tric cancers [105]. They are usually associated 
with a gastric adenocarcinoma (70 %) [105], 
sometimes with a transition between both com-
ponents. Choriocarcinoma arises from adenocar-
cinoma as a phenomenon of tumor heterogeneity, 
as shown by the presence of identical TP53 muta-
tions and similar genomic imbalances in both 
gastric adenocarcinomas and coexisting chorio-
carcinoma [106, 107]. The existence of pure 
forms could be explained by an overgrowth of the 
choriocarcinomatous area [108]. Heterogeneity 
is reflected by cases of pure gastric adenocarci-
noma with choriocarcinomatous metastases. 
Moreover, in examples of gastric adenocarci-
noma with choriocarcinomatous areas, a diver-
gent pattern of metastases of both components 
has been observed [108]. Other differentiated 
patterns of GCT such as YST [106], hepatoid 
[109], or neuroendocrine components [110] can 
occur in association with gastric 
choriocarcinoma.

Gastric choriocarcinomas occur in the same 
age groups as adenocarcinoma and present as 
grossly bulky masses [108] with a necrotic and 
hemorrhagic appearance, an average size of 7 cm 
(range 2–18 cm), and a location similar to gastric 
adenocarcinoma [105]. Clinical symptoms 
include gynecomastia, precocious puberty, and, 
especially, gastrointestinal bleeding [108]. 
Endoscopic biopsies are rarely diagnostic due to 
the necrotic and hemorrhagic quality of these 
tumors [105, 111]. Although gastric choriocarci-
nomas show elevated serum β-hCG, the diagno-
sis of choriocarcinoma must be histopathological, 
since raised β-hCG has also been observed in 
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otherwise conventional gastric adenocarcinomas 
without choriocarcinomatous features [112].

Gastric choriocarcinomas usually infiltrate 
beyond the muscularis propria; thus, they are fre-
quently diagnosed at an advance stage with the 
presence of metastases to the lymph nodes (68–
87 %), liver (45–66 %), peritoneum (15–23 %), 
or lung (8–28.3 %) [105, 111]. Hepatic failure 
due to tumor metastasis (29 %) is considered the 
most frequent cause of death in these patients 
[105]; gastric choriocarcinomas have a poor 
prognosis with most deaths occurring within 
6 months of diagnosis [105, 108].

YST and AFP-producing gastric carcinomas 
have been found in association with fetal gastro-
intestinal, fetal hepatic, and yolk sac tumor dif-
ferentiation [113, 114]. Gastric adenocarcinoma 
histology overlaps with both endodermal primi-
tive and somatic YST growth patterns such as 
hepatoid and glandular gastrointestinal [4]. 
Additionally, some AFP-producing gastric carci-
nomas coexpress glypican-3 as well as pluripo-
tency/stem cell factors such as SALL4 [115], 
thus revealing a YST immunophenotype [116]. 
This suggests that endodermal differentiation 
plays a major role in these tumors through repro-
gramming and later transdifferentiation [117]. 
AFP-producing gastric carcinomas account for 
2.7–5.4 % of all carcinomas of the stomach [115], 
occurring most often in men, with an average age 
of 61. They have the same topography as conven-
tional gastric adenocarcinoma [118], but they 

have been also reported in association with 
Barrett’s esophagus [119].

As previously mentioned, AFP-producing 
gastric carcinomas present a variable combina-
tion of histological patterns of endodermal dif-
ferentiation. Clear cell areas are considered to 
represent a differentiation into fetal gut (Fig. 
11.2) [115]. Hepatoid differentiation is the most 
characteristic pattern [120] and can represent 
more than 50 % of the tumor [114]. Hepatoid 
areas express AFP (80 %), glypican-3 (56 %), 
HepPar-1 (69 %), SALL4 (47 %), as well as pal-
ate, lung, and nasal epithelium protein (16 %), 
neuroendocrine markers, polyclonal CEA and 
have a reduced CDX2 expression [114, 120–
122]. Thus, hepatoid AFP-producing clear cell 
gastric carcinomas mimic hepatocellular carci-
noma and combined hepatocellular- 
cholangiocarcinoma metastases, especially when 
accompanied by a conventional gastric adenocar-
cinoma component. Although SALL4 was ini-
tially considered a helpful marker in 
differentiation, due to its expression in the former 
and its absence in the latter [114, 115], recent 
studies refute this idea, relating the presence of 
SALL4 simply to stem cell pluripotentiality fea-
tures and poor prognosis [123] (see Sect. 11.7).

Hepatoid AFP-producing gastric carcino-
mas are aggressive tumors with a short median 
overall survival time (6 months) and low 3-year 
survival rate (22.6 %) [122]. Indeed, a morpho-
logical analysis of AFP-producing gastric car-

a b

Fig. 11.2 (a) Clear cell adenocarcinoma of the stomach showing characteristic polyhedral vacuolated cells intensely 
positive for AFP (b)
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cinomas revealed that although these tumors 
usually contain a variable proportion of con-
ventional adenocarcinomas, they also have 
glandular YST and hepatoid areas that seem 
related to a capacity for submucosal invasion 
and a more advanced stage [118]. Pure gastric 
YST is extremely rare; invariably it has been 
described in combination with adenocarci-
noma [106, 124–127]. Clinically, AFP-
producing gastric carcinomas are aggressive 
neoplasms with high rates of lymphatic 
(72.2 %) and venous invasion (88.9 %), lymph 
node metastases (72.2 %), and synchronous or 
metachronous liver metastases (63.9–75.6 %) 
[118, 121]. In our experience, metastases to the 
ovary, especially when they are unilateral, can 
prompt a misdiagnosis of primary ovarian 
YST.

Histogenetically, these tumors belong to type 
VI in the Oosterhuis and Looijenga classification 
of pluripotential tumors.

11.4  Retroperitoneum

Although the retroperitoneum has been classi-
cally considered a location for EGGCTs 
(1–6.4 %) [128, 129], including teratomas 
[128], choriocarcinomas [130] YST [129], and 
seminomas [131], probably most retroperitoneal 
GCTs in postpubertal patients are metastases 
from primary gonadal lesions, rather than pri-
maries [131]. Diagnostic criteria for rare pri-
mary retroperitoneal EGGCT include an 
encapsulated neoplasm without lymph node 
involvement or a high retroperitoneal neoplasm 
with adjacent lymph node involvement but no 
tumor in the lower aortic, iliac, or pelvic lymph 
nodes [132]. Testicular GCTs metastatic to ret-
roperitoneum are covered in Chaps. 7 and 10.

11.5  Spleen

Only rare examples of primary splenic GCT have 
been reported and are restricted to clinical and 
radiological case reports with incomplete histol-
ogy [133, 134]. Splenogonadal fusion may be 

associated with concomitant GCT such as embry-
onal carcinoma and seminoma [135].

11.6  Pancreas

The retroperitoneal location of the head, neck, 
and body of the pancreas can be a source of con-
fusion in the diagnosis of primary pancreatic 
EGGCTs, and a possible infiltration by a retro-
peritoneal EGGCT into the pancreas must always 
be ruled out. However, rare pancreatic EGGCTs 
have been reported to date; almost all are terato-
mas [136–140].

Pancreatic teratomas have been described pre-
dominantly as cystic masses in the head, neck, 
body, tail, or uncinate process in patients with an 
age range from 4 months to 74 years [137, 138]. 
Male to female ratio is 1.5:1 and most tumors are 
larger than 2 cm [138]. Pancreatic teratomas are 
usually symptomatic, causing nausea, vomiting, 
anorexia, weight loss, fatigue, fever, and abdomi-
nal and back pain [137, 141]. Histologically, 
most teratomas reported are cystic lesions with a 
squamous lining epithelium, sebaceous struc-
tures, and lymphoid and connective tissue, 
although other combinations of ectodermal, 
endodermal, and mesodermal elements have 
been described, including an immature teratoma 
[142].

Teratomas should be distinguished from a 
broad spectrum of pancreatic cystic lesions such 
as lymphoepithelial and epidermoid cysts arising 
in an intrapancreatic accessory spleen, ciliated 
foregut cyst [143], and mucinous cystic neo-
plasms [138].

Three cases of choriocarcinoma with seem-
ingly incomplete clinicopathological evaluation 
have been reported [144–146]. Additionally, 
three cases of pancreatic YST have been reported 
and were radiological studied with minimal his-
tological detail. Two were aggressive with hepatic 
and lymph node metastases and elevated AFP 
serum levels. The third was a mixed GCT with a 
teratomatous component in a pediatric patient 
[136, 139, 147].

Only metastases of seminoma to the pancreas 
have been reported [148].
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11.7  Liver

Primary teratomas of the liver account for less 
than 1 % of hepatic tumors, with approximately 30 
reported cases [149, 150]. They occur in children, 
the majority females below the age of 3 [149]. 
Hepatic teratomas are usually incidental findings 
[149] and often located in the falciform ligament 
[151], where they may become as large as 20 cm 
[150] and cause florid symptomatic cholangitis 
[152]. Teratomatous tissues may be associated 
with aggressive neuroendocrine tumors [153] and 
with a small proportion of hepatoblastomas [154], 
and some are chemotherapy related [155]. They 
are variably intermixed or in abrupt transition with 
hepatoblastoma tissue [150, 156, 157]. However, 
the presence of mesenchymal components such as 
osteoid, mesoblastic-like myxoid areas, smooth 
muscle cells, and squamous epithelium alone does 
not justify a diagnosis of teratoid hepatoblastoma 
[155]. The immunohistochemical expression of 
AFP, glypican-3, HepPar-1, and SALL4 [158] in 
hepatoblastomas is shared with YST, pointing 
toward an overlapping histology and phenotype 
among embryonal endodermal tumors.

Hepatic choriocarcinomas have been reported 
in both adults and children [159, 160]. Clinically, 
choriocarcinoma syndrome is defined by a mas-
sive spontaneous hemorrhage of choriocarcino-
matous nodules [161] in visceral extragonadal 
locations such as the liver and lung; rupture may 
occur which could cause a potentially lethal 
hemoperitoneum [162] related to the invasion of 
small blood vessels [71]. In such cases, diagnosis 
of hepatic choriocarcinoma is difficult; there is a 
substantial risk of hemorrhage if a needle biopsy 
is performed; furthermore, this may yield only 
blood and necrotic tissue.

YST, hepatocellular carcinomas, and hepatoid 
adenocarcinomas. Only 20 cases of primary 
hepatic YST have been reported [163, 164]; this 
is not surprising as it is a challenging diagnosis 
due to the remarkable similarities of YST and 
pure or predominant endodermal somatic pat-
terns (i.e., hepatoid, glandular) [4] and hepatocel-
lular carcinoma, sharing many histological 
features, such as a trabecular pattern, hematopoi-
esis, hyaline globules, and bile secretion. 

Moreover, pure or mixed hepatoid gastric carci-
nomas, which frequently metastasize to the liver, 
sometimes have a hepatoid component (see Sect. 
11.3) which is indistinguishable from hepatoid 
YST. Immunohistochemically, these lesions 
coexpress markers such as AFP, glypican-3 [116], 
and HepPar-1 [165]. Although SALL4 was ini-
tially described as a marker of fetal gut differen-
tiation, thus supporting the diagnosis of YST and 
hepatoid gastric adenocarcinoma versus hepato-
cellular carcinoma [115], later studies have 
shown conspicuous SALL4 expression in the lat-
ter, associated with a poor prognosis [123, 165].

In conclusion, some forms of hepatoblastoma, 
hepatoid gastric adenocarcinoma, hepatocellular 
carcinoma, and metastatic hepatoid gastric ade-
nocarcinoma constitute similar entities sharing a 
common endodermal differentiated phenotype 
identical to differentiated, somatic YST.

11.8  Adrenal Gland

Approximately 20 primary teratomas have 
been reported in the adrenal gland. They 
account for 0.7–3 % of primary adrenal tumors 
[166–168] and are more frequent in infants or 
children, occurring only rarely in adults. The 
age of presentation ranges from 2 to 62 years, 
with a median age of 31 [168, 169]. They are 
more often located on the right side [170], and 
the male to female ratio is approximately 1:2 
[169]. They are usually asymptomatic, 
although they may cause abdominal distension, 
intestinal obstruction, abdominal or low back 
pain [171], or torsion. If rupture occurs, a leak-
age to the abdominal cavity is possible, caus-
ing a granulomatous reaction with adhesions, 
hemorrhage, and finally shock [169]. Primary 
adrenal teratomas have been described mostly 
as cystic voluminous masses with a maximum 
size of 38 cm [169], with no reports of any 
immature variants. Since some teratomas may 
have an extensive adipose tissue component, 
the differential diagnosis should include other 
adrenal lipomatous tumors such as myeloli-
poma, lipoma, and angiomyolipoma [166–
168]. As in the pancreas, it is necessary to 
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discard a primary retroperitoneal origin for 
these lesions.

No cases of YST, seminoma, or other malig-
nant GCT have been reported in the adrenal 
gland.

11.9  Kidney

Around 30 cases of renal teratomas have been 
reported [172–182]. In a recent review, they com-
prised 0.19 % of all kidney tumors [179]. The age 
of presentation spans from 6 weeks to 71 years, 
with no gender predilection, and tumor sizes 
range from 3.5 to 12 cm. As in other locations, 
renal teratomas are occasionally related to devel-
opmental disorders such as renal dysplasia [175, 
180] and ectopic [174] or horseshoe kidney [172, 
173, 178, 181].

Similarly to the testis and ovary [183], at least 
ten examples of carcinoid tumor associated to 
teratoma have been reported in the kidney [172, 
173, 176, 181], with a concurrent horseshoe kid-
ney in some [172, 173, 181] and one synchro-
nous clear cell renal cell carcinoma [181]. 
Clinically, retroperitoneal teratomas with sec-
ondary kidney invasion may be mistaken for 
renal primaries.

Primary immature teratomas should be differ-
entiated from teratoid Wilms tumor. This nephro-
blastoma variant shows a predominance of 
mature heterologous elements composed of adi-
pose, epithelial tissue (Fig. 11.3), skeletal mus-
cle, and cartilage, rarely with neural 
differentiation [184]. They should be differenti-
ated from ovarian immature teratomas with 
metanephric areas.

There are some reports of parenchymal renal 
choriocarcinomas [185, 186] that may have a 
gestational origin, as demonstrated by the pres-
ence of paternal DNA [290]. Clear cell and uro-
thelial carcinomas with trophoblastic components 
may occur [187, 188].

Only four instances of primary renal YST 
have been reported [177, 187, 189, 190], one 
showing venous invasion [190]. Urothelial 

tumors of the pelvis may present a prominent 
glandular YST component that may adopt a pap-
illary pattern reminiscent of papillary renal carci-
noma (Fig. 11.4) [187], representing type VI 
tumors. No seminomas have been reported in the 
kidney.

11.10  Prostate, Seminal Vesicles 
and Serosal Cavities

The prostate is a rare location for EGGCT 
where characteristic gonadal type II GCT, are 
found, including seminoma, mixed GCT, YST, 

Fig. 11.3 Wilms tumor elements coexisting in this field 
with intestinal type mucinous epithelium. Elsewhere, 
numerous neural rosettes and cartilage were present

Fig. 11.4 Papillary glandular YST in the renal pelvis 
simulate papillary renal cell adenocarcinoma
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and teratoma. They probably originate from 
primordial germ cells trapped on their migra-
tory path in the developing prostate. This pos-
sibility is also true for serosal GCTs, including 
pericardium (Fig. 11.5) [191, 192], peritoneum, 
omentum, etc. [193–196]. In teratomas of peri-
toneal locations, the possibility of an ovarian 
parasitic mature cystic teratoma must be 
excluded [197].

Fifteen prostatic GCTs have been reported 
to date [198, 199] presenting with a median 
age of 40.8 years. They are usually large 
masses (5–10 cm) that occupy the totality of 
the prostate gland and frequently invade adja-
cent structures (bladder neck, seminal vesi-
cle). Clinical symptoms include hematuria, 
dysuria, obstructive symptoms, hematosper-
mia, and pelvic pain. A curious association 
with Klinefelter syndrome (also see Chap. 3), 
which is more frequently related to mediasti-
nal GCTs (see Chap. 8), has been reported 
[199]. Indeed, according to some authors, a 
diagnosis of EGGCT in a young male patient 
should be followed by a clinical/genetic  
work-up for Klinefelter syndrome [154]. 
Histologically, the reported cases are pure 
seminomas, YST, teratomas, and mixed GCT, 
one of which with embryonal carcinoma. A 
further case was associated with angiosarcoma 

as a somatic malignant change [198]. Two 
seminomas were initially misdiagnosed as 
prostatic adenocarcinoma and rhabdomyosar-
coma [200]. Prostatic invasion from testicular 
GCT is rare event [201–203].

11.11  Urinary Bladder

Teratomas also occur in the urinary bladder with 
at least ten cases reported [204]. They are some-
times associated with a rectovesical fistula with 
hypospadias and bladder diverticulum. Clinical 
symptoms may include the alarming occurrence 
of pilimiction (trichiura), that is, passing hairs 
in the urine [205], more frequently due to an 
ovarian benign cystic teratoma fistula into the 
bladder.

As previously noted, the reported cases of 
primary choriocarcinoma of the urinary bladder 
[206–208] are examples of the much more 
common diffuse or focal trophoblastic differen-
tiation in an otherwise usual urothelial carci-
noma, which may present elevated serum and 
urine levels of hCG. A choriocarcinomatous 
tumor of the bladder showed an excess of cop-
ies in 12p on molecular analysis, being inter-
preted as a sign of i(12p) mutation and thus 
justifying a diagnosis of primary vesical cho-
riocarcinoma [208]. However, a recent genomic 
study highlighted similar 12p gains in urothe-
lial carcinomas [209].

Two vesical YST, excluding those in the ura-
chus, have been reported, one in a 1-year-old 
patient [210] and the other, which had an unusual 
presentation, in a 31-year-old female [211]. We 
have seen one instance of urothelial carcinoma 
associated with glandular YST (Figs 11.6a–c). In 
these cases, the glandular component should be 
differentiated from adenocarcinoma. When asso-
ciated with urothelial carcinoma, they represent 
type VI tumors.

Hepatoid carcinomas have been reported in 
the bladder, and they should be differentiated 
from hepatoid YST [212].

Fig. 11.5 Pericardial immature teratoma in an infant 
with marked neural differentiation
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11.12  Urachus

The urachus is a 5–6 cm vestigial remnant of the 
human allantois. The latter is an endodermal 
evagination of the developing hindgut which 
becomes surrounded by the mesodermal connect-
ing stalk; thus, the urachus may represent a struc-
ture retaining some degree of pluripotency. Nine 
GCTs have been reported in the urachus: three 
YST and six teratomas [213–216].

The six reported cases of teratoma affected 
females between 8 and 53 (median age, 26 years), 
presenting as urachal cysts or sinuses, with a 
benign histology [216]. Interestingly, one of the 
patients presented an associated anti-N-methyl- 
D-aspartate receptor autoimmune encephalitis, a 
clinical complication often reported in associa-
tion with teratomas [217, 218].

YST of the urachus presented as large infra-
umbilical masses (12–19 cm) in two children 

(7 months and 2 years) [213, 214] and in a 
44-year-old woman [215], with a connection to 
the urinary bladder dome by a pedicle.

11.13  Other Miscellaneous Sites

Teratomas have been reported in the anorectal 
region [219], vermiform appendix [220], biliary 
tree [221], gallbladder [222, 223], bone [224], small 
bowel [225], and large bowel [226, 227], including 
a fetiform teratoma associated with the intestinal 
duplication [228], penis [229], and skin [230, 231].

Several cases of carcinoma with choriocarci-
nomatous features have been described in other 
locations such as the breast [232], skin [233], 
gallbladder [234], jejunum [235], colon [236], or 
rectum [237].

Apparent primary YST have been reported in 
the biliary tree [238] and penis [239].

a

c

b

Fig. 11.6 (a) High-grade urothelial carcinoma with branching glandular formations of YST. (b) Interface between high-
grade urothelial carcinoma and glandular YST with characteristic vacuolation. Glandular areas overexpress AFP (c)
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Somatic-Type Malignancy in Germ 
Cell Tumors

Nooshin K. Dashti and Rafael E. Jimenez

12.1  Introduction

The presence of somatic-type malignancy (STM) 
within a preexisting germ cell tumor (GCT) is 
defined as a GCT that “develops a distinct sec-
ondary component that resembles a somatic-type 
malignant neoplasm, as seen in other organs and 
tissues (e.g., sarcomas and carcinomas)” [1]. In 
the literature it is also referred to as “teratoma 
with secondary malignant component,” [2] “non- 
germ cell malignancy,” or more recently and 
appropriately “STM arising from GCT” (STM- 
GCT) [3]. The term “teratoma with malignant 
transformation” is discouraged, particularly in 
the setting of testicular GCT, as it would imply a 
benign nature of the background teratoma. The 
phenomenon of STM-GCT impacts both the 
prognosis and the management of patients with 
germ cell neoplasms, and its recognition is of 
utmost importance.

STM has been described in a wide spectrum 
of GCT. Its occurrence in benign mature cystic 

teratomas of the ovary (type IV GCT of the 
Oosterhuis and Looijenga classification [4]) 
has been long recognized. It is also a known 
complication of mixed GCT (type II GCT) of 
the testis, where it is most frequently associ-
ated with a postpubertal-type teratoma compo-
nent. The development of a high-grade sarcoma 
is a well- known albeit infrequent complication 
of spermatocytic tumor (type III GCT). Finally, 
its occurrence in type I (prepubertal type tera-
tomas) has been reported, and it may be actu-
ally more common than thought, as the 
recognition of this type of GCT in postpubertal 
patients is rather recent. STM may occur at the 
primary site, at metastatic sites, or at both sites, 
and it has been reported both in gonadal and 
extragonadal GCT. The frequency, pathogene-
sis, clinical presentation, and prognostic and 
therapeutic implications of STM-GCT vary 
depending on the abovementioned scenarios 
(Table 12.1).

12.2  Pathogenesis

The pathogenesis of STM is a matter of debate. 
The most accepted theory is that STM arises from 
corresponding somatic elements in teratomas, 
given that in this GCT type, somatic differentia-
tion has already occurred, independently of 
whether it is originally benign (as in ovarian or 
prepubertal testicular teratomas) or already  
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malignant (as in postpubertal testicular teratomas) 
[1, 5]. Coexistence of teratoma and STM in the 
majority of reported cases supports this hypothe-
sis. Anomalies of chromosome 12, notably dupli-
cation of the short arm of chromosome 12 
(isochromosome 12p), a hallmark of invasive 
type II GCT, have been documented in somatic 
malignancies arising from teratoma, either at the 
primary site or metastatic location (Fig. 12.1) [6–
8], and in gonadal and extragonadal tumors [9]. 
This finding is also well documented in hemato-
logic malignancies derived from mediastinal GCT 
[10–14]. Similarly, the classical finding of homo-
zygosity (isodisomy) of mature cystic ovarian 
teratomas has been demonstrated in somatic ade-
nocarcinomas arising within them [15]. This evi-
dence supports the notion of a metachronous 
origin of STM from an already neoplastic germ 
cell. The somatic malignancy thus likely arises 
from the activation of oncogenes that normally 
play a role in the development of these tumors at 
their normal sites. For example, rearrangements 
of chromosome 2, region 2q34–37, present in 
rhabdomyosarcomas [16], have been also identi-
fied in the rhabdomyosarcoma component of 
STM [17]. Similarly, genetic alterations in 11q24, 

which have been frequently reported in Ewing’s 
sarcoma and PNET, were found in a case of PNET 
arising from a GCT [17]. Chromosome 5 abnor-
malities such as del(5q), classically associated 
with hematologic malignancies, have been identi-
fied in leukemias originating from GCT [11, 17]. 
Finally, loss of heterozygosity reported at 11p13 
locus in Wilms’ tumor has been identified in a 
nephroblastoma arising from testicular GCT [18]. 
Thus, it appears that the molecular mechanisms 
associated with neoplastic progression of usual 
somatic malignancies are also common in those 
arising from germ cell neoplasia. It is not clear 
whether the triggers of these mechanisms are the 
same ones as in regular sites or whether they dif-
fer among the different cells of origin and loca-
tions of teratomas. Senescence of tissues may 
explain the development of STM in certain cases, 
particularly those associated with benign 
GCT. STM in benign cystic teratomas of the 
ovary, for example, is more often diagnosed in the 
fifth to sixth decade of life [19], which contrasts 
with the usual presentations of these tumors in 
adolescence and early adulthood, suggesting that 
a certain elapsing time is necessary for the activa-
tion of these oncogenetic mechanisms.

Fig. 12.1 Isochromosome 12p in metastatic adenocarcinoma (same patient as Fig. 12.3). The tumor cells had two cop-
ies of 12p (red dots) attached to the centromere (green dot), as identified with fluorescent in situ hybridization

12 Somatic-Type Malignancy in Germ Cell Tumors
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Another mechanism of development of STM- 
GCT is the overgrowth of immature elements. 
While the presence of immature tissue elements 
is relatively common, particularly in type II GCT, 
an expansile growth of these primitive tissues is 
associated with more aggressive behavior and 
metastases from the overgrown component. 
Examples of primitive tissues that may show 
overgrowth include neuroepithelium, rhabdo-
myoblasts, and nephrogenic blastema, and thus, 
when present, a diagnosis of primitive neuroecto-
dermal tumor (PNET), rhabdomyosarcoma, or 
nephroblastoma, respectively, is considered. The 
definition of “overgrowth” is arbitrary and has 
been traditionally defined in type II testicular 
tumors as a low-power field (40x) of pure imma-
ture elements [1]. However, while this definition 
appears necessary in type II tumors where imma-
ture elements are frequently part of the spectrum 
of tissues present in these teratomas, the presence 
of any amount of developmentally immature tis-
sue, in particular neuroepithelium, is considered 
an adverse finding in ovarian teratomas [20, 21]. 
Interestingly, the presence of these immature ele-
ments, even if extensive, has not been historically 
considered STM at these sites but rather evidence 
of “immaturity.” Regardless, the finding is fre-
quently associated with a far more aggressive 
clinical behavior than the original teratoma.

The occurrence of STM in patients that lacked 
teratomatous component in their primary or met-
astatic GCT has prompted other histogenetic 
theories [17, 22–28]. Some studies have sug-
gested yolk sac tumor (YST) origin as an alter-
native in these cases [3, 23, 29–31]. Spindle cell 
sarcomas may arise from sarcomatoid YST by a 
process of epithelial to mesenchymal metapla-
sia. Similarly, some intestinal-type adenocarci-
nomas may arise of progressive differentiation 
of glandular YST [3]. The development of a 
high- grade sarcoma component is also a rare 
complication of spermatocytic tumors, an 
uncommon scenario where this tumor is associ-
ated with malignant clinical behavior (see also 
Chap. 7) [32]. The mechanism by which these 

GCT develop a somatic phenotype is unknown 
but is likely related to the pluripotential nature of 
germ cells and the activation of differentiation 
pathways.

The role of chemotherapy in the pathogenesis 
of STM-GCT, specifically in patients with type II 
GCT, is not clear. The majority of cases of STM 
occur in the metastatic and post-chemotherapy 
setting [3]. However, the extended use of chemo-
therapy in current management of GCT increases 
the number of patients with STM who have pre-
viously received chemotherapy. Additionally, 
STM occurs also in patients that did not receive 
chemotherapy [3, 17, 22, 33]. The presence of 
STM in metastatic sites without a corresponding 
counterpart in the primary site has led authors to 
propose the development of STM from totipoten-
tial germ cells at the metastatic site [25, 34]. By 
destroying the more aggressive tumor compo-
nents, chemotherapy may select the more indo-
lent slow-growing elements, which after further 
genetic changes may be responsible for the for-
mation of biologically aggressive STM and late 
recurrence of GCT [3, 35]. Hematologic malig-
nancies arising from mediastinal GCT were 
thought to be due to chemotherapy or radiation 
for a long time. Occurrence of hematologic 
malignancies in patients that did not receive irra-
diation or chemotherapy argues against this state-
ment [11, 13, 36]. Further, in contrast to 
treatment-related leukemia, these GCT-derived 
somatic-type hematologic malignancies develop 
earlier [37]. Similarly, STM associated with 
intracranial GCT was thought to be treatment 
related. Documented STM in treatment-naïve 
GCT and the relatively brief interval between ini-
tial diagnosis and transformation supports an ori-
gin independent of therapy. Despite theories such 
as partial differentiation of totipotential germ 
cells with concomitant malignant transformation, 
tumor arising from differentiated teratomatous 
elements [23], or dedifferentiation similar to the 
phenomenon that occurs in liposarcoma and 
chondrosarcoma [32], the transformation mecha-
nism remains unsettled.
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12.3  Histologic Diagnosis

Recognition of a malignant somatic component 
in GCT depends on the type of malignant com-
ponent. In general, carcinomatous malignancies 
are recognized by usual morphologic criteria 
applied to carcinomas in other locations. Overt 
cytological atypia, brisk mitotic activity, infil-
trative and confluent growth, desmoplastic reac-
tion, and invasive borders are part of such 
criteria. These criteria are more easily recogniz-
able when the background GCT is benign. 
However, recognizing these features may prove 
problematic in the background of a type II GCT, 
as some elements interpreted as somatic may 
actually correspond to variants of these GCT, 
particularly YST. Non- seminomatous GCT 
usually have a prominent, reactive stroma, 
which may be confused with desmoplasia. 
Additionally, the inherent cytologic atypia 
invariably present in teratomatous elements of 
type II tumors makes the recognition of a carci-
nomatous component more difficult [27]. Thus, 
the addition of a quantitative criterion in carci-
nomas may be useful to establish a diagnosis of 
STM in the setting of type II neoplasms [1, 3]. 
Similarly, because the morphologic features of 
some sarcomas overlap with normal embryonal 
or fetal tissue frequently present in teratomas, 
particularly in type II GCT, it is necessary to 
establish additional criteria for the diagnosis of 
a somatic mesenchymal or neuroectodermal 
malignancy arising in a GCT. As stated above, 
the most commonly used criterion is the pres-
ence of an expansile component exclusively fill-
ing at least one low-power microscopic field 
(40× magnification) [1, 3]. Thus, for example, a 
nodule composed of embryonal-appearing skel-
etal muscle would be considered part of a tera-
toma if it involves less than one low-power field, 
while it would be considered rhabdomyosarco-
matous transformation if the nodule involves a 
larger area. Even in the setting of high-grade 
stromal atypia, most authors favor needing a 
quantitative criterion to diagnose a stromal 

somatic malignancy [3, 23]. Melanocytic and 
hematologic neoplasms are usually diagnosed 
by extrapolating diagnostic criteria applied 
elsewhere.

12.4  STM in Type I GCT

The occurrence of STM in pediatric teratomas is 
well documented. Biskup et al. reported on nine 
cases of STM associated with pure teratomas 
(two sacrococcygeal and seven ovarian tumors) 
[38]; eight of the nine were children and adoles-
cents. Another series reported 14 cases of STM 
in children and adolescents [39]. While based on 
the age of the patients and described histology, 
some of their cases may correspond to type II and 
type IV tumors; at least some of them were likely 
type I. STM histologies reported in these series 
included adenocarcinomas, rhabdomyosarcoma, 
other sarcomas, neuroendocrine carcinoma, 
astrocytoma, and neuroblastoma. Sites included 
ovary, retroperitoneum, sacrococcygeal, and 
mediastinal. One interesting case of an adenocar-
cinoma arising in a testicular dermoid cyst in a 
52-year-old patient was reported [40]. The patient 
had had the testicular mass since childhood and 
developed sudden enlargement of the mass and 
metastatic disease. The depicted pathology is 
classical of dermoid cyst and convincingly shows 
the adenocarcinoma arising from mucinous epi-
thelium within the teratoma. The presence of the 
mass since childhood, aside from being consis-
tent with a type I neoplasm, underscores the 
importance of senescence in the development of 
STM in this setting. A metastasizing PNET has 
been reported arising in an immature teratoma of 
a 20-month-old [41]. As stated, STM in type I 
GCT may occur more frequently than thought, as 
the occurrence of type I tumors in postpubertal 
patients has only been recently recognized [42], 
and reported series do not allow to confidently 
separate type II from type I teratomas. For exam-
ple, in a series of GCT associated with sarcoma-
tous STM, three patients with a sarcomatous 
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component had testicular tumors that encom-
passed exclusively teratomatous elements and 
thus could have represented type I neoplasms 
[34]. The overlapping morphology between type 
I and type IV tumors makes this issue even more 
likely when dealing with ovarian neoplasms [4].

12.5  STM in Type II GCT

12.5.1  Testicular Tumors

By far, the majority of cases of STM occurring in 
type II tumors correspond to testicular neoplasms 
and is in this setting where most of the experi-
ence with this phenomenon has been developed. 
The incidence is estimated to range from 3 to 
6.6 % [17, 23, 43, 44]. In one of the earliest stud-
ies [43], 580 GCT were reviewed, and teratoma 
with “malignant transformation” was found in 17 
cases, while in another study [23] teratoma with 
STM was identified in 11 cases of a total of 269 
GCT reviewed. In a later series [24], of 607 GCT 
reviewed, 21 patients had teratoma with STM; 11 
cases (54 %) of those had STM in the primary 
tumor. Thus, STM may develop either in the pri-
mary GCT or in a metastatic deposit and may 
develop in treatment-naïve tumors or in the post-
chemotherapy setting.

The majority of cases of STM-GCTs have an 
associated teratoma component; however, up to 
30 % may not have a recognizable teratoma nei-
ther in the primary nor in the metastatic tumor 
[3]. In a recent series, both glandular and spindle 
cell tumors had intermediate morphologic and 
immunophenotypic features between glandular 
and sarcomatoid YST and somatic adenocarcino-
mas and sarcomas, respectively [3]. This sug-
gests that at least a proportion of STM-GCT 
cases may arise from YST. This would not be sur-
prising, given the morphologic plasticity of YST.

Sarcomas, particularly rhabdomyosarcomas, 
are the most common STM to be reported in 
type II neoplasms (Fig. 12.2). In a recent series 
from five institutions, sarcomas represented 
37 % of cases of STM, with rhabdomyosarco-
mas representing 13.5 % of the total [33]. Other 

sarcoma histologies reported include leiomyo-
sarcoma, myxoid liposarcoma, chondrosar-
coma, and malignant peripheral nerve sheath 
tumor. However, some of these sarcomas may 
actually correspond to sarcomatoid YST and 
thus do not represent true STM. In a recent 
study, of 68 sarcomas, 24 were reclassified as 
sarcomatoid YST and five as sarcomatoid car-
cinomas [3]. Adenocarcinomas (Fig. 12.3) are 
the most common  epithelial neoplasms, repre-
senting 16 % of cases in the series mentioned 
above [33]. Other carcinomas include squa-
mous cell carcinoma, neuroendocrine carcino-
mas, renal cell carcinoma, and hepatocellular 
carcinoma. While carcinoid tumors are cur-
rently classified as a type of monodermal tera-
toma [1], an alternative approach would be to 
consider them as a form of STM. PNET are also 
common, representing 31 % of cases in the 
abovementioned series (Fig. 12.4) [33]. Other 
primitive tumors include neuroblastoma and 
nephroblastoma (Fig. 12.5). Mixed histologies 
are also encountered. A detailed list of reported 
histologies in STM of the testis is presented in 
Table 12.2.

The type of histology impacts the prognosis. 
Rhabdomyosarcoma histology is associated with 
a better prognosis, while PNET is associated with 
the worst [33]. Elapsed time between diagnosis 
of the GCT and the diagnosis of STM appears to 
correlate with histology of STM. The vast major-
ity of PNET and rhabdomyosarcoma are diag-
nosed concomitantly to or within two years of 
GCT diagnosis, while most adenocarcinomas are 
diagnosed after two years of diagnosis of the 
GCT [22, 33, 55]. This suggests that senescence 
and perhaps exposure to therapy may be more 
important risk factors in the development of epi-
thelial STM and less important in the develop-
ment of sarcomatous or primitive histologies. 
Correlation between grade of STM and aggres-
sive behavior is controversial. One series did not 
find a correlation with prognosis according to the 
grade of glandular tumors but did find it with sar-
comas [3], while another one did not find a 
 difference in behavior between low- and high-
grade sarcomas [34].
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Overall, the presence of STM confers 
patients with a detrimental impact on survival 
across all stages. Clinical stage I and metastatic 
good-risk patients with STM-GCT had approx-
imately 10 % and 20 % reduction in overall sur-
vival, respectively, compared to patients with 
pure GCT [33]. However, the site where STM is 
present is also important. STM present in pri-
mary tumors is associated with better prognosis 
than STM developed in metastatic deposits [2, 
56]. Partially reflecting this, elapsed time from 

diagnosis of GCT to diagnosis of STM also 
impacts prognosis, with the best prognosis 
associated with STM diagnosed at the same 
time as the GCT [33]. The presence of STM 
diagnosed after therapy for GCT is associated 
with dismal prognosis, particularly if devel-
oped more than two years after GCT diagnosis 
[3, 33]. This is particularly significant, since 
STM-GCT represent approximately 23 % of 
late recurrences (i.e., after two years) in patients 
with testicular GCT [35, 57]. Patients who do 

Fig. 12.2 Rhabdomyosarcoma, occupying more than one low-power field of this teratoma. Inset: high-power view, 
revealing polygonal to spindle-shaped cells with hyperchromatic nuclei and cytoplasmic cross striations
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Fig. 12.4 Primitive neuroectodermal tumor, small round blue cells in broad sheets, occupying more than one low- 
power field. Inset: higher-power view shows occasional rosette formation

Fig. 12.3 Adenocarcinoma in retroperitoneal lymph 
nodes, 23 years after a diagnosis of mixed germ cell 
tumor. Tumor associated with abundant extracellular 

mucin. Inset: high-power view showing intracellular api-
cal mucin in the neoplastic cells. (Same patient as Fig. 
12.1)
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not respond to initial therapy, experience 
relapse, or have metastatic or disseminated dis-
ease have poor prognosis [2, 22, 58].

12.5.2  Ovarian Tumors

The published experience with STM in ovarian 
type II GCT is limited to occasional case reports. 
This, however, may be a reflection of the much 
more uncommon occurrence of these tumors in 
the ovary, compared to the testis. Type II GCT 
can usually be inferred if the STM arises in a 
background of a mixed GCT or associated with 
non-teratomatous elements, like dysgerminoma. 
Similarly to the testicular counterpart, the 
majority of the reported histologies correspond 
to sarcomas. These include a case of a 33-year-
old with an ovarian dysgerminoma associated 
with a fibrosarcoma component [59], a case of 
dysgerminoma with a rhabdomyosarcoma in a 
14-year- old girl [60], and another case of rhab-
domyosarcoma in a 23-year-old associated with 
dysgerminoma and teratoma [61]. Additionally, 
in the series of sarcomatous STM-GCT men-
tioned above [34], two of the three ovarian GCT 
with STM contained mixed germ cell elements, 

including mature  teratoma and embryonal carci-
noma with leiomyosarcoma, and dysgerminoma 
and immature teratoma with rhabdomyosar-
coma. Collective evidence on this particular set-
ting is quite scarce to draw significant 
conclusions about prognosis and treatment. 
Further, published series not always include 
enough information to allow retrospective iden-
tification of a type II teratoma and differentiate 
it from a type I or type IV teratoma or to exclude 
the possibility of its occurrence in a phenotypic 
female with an underdiagnosed Y chromosome 
mosaicism (see Chap. 6).

12.6  STM in Type III GCT

Spermatocytic tumors (ST) are rare and the pres-
ence of an associated sarcomatous component is 
even rarer. ST is not associated with other GCT and 
usually has a favorable prognosis (see Chap. 7). In 
reported cases of ST with a sarcomatous compo-
nent, undifferentiated spindle cell sarcoma and 
rhabdomyosarcomas have been mentioned (Fig. 
12.6). The presence of a sarcomatous component is 
associated with poor prognosis and metastatic dis-
ease [32, 62, 63].

Fig. 12.5 Wilms’ tumor 
with undifferentiated 
blastema, fibroblast-like 
stroma, and epithelial 
elements including 
abortive tubules. Inset: WT 
stain showing nuclear 
positivity in the epithelial 
component
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Published experience with this phenomenon is 
limited to case reports and small series. The larg-
est one reported five cases of ST with sarcoma-
tous “transformation,” four undifferentiated 
sarcomas and one rhabdomyosarcoma. Two (pos-
sibly three) of the patients died of metastatic dis-
ease [32]. Another series reported two cases of 
ST with sarcomatous component. The sarcoma-
tous element in one case was rhabdomyosar-
coma, while the other case had primitive 
mesenchymal spindle cell sarcoma. Both cases 
were older than 40 years; their sarcomatous com-
ponent metastasized and had a poor outcome 

Table 12.2 Reported STM histologies in primary or 
metastatic GCT of the testis

STM histology References

Rhabdomyosarcoma Colecchia [2], 
Guo [25], 
Malagon [34], 
Motzer [17], 
Necchi [22], 
Donadio [45], 
Comiter [24]

Adenocarcinoma Colecchia [2], 
Necchi [22], 
Motzer [17], 
Donadio [45],  
El Mesbahi [46]

Squamous cell carcinoma Ahmed [43]

Neuroendocrine carcinomas Colecchia [2], 
Wang [47], 
Reyes [48], 
Necchi [22]

PNET Ganjoo [49], 
Necchi [22], 
Mohanty [50], 
Comiter [24], 
Motzer [17], 
Donadio [45], 
Colecchia [2]

Nephroblastoma Necchi [22], 
Ulbright [23], 
Colecchia [2], 
Emerson [18]

Well-differentiated liposarcoma Colecchia [2], 
Necchi [22]

Leiomyosarcoma Colecchia [2], 
Ahmed [43], 
Necchi [22], 
Comiter [24]

Myxoid leiomyosarcoma Malagon [34]

Chondrosarcoma Colecchia [2], 
Necchi [22], 
Comiter [24]

Angiosarcoma Ulbright [51], 
Malagon [34]

Neuroblastoma Colecchia [2], 
Ulbright [23]

Malignant fibrous histiocytoma Ahmed [43]

Glioma Ahmed [43]

Malignant peripheral nerve sheath 
tumor

Colecchia [2], 
Comiter [24], 
Necchi [52]

Gemistocytic astrocytoma Colecchia [2]

Choroid plexus tumor Colecchia [2], 
Necchi [22]

(continued)

Table 12.2 (continued)

STM histology References

Microcystic meningioma Allen [53]

Sarcoma not otherwise specified Colecchia [2], 
Malagon [34], 
Necchi [22]

Dendritic cell tumor Necchi [22]

Hemangioendothelioma Necchi [22]

Malignant giant cell tumor Ulbright [23]

Hepatocellular carcinoma Jain [54]

PNET and choroid plexus tumor Colecchia [2]

Gemistocytic astrocytoma and 
choroid plexus teratoma

Colecchia [2]

Rhabdomyosarcoma and 
adenocarcinoma

Colecchia [2]

Nephroblastoma and 
rhabdomyosarcoma

Colecchia [2]

PNET and rhabdomyosarcoma Colecchia [2]

Rhabdomyosarcoma and 
undifferentiated sarcoma

Ganjoo [49]

Rhabdomyosarcoma and Ewing’s 
sarcoma/primitive 
neuroectodermal tumor

Ganjoo [49]

Rhabdomyosarcoma and small 
round blue cell tumor not 
otherwise characterized

Ganjoo [49]

Osteogenic sarcoma and 
rhabdomyosarcoma

Motzer [17]

Rhabdomyosarcoma and primitive 
neuroectodermal tumor

Motzer [17]

Rhabdomyosarcoma and 
chondrosarcoma

Motzer [17]

Rhabdomyosarcoma and 
squamous cell carcinoma

Motzer [17]

GCT germ cell tumor, STM somatic-type malignancy, 
PNET primitive neuroectodermal tumor
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despite aggressive treatment. In their description 
of the ST component, the authors point out slight 
differences with classic description, including 
high mitotic rate and atypical mitotic figures 
[64]. One case report presented an ST with 
 undifferentiated sarcomatous component in a 
43-year- old male. The tumor was resected but 
chemotherapy was not given. The patient devel-
oped a recurrent scrotal mass and multiple bilateral 
lung metastases 9 months later. A chemotherapy 
regimen of cisplatin, bleomycin, and etoposide 
was initiated, but the patient died after 1 month 
[65]. Similarly, another case report presented an 
ST in a 51-year-old male with rhabdomyosar-
coma component, metastasis to the lungs, liver 
and retroperitoneal lymph nodes, and death 
2 months after the diagnosis [62].

The exact mechanism explaining the origin of 
sarcomatous component is not clear. As expected, 
teratomatous elements were absent in all reported 
cases. True et al. suggested that the sarcomatous 
components are an expression of anaplastic trans-
formation of the ST [32]. One could also theorize 
that the sarcomatous component is a result of the 
pluripotential features of the neoplastic germ 
cell, although it is not clear why only mesenchy-
mal neoplasms arise in this setting. Due to 
aggressive behavior of ST with sarcomatous 
component, additional treatment is warranted, 
although no specific modality is favored based on 
the limited experience. These tumors are rare and 

the effectiveness of chemotherapy and/or radio-
therapy is not clear [66, 67].

12.7  STM in Type IV GCT

Mature cystic teratomas of the ovary (type IV 
GCT) can also be complicated by STM, and 
this phenomenon is extensively reviewed in 
Chap. 6. A few salient aspects will be discussed 
here.

STM occurs in 1.5–3 % of mature cystic tera-
tomas [19, 68]. Contrary to what occurs in type II 
GCT, the majority of STM arising in mature cys-
tic teratomas of the ovary are squamous cell car-
cinomas (Fig. 12.7) [69]. They seem to affect 
elderly women in their fifth and sixth decade 
[19]. Other epithelial neoplasms that may be 
found within mature cystic teratomas include 
adenocarcinoma (Fig. 12.8) [70], neuroendocrine 
carcinoma, and transitional cell carcinoma [71]. 
Sarcomas are much less frequent and include 
osteosarcoma [71, 72], rhabdomyosarcoma, 
angiosarcoma (Fig. 12.9), malignant fibrous his-
tiocytoma, chondrosarcoma, spindle cell sar-
coma, and undifferentiated sarcoma [73, 74]. 
Malignant melanomas are much less common 
than metastatic melanomas to the ovary [75, 76]. 
A thorough list of histologies reported in STM in 
mature cystic ovarian teratomas is presented in 
Chap. 6 in Table 6.5.

a b

Fig. 12.6 Spermatocytic tumor (type III GCT) with associated malignant spindle cell (a) and cartilaginous (b) compo-
nents (Pictures courtesy of Dr. Thomas Ulbright, Indiana University)
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Some have proposed that the different his-
tological spectrum between STM in ovarian 
and testicular teratomas reflects the differ-
ences in tissues present in the teratomas from 
both gonads [77]. While this may be the case, 
it is also likely that the inherent biological 
behavior of the background tumor impacts the 

type of STM that develops in both settings. 
Thus, tumors associated with tissue senes-
cence, like squamous cell carcinomas and ade-
nocarcinomas, are more likely to occur in 
benign tumors that can remain occult for pro-
longed periods of time (i.e., ovarian) and 
would be less likely to develop in a malignant 

Fig. 12.7 Well- 
differentiated squamous 
cell carcinoma arising in a 
mature cystic teratoma of 
the ovary. Inset: high- 
power view of invasive 
nests of squamous cells 
and keratin formation

Fig. 12.8 Mucinous adenocarcinoma arising in mature cystic teratoma of the ovary. Malignant mucinous epithelium 
with extravasated mucin. Inset: the tumor arose within a classic dermoid cyst
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tumor that would manifest early or advance 
rapidly (i.e., testis).

As stated above, a different approach to the 
one in testicular tumors has been followed in 
 ovaries, regarding the presence of immature 
elements in mature cystic teratomas. While in 
testicular tumors a small amount of immature 
neuroepithelium is irrelevant, a diagnosis of 
PNET is rendered when this reaches an expans-
ile growth measuring at least one low-power 
field [1]. In ovarian tumors any amount of 
immature neuroepithelium is diagnostically 
relevant but is not considered STM even if 
expansile and occupying more than one low-
power field, but rather is described as “imma-
turity” and renders a teratoma as an “immature 
teratoma” [20, 21]. This different approach is 
more based on historical and definitional rea-
sons, but the difference in the biologic behav-
ior of the background teratomas in both settings 
and their different pathogenesis may provide 
also biological fundament. Irrespective of ter-
minology, larger amounts of immature ele-
ments are associated with more aggressive 
behavior, which constitutes the rationale for 
the “grading” of immature teratomas (see 

Chap. 6). STM has also been described in ovar-
ian immature teratomas. Due to higher fre-
quency of immature neural tissue in immature 
teratomas, secondary somatic malignancies are 
often neural in origin [78]. Sarcomas, particu-
larly rhabdomyosarcomas, can also occur. 
Similar to testicular tumors, its diagnosis is 
based on the presence of “overgrowth,” 
although a definitive criterion for its diagnosis 
has not been established [21].

12.8  STM in Extragonadal GCT

Extragonadal GCT in mediastinum, intracranial 
(pineal gland), retroperitoneum, and sacral region 
may undergo transformation to STM. Extragonadal 
GCTs most likely correspond to type I or type II 
GCT [4]. However, it is difficult to retrospectively 
determine in published reports the type of GCT 
described, although likely both types are repre-
sented in most series. Reports on STM in medias-
tinum are by far more prevalent, with 
retroperitoneum and intracranial (pineal gland) 
sites being far less common. Sarcomatous trans-
formation is the most common encountered STM 

Fig. 12.9 Angiosarcoma arising in a mature cystic teratoma of the ovary. Anastomosing vascular spaces lined by cyto-
logically atypical endothelial cells
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in extragonadal GCT, and rhabdomyosarcoma is 
its most common subtype [9, 17, 34, 45].

In mediastinum, other reported histologies 
include PNET [45], adenocarcinoma [45, 79], 
squamous cell carcinoma [79], osteosarcoma 
[79], anaplastic small-cell cancer [45], angiosar-
coma [34, 79, 80], MPNST [24, 34], leiomyosar-
coma [34], epithelioid hemangioendothelioma 
[34], undifferentiated sarcoma [34], myxoid 
liposarcoma [34], malignant “triton” tumor [34], 
sarcoma accompanied by non-Hodgkin’s lym-
phoma [17], sarcoma accompanied by acute 
nonlymphocytic leukemia [17], squamous cell 
carcinoma [79], liposarcoma [79, 80], osteosar-
coma [79], malignant schwannoma [80], carci-
noid tumor [80], glioblastoma multiforme (Fig. 
12.10) [34], and hematologic malignancies. 
Hematologic malignancies seem to be quite spe-
cific to mediastinal GCT with no reported cases 
of transformation to hematologic malignancy in 
other locations [2, 11–13]. Additional informa-
tion on mediastinal tumors with STM may be 
found in Chap. 8.

GCT of the retroperitoneum may show STM 
such as rhabdomyosarcoma [17, 34, 39],  
adenocarcinoma [17, 81], liposarcoma [39],  

chondrosarcoma [39], Wilms’ tumor [82], and 
PNET [83].

Cases of intracranial (pineal gland) GCT with 
STM are rather sparse. Rhabdomyosarcoma [84–
87] and adenocarcinoma [86] have been 
described. The majority of these cases were asso-
ciated with teratoma. YST was the second most 
common intracranial GCT associated with STM 
[85, 87].

Similar to gonadal sites, poor prognosis has 
been observed in extragonadal STM-GCT [17, 
24, 34]. Mediastinal STM-GCT are detected in 
more advanced stages with higher rates of pro-
gression, metastasis, and relapse. They are less 
amenable to complete resection with clean bor-
ders. They tend to be larger, bulkier, and poorly 
circumscribed, involving complex vital organs, 
making radical surgery difficult and inducing 
comorbidities such as cardiac tamponade and 
superior vena cava syndrome [17, 34, 79]. 
Similarly, intracranial GCT with STM tend to 
have metastases at the time of diagnosis, are less 
amenable to complete resection, and generally 
show very poor prognosis [86]. Extragonadal site 
was an adverse prognostic factor on multivariate 
analysis in a large series [33]. Extragonadal 

Fig. 12.10 Glioblastoma multiforme arising in a teratoma of the mediastinum. Inset: high-power view showing the 
neoplastic glial cells with an atypical mitotic figure
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STM-GCT should be distinguished from metas-
tasis of a gonadal GCT. This is particularly trou-
blesome when the gonadal primary has undergone 
regression.

12.9  Therapeutic Implications

Development of STM has major clinical implica-
tions. Despite excellent prognosis of GCT with 
surgery and chemotherapy, the presence of 
somatic malignant component is associated with 
dismal prognosis [17, 24, 34, 88]. Incomplete 
surgical removal is consistently shown as an 
adverse prognostic factor. In a recent series, 35 % 
of STM-GCT with clinical stage I that were 
treated with primary retroperitoneal lymph node 
dissection (RPLND) had viable STM in the 
lymph nodes [33]. Based on this finding, the 
authors advocate primary RPLND in cases with 
STM in the primary tumor. Overall, prompt sur-
gical resection of the primary tumor, any metas-
tasis, and residual post-chemotherapy tumor are 
the mainstay of treatment [52]. Surgery should be 
considered in all patients regardless of stage.

Even though investigators universally advo-
cate timely radical surgery as the most important 
treatment step, the role and type of chemotherapy 
regimen is less clear. Conventional cisplatin- 
based chemotherapy has been shown to be inef-
fective in patients that develop STM associated 
with otherwise responsive GCT [2, 17, 22–24, 
58, 88]. It is not clear if histology-driven chemo-
therapy provides benefit. In cases that are not 
amenable to surgery, higher doses of cisplatin- 
based chemotherapy will cause severe toxicity, 
and, considering the resistance of STM, it may 
not provide much therapeutic benefit [3]. Tailored 
chemotherapy may be considered in relatively 
chemosensitive histology such as rhabdomyosar-
coma and PNET, but further studies are needed 
[17, 45, 46, 89]. STM with multiple histologic 
types poses another therapeutic challenge. Their 
treatment is more complicated and their progno-
sis is usually worse than single transformed his-
tology [22]. Some authors recommend a 
cisplatin-based regimen as both initial and sal-
vage therapy especially if there is still evidence 

of the presence of cisplatin-sensitive elements by 
biopsy or tumor marker levels. Rescue chemo-
therapy oriented to GCT may provide salvage in 
persisting disease cases [52, 55]. In the above-
mentioned series, a definitive recommendation 
on the type of chemotherapy could not be ren-
dered despite being the largest series published 
so far, given the multiple subgroups in the study 
with different histologies and treatment regi-
ments [33].

Refractoriness to cisplatin-based chemother-
apy or a mixed response, with regression in one 
site, and no change or progression in another site, 
should raise suspicion of STM transformation. 
Decrease or normalization of tumor biomarker 
levels, despite objective disease progression as 
evidenced clinically or by imaging, may be 
another telltale sign of transformation to 
STM. Suspicion should be high in such cases. 
Serum tumor markers are not optimal surrogates 
of treatment response, and close radiologic fol-
low- up of tumor size is thus warranted.

No standardized treatment plan has been 
devised for STM arising from either immature or 
mature ovarian teratoma. Reported treatments for 
mature ovarian teratoma include surgical treat-
ment [90], surgical treatment in combination 
with chemotherapy [91], external radiation, 
radionucleotide therapy, chemotherapy only, and 
both radiation and chemotherapy [19].

As in gonadal cases, surgery with chemother-
apy remains the mainstay treatment in mediasti-
nal and intracranial STM-GCT. Additional 
radiation therapy has been tried in some cases 
[34, 86].

12.10  Differential Diagnosis

12.10.1  GCT Elements

Atypia seen in teratoma can mimic STM. This is 
particularly problematic in type II teratomas, as 
teratomatous elements invariably display signifi-
cant degrees of cytologic atypia [27, 77]. Atypical 
features may also be exacerbated by prior treat-
ment [92]. The degree of atypia, expansile 
growth, and infiltrative borders are key features 
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in differentiating between microscopic foci of 
atypia and STM. Overgrowth and replacement of 
adjacent conventional germ cell elements should 
be taken into consideration.

Differentiating adenocarcinoma and glandular 
YST may be diagnostically challenging as well. 
Magers et al. excluded ten cases from their series 
initially diagnosed as somatic-type adenocarci-
noma, as they represented glandular YST or inde-
terminate glandular tumors by morphology and 
immunohistochemistry [3]. Glandular YST tends 
to be positive for glypican 3 and/or AFP but not 
always [93, 94]. Unlike adenocarcinomas in 
STM, glandular YST usually lacks reaction to 
EMA or CK7. Both entities express CDX2 and 
both are often positive for SALL4. In cases that 
lack a clear-cut pattern of staining, the dominant 
combination of stains may be considered. 
Similarly, sarcomatoid YST may be misinter-
preted as sarcomatoid tumors [3]. In the series 
mentioned above, of 68 cases originally classi-
fied as sarcoma, 24 were reclassified as sarcoma-
toid YST. A panel of stains would be helpful in 
ambiguous cases. Sarcomatoid YST shows posi-
tivity for both AE1/AE3 and glypican 3.

Hepatocellular carcinoma arising in a tera-
toma, while rare, may pose a difficult differential 
diagnosis [54]. First and foremost, it must be dif-
ferentiated from benign hepatic tissue within a 
teratoma. Glypican 3 is considered helpful in dif-
ferentiating benign hepatic cells from hepatocel-
lular carcinoma, as its expression is associated 
with early events in hepatocarcinogenesis [95]. 
However, it may not be as useful in the setting of 
GCT, given its expression in hepatoid YST [96]. 
Conversely, SALL4 may be positive in hepato-
cellular carcinomas [97]. Serum tumor markers 
and the presence of multiple morphologic pat-
terns of YST favor hepatoid YST, while infiltra-
tive pattern in the stroma, nuclear atypia, 
trabecular, and acinar or pseudoglandular 
arrangement would favor hepatocellular carci-
noma [54].

Embryonal carcinoma may sometimes mimic 
somatic carcinomas or vice versa. Attention to 
the distribution of the carcinoma elements (scat-
tered, versus localized), and the classic immuno-
phenotype of CD30-positive, EMA negative in 

embryonal carcinoma should resolve most of the 
difficult cases.

12.10.2  Post-therapy Changes

In 2009, Clevenger et al. reported seven cases of 
a highly differentiated rhabdomyomatous prolif-
eration in the setting of post-chemotherapy 
RPLND [98]. Contrary to rhabdomyosarcomas 
arising in teratomas, these tumors were charac-
terized by cells with abundant eosinophilic cyto-
plasm with occasional cross striations. They 
displayed mild cytologic atypia and no necrosis, 
mitotic activity or primitive appearing compo-
nent. All but one was associated with typical tera-
toma. Of six patients with follow-up, none had 
evidence of progressive or recurrent sarcoma, 
although some had recurrence of teratomatous 
elements. The authors concluded that the phe-
nomenon is that of cytodifferentiation induced by 
chemotherapy, a phenomenon that has been seen 
in treated somatic rhabdomyosarcomas, also 
associated with a good prognosis [99]. 
Recognition of this type of tumor is important to 
avoid confusion with rhabdomyosarcoma arising 
in teratoma, which would carry a significantly 
worse prognosis (Fig. 12.11).

12.10.3  Metastatic, Non-GCT- 
Related Neoplasms

When the teratomatous elements are relatively 
minor or completely effaced, the distinction 
between STM and metastatic non-GCT- related 
tumor is difficult. Thorough sampling to find the 
teratomatous elements is essential and should be 
undertaken in tumors with somatic histology at 
gonadal and extragonadal sites likely to harbor 
GCT. Late recurrence up to 30 years after the ini-
tial treatment has been reported in testicular 
tumors [100, 101]. The association of a new STM 
to a testicular GCT that was treated years prior 
may not be readily evident to the physician at the 
time of presentation. Differentiating STM derived 
from GCT and de novo somatic malignancies is 
challenging. Complete physical exam and imag-
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ing studies should be performed in search for 
possible germ cell primary. The i12p testing may 
shed light in this workup when a type II tumor is 
suspected [7]. Conversely, ample  sampling of a 
teratoma is essential in making an accurate diag-
nosis as undersampling poses a pitfall of missing 
STM components. The differential diagnosis of 
ovarian melanoma arising in mature cystic ovar-
ian teratoma and the much more common mela-
noma metastatic to the ovary usually relies on the 
unilaterality, presence of junctional change, and 
clinical exclusion of another primary in the for-
mer [75, 76, 102].
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