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ix

 The clinical management of pediatric germ cell tumors (GCTs) carries with 
it a unique set of challenges. Incidence data show two distinct peaks in GCT 
incidence, one in young children ages 0–4 and another extending from the 
onset of puberty through young adulthood. The incidence of GCT among 
adolescents and young adults is rapidly increasing, for unclear reasons 
(Frazier and Amatruda 2009). Although germ cell tumors are often classifi ed 
as “rare” cancers, GCTs in fact account for 15 % of the malignancies diag-
nosed during adolescence, and testicular GCTs are the most common cancer 
in young men aged 15–40 (Oosterhuis and Looijenga 2005). The broad age 
distribution of GCTs, from infancy to the mid-40s, means that patients with 
GCTs may be cared for by pediatric oncologists, medical oncologists, radia-
tion oncologists, general surgeons, urologists and/or gynecologic oncolo-
gists. This wide range of clinical settings has led to the adoptions of a variety 
of different management strategies for GCTs. Complicating matters is the 
fact that GCTs, which arise from pluripotent primordial germ cells, present in 
a wide range of subtypes with different histologies, marker expression and 
clinical behavior. Moreover, germ cells develop in the context of somatic 
cells of the gonad, which can themselves give rise to a unique set of tumors 
with their own biological and clinical features. 

 GCTs became curable with the advent of cisplatin chemotherapy nearly 40 
years ago (Einhorn and Donohue 1977; Williams et al. 1987). Since that time, 
a series of careful studies has established cisplatin-based multiagent regimens 
that have proved highly effective even in the setting of advanced disease. 
While these regimens remain the mainstay of GCT therapy, it is important to 
note several ongoing challenges, the fi rst of which is that cisplatin-based 
therapy persistently fails to cure about 15 % of patients (Einhorn 2002). 
Survival is especially poor for patients with mediastinal GCTs, those with 
metastatic disease at presentation, or those whose tumors are resistant to cis-
platin (Frazier and Amatruda 2009). 

 Secondly, there is signifi cant therapy-related toxicity in patients treated 
for GCTs. Late effects in patients treated with cisplatin, etoposide and bleo-
mycin (the current fi rst-line regimen for GCT) include pulmonary fi brosis 
(Osanto et al. 1992), renal insuffi ciency and salt-wasting (Bosl et al. 1986; 
Hansen et al. 1988; Bokemeyer et al. 1996), infertility and hormonal changes 
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(Hansen et al. 1990; Hansen and Hansen 1993; Berger et al. 1996; Strumberg 
et al. 2002; Huddart et al. 2003), hyperlipidemia (Bissett et al. 1990; Gietema 
et al. 1992), Raynaud’s phenomenon (Teutsch et al. 1977; Vogelzang et al. 
1981; Berger et al. 1996; Bokemeyer et al. 1996), obesity (Bissett et al. 1990; 
Boyer et al. 1990; Gietema et al. 1992; Siviero-Miachon et al. 2008, 2009) 
and neuropathy (Glendenning et al. 2010). Ototoxicity results in signifi cant 
hearing loss, as assessed by audiogram, in nearly 80 % of patients (Bokemeyer 
et al. 1996; Strumberg et al. 2002). Most troubling, emerging evidence indi-
cates a doubling of the risk of early onset cardiovascular disease (Huddart et 
al. 2003) and second malignancies (Travis et al. 1997, 2005) in survivors of 
germ cell tumor treatment. There is evidence that children are particularly 
vulnerable to late effects of therapy, especially ototoxicity and pulmonary 
abnormalities (Hale et al. 1999). In a large cohort study, the cumulative risk 
of secondary malignancy also increased with decreasing age at diagnosis 
(Travis et al. 2005). 

 Finally, it is important to note that the majority of the clinical trial experi-
ence in GCT has focused on adult men with testicular (T)GCT, who represent 
the largest patient population. While regimens for adult TGCT have been 
widely adopted for other patient populations, it is less clear that all of the les-
sons from these trials, and the therapies that they have advanced, apply 
equally to other groups such as children with gonadal or extragonadal GCT, 
and women with ovarian GCT. 

 Both childhood and adolescent/adult GCTs are thought to originate from 
primordial germ cells (PGCs), pluripotent cells that can take on a variety of 
different histologic fates. Thus GCTs can be germinomas (which retain prim-
itive germ cell characteristics); tumors of extraembryonic tissues (yolk sac, 
trophoblast); and tumors differentiated to endoderm, mesoderm, and ecto-
derm (teratomas). Type I GCTs occur in infants and children and consist of 
benign teratomas and malignant yolk sac tumors (YSTs). Type II tumors in 
adolescents and adults have more diverse histology, and include germinomas 
(seminomas in males, dysgerminomas in females), embryonal carcinoma, 
teratoma, yolk sac tumor and choriocarcinoma. Based on differing epidemi-
ology, clinical outcome and histologic spectrum, it has long been suspected 
that GCTs in young children may be biologically distinct from GCTs occur-
ring in older (post-pubertal) populations. 

 This idea is increasingly supported by molecular evidence from studies 
comparing genome structure and gene expression in GCTs from different 
patient populations. For example, Type I tumors show variable loss of 
imprinting (LOI) at loci such as IGF2 and H19 (Ross et al. 1999; Schneider 
et al. 2001), and cytogenetic data consistently show loss of chromosome 1p 
and 6q. In contrast, type II tumors show complete LOI, implying they origi-
nate from a different stage of embryonic germ cell than do the type I tumors. 
Type II tumors also commonly exhibit amplifi cation of chromosome 12p. 
More recently, studies directly comparing the gene expression patterns of 
pediatric and adult GCTs have demonstrated distinct transcriptional profi les 
in tumors of similar histology arising in different age groups (for example, in 
yolk sac tumors of children vs. yolk sac tumors of adolescent/adults) (Palmer 
et al. 2008). Taken together, these studies support the notion that different 
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biological mechanisms may drive childhood and adolescent/adult germ cell 
tumorigenesis. 

 While progress is being made, there is still much to be done. In some ways 
the very success of cisplatin-based therapy has reduced pressure on the fi eld 
to investigate alternative strategies. A major challenge going forward will be 
to translate insights from clinical and molecular studies into new approaches 
that will improve patient outcomes. For example, it will be critical to defi ne 
robust biomarkers that predict risk of disease progression and treatment resis-
tance. Such a biomarker could allow much more accurate risk stratifi cation 
and tailoring of therapy, sparing many patients the deleterious side effects of 
current GCT therapies. As another example, high-resolution molecular pro-
fi ling of cisplatin-resistant GCTs could potentially be used to guide therapy 
with more specifi c, targeted agents. Advances like these will require ongoing 
collaborations between basic scientists, clinical researchers, clinicians, 
patients and patient advocates. 

 In this volume, we present practical management advice for clinicians car-
ing for children with GCTs, along with a comprehensive review of GCT 
pathology. Specifi c attention is given to the unique features of and approaches 
required for ovarian GCTs and gonadal-stromal tumors. We also provide 
updates on the latest research on GCT epidemiology, biology and late effects. 
It is our hope that this book will serve as both a practical guide and a stimulus 
for ongoing research and collaboration, for the benefi t of all our patients. 

 A. Lindsay Frazier, MD, ScM 
 James F. Amatruda, MD, PhD 
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1.1            Introduction 

 An improved understanding of the biology of 
germ cell tumors (GCTs) is essential for two 
main reasons. Firstly, biology will be use-
ful in identifying patients with good clinical 
outcomes, who may in the future be able to 
safely receive less therapy and hence experi-
ence fewer late effects of treatment, with-
out compromising excellent outcome (Mann 
et al.  2000 ; Göbel et al.  2002 ). Secondly, for 
some groups of patients, such as older pedi-
atric patients (greater than 11 years of age) 
with advanced (stage 4) extragonadal disease, 
outcomes remain markedly inferior (Marina 
et al.  2006 ). Discovering a prognostic gene 
“signature” that may be used for risk stratifi -
cation in such patients will be important. This 
process will also highlight the genes and path-
ways critical in the pathogenesis of poor-risk 
tumors and therefore represents an important 
step towards identifying targets for the devel-
opment of novel therapeutic agents, with favor-
able toxicity profi les, which may be used in 
these subgroups. 

 Most research in GCTs has been performed on 
adult testicular cases (TGCTs), which have the 
highest incidence of all GCTs (Murray et al. 
 2009 ). However, a number of factors have his-
torically limited the ability to study pediatric 
GCT biology. As GCTs occur throughout child-
hood, from the neonatal period into adulthood 
(Schneider et al.  2004 ; Murray and Nicholson 
 2010 ), patients with these tumors present to a 
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wide variety of medical practitioners, including 
neonatologists, general pediatricians, family 
practitioners, urologists, general and gynecologic 
surgeons and, for those with intracranial disease, 
neurosurgeons. Collection of appropriate tumor 
specimens has therefore historically been piece-
meal and  limited to individual, large treatment 
centers (Kaatsch  2004 ). Furthermore, GCTs are 
relatively rare, comprising only approximately 
2–4 % of childhood cancers (Schneider et al. 
 2004 ; Murray and Nicholson  2010 ), and conse-
quently, most early reports studied very small 
numbers of patient cases. Moreover, GCTs are 
highly heterogeneous, characterized by variable 
histologic subtypes and anatomic sites of disease 
(gonadal and extragonadal), limiting the numbers 
of specimens studied in each subtype and site. 
These limitations have more recently been over-
come by the establishment of tumor banks, such 
as that set up in the UK by the Children’s Cancer 
and Leukaemia Group (CCLG), in Germany by 
the MAKEI Study Group, and in the USA by the 
Children’s Oncology Group (COG). Additionally, 
international collaboration between national chil-
dren’s oncology groups has increased the num-
bers of specimens available for analysis.  

1.2        Embryology 
and Development 

 GCTs are all believed to arise from a common 
progenitor cell, the primordial germ cell (PGC) 
(Teilum  1965 ) (Fig.  1.1 ). These cells represent 
the embryonic precursors of gametes, namely 
spermatogonia in the male and oocytes in the 
female. PGCs are totipotent, meaning they have 
the ability to differentiate into all three embry-
ologic layers (endoderm, ectoderm, and meso-
derm) in addition to extraembryonic tissues 
[namely yolk sac and trophoblastic (placenta- 
like) differentiation]. In early human devel-
opment, PGCs separate from the epiblast and 
migrate within the wall of an outpouching of 
the extraembryonic yolk sac at approximately 3 
weeks gestation (Nicholson and Palmer  2010 ). 
They subsequently migrate along the vitelline 

duct, the wall of the hindgut and the dorsal 
mesentery to the genital ridge. This process 
is completed between 6 and 7 weeks of gesta-
tion and is dependent upon the strict temporo-
spatial expression of a number of additional 
mediators, including the chemokine CXCL12 
(SDF1) and its receptor CXCR4 (Doitsidou 
et al.  2002 ; Molyneaux et al.  2003 ). CXCL12 
is known to be regulated by short, nonprotein-
coding RNAs termed microRNAs (Staton et al. 
 2011 ). Importantly, both CXCL12 and CXCR4 
have been shown to play important roles in the 
development of GCTs. Aberrant expression 
of CXCL12 induces disordered migration of 
germ cells (Molyneaux et al.  2003 ), and this is 
believed to account for the extragonadal sites 
at which GCTs may occur. Consistent with 
this observation, extragonadal GCTs have been 
shown to express CXCR4, coincident with 
areas of known CXCL12 expression in utero 
(Gilbert et al.  2009 ). In addition, the  KIT ligand  
gene ( KITLG , also known as  steel factor ) is 
expressed in an increasing gradient from the 
yolk sac to the gonadal ridge and infl uences 
the motility, rather than the directionality, of 
PGCs (Gu et al.  2009 ,  2011 ). Those PGCs 
that migrate appropriately to the gonadal ridge 
subsequently undergo gender- specifi c differ-
entiation into oocytes or spermatogonia; those 
that do not usually undergo BAX-dependent 
apoptosis (Stanley et al.  2007 ; Gu et al.  2011 ). 
Consequently, mutation of  BAX  and loss of 
BAX expression was shown to occur in a subset 
of extragonadal pediatric GCTs (Addeo et al. 
 2007 ). In addition to aberrant PGC migration, 
epigenetic (see Sect.  1.3 ) and environmen-
tal factors may contribute further towards the 
development of GCTs and the observation that 
some histologic GCT subtypes are predomi-
nantly restricted to specifi c anatomic sites.

   Recent advances in the understanding of 
stem cell and germ cell biology have allowed 
the demonstration of similarities between 
PGCs and embryonic stem cells (ESCs). Both 
cell types actively express genes known to 
regulate pluripotency during embryogenesis 
such as POU5F1 (OCT3/4), NANOG, SOX2 
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and LIN28. Thus, differentiation of murine 
ESCs into putative PGCs is possible, dependent 
on the expression of LIN28 and/or BLIMP1 
(West et al.  2009 ). In contrast to other pluripo-
tency markers such as POU5F1 (OCT3/4) and 
NANOG, immunohistochemical analysis has 
demonstrated that LIN28 is detectable in pre- 
spermatogonia (Gillis et al.  2011 ) and acts as a 
marker for GCTs regardless of their anatomic 
localization, patient age, or histologic subtype 
(Cao et al.  2011a ,  b ; Gillis et al.  2011 ; Xue et al. 
 2011 ). LIN28 maintains the undifferentiated 
state of subsets of malignant GCTs (Gillis et al. 
 2011 ) and is also known to be a negative regula-
tor of the  let - 7  microRNA family (Viswanathan 
et al.  2008 ,  2009 ). Recently, through RNA 
interference mediated LIN28 depletion, it has 
been shown that LIN28 expression in malignant 
GCTs directly results in  let - 7  downregulation, 
causing a signifi cant concomitant upregulation 
of important cancer- associated protein-coding 
genes (Murray et al.  2013 ). Such studies dem-

onstrate that the  LIN28 / let - 7  axis in malignant 
GCTs is a potential target for the develop-
ment of novel therapeutic agents (Murray et al. 
 2013 ). 

 Similarly to LIN28, the epithelial cell adhe-
sion molecule (EPCAM) gene is increasingly 
expressed in primary teratomas with loss of 
differentiation and also in malignant GCTs, 
irrespective of age, sex, site and clinical 
stage of the tumor (Schönberger et al.  2013 ) 
(Fig.  1.2 ). Of note, EPCAM is highly expressed 
on the surface of undifferentiated human ESCs 
and lost during ESC differentiation (Lu et al. 
 2010 ; Ng et al.  2010 ). Consequently, EPCAM 
has been used to identify circulating tumor 
cells in ovarian cancer, the presence of which 
are associated with poor prognosis (Poveda 
et al.  2011 ). Analysis for EPCAM-positive 
cells in peripheral blood, and correlation with 
the presence of metastatic disease and patient 
outcome, may therefore be of future interest in 
patients with GCTs.

Precursor cell Differentiation Tumour histology Tumour markers

Normal

Teratoma

– –

–

–

–

–

++

++

±

±±

±

Embryonal carcinoma (EC)

Normal testis/ovary

AFP β-HCG

Totipotent
primordial
germ cell

Somatic

Choriocarcinoma (CHC)

Yolk sac tumour (YST)

Embryonic

None:pluripotent germinal state

Seminoma (testis)

Dysgerminoma (ovary)

Germinoma (extragonadal)

Extra-embryonic

  Fig. 1.1    Derivation of germ cell tumors from primordial germ cells (Reprinted with permission from Murray and 
Nicholson ( 2010 ))       
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1.3           Epigenetics: Genomic 
Imprinting and Methylation 

1.3.1     Studies Which Demonstrate 
That Epigenetic Changes 
in GCTs Refl ect the Stage 
of Development of the 
Primordial Germ Cell 
at the Time of Malignant 
Transformation 

 Differentiation of PGCs into gametes during nor-
mal human development is under the control of 
epigenetic mechanisms. Studying such phenom-
ena provides insights into the stage at which aber-
rant PGCs transform into GCTs. Initially, PGCs 
are characterized by erasure of imprinting and 
thus bi-allelic gene expression. Subsequently, dur-
ing PGC development into mature gametes, they 
undergo genomic imprinting (Schneider et al. 

 2001a ). As a result, expression of these genes is 
only from a single maternal or  paternal allele in 
mature gametes. Imprinted genes such as  SNRPN  
(normally paternally expressed in somatic tis-
sues),  H19  (maternally expressed), and  IGF2  
(paternally expressed) are therefore suitable can-
didates to investigate the methylation status and 
allele-specifi c gene expression of GCTs. Studies 
have shown that both gonadal and non-gonadal 
pediatric GCTs are derived from PGCs that have 
consistently lost the imprinting of  SNRPN  and 
partial imprinting loss of  H19  and  IGF2 . This 
observation likely refl ects the preservation of the 
physiologic erasure of the  IGF2 / H19  methylation 
imprint in PGCs, rather than a loss of imprint-
ing characteristic of somatic tumors (Sievers 
et al.  2005 ). A study of  SNRPN  methylation in 
both pediatric and adult GCTs revealed that the 
 majority had a non-somatic (hypo) methylation 
pattern, refl ecting that of the PGC giving rise to 
the tumor (Bussey et al.  2001 ). The above studies 
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  Fig. 1.2    Expression of EPCAM in germ cell tumors. Real-
time quantitative PCR analysis of  EPCAM  mRNA expres-
sion in 16 mature and immature teratomas, 6 mixed malignant 
non-seminomatous germ cell tumors ( GCT ), 19 yolk sac 
tumors, and 7 dysgerminomas. Relative  EPCAM  expression 

levels were normalized against  POLR2A  and  GUSB  and 
 presented as 2 −ΔCt  values. ** P -value <0.0001, * P -value 
<0.05 (From EpCAM – a novel molecular target for the treat-
ment of pediatric and adult germ cell tumors. Schönberger 
et al. ( 2013 ). Copyright  ©  2012 Wiley Periodicals, Inc.)       
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are consistent with the theory that all malignant 
GCTs, both gonadal and extragonadal, arise from 
a common origin, the PGC. However, an alterna-
tive theory has been suggested for intracranial 
tumors, whereby neural stem cells may represent 
the more likely cells of origin for GCTs at this site 
(rather than PGCs that have migrated aberrantly 
to the central nervous system), as these endog-
enous progenitor cells also demonstrate a lack of 
 SNRPN  methylation, as observed in PGCs (Lee 
et al.  2011 ).  

1.3.2     Studies Which Demonstrate 
That Epigenetic Changes 
in GCT Subtypes May Account 
for the Observed Differences 
in Clinical Behavior 
and Outcome 

 Although overall treatment outcomes for patients 
with malignant GCTs are excellent, differences 
do exist by histologic subtype. For example, 
5-year overall survival is well in excess of 90 % 
for intracranial germinomas treated with radio-
therapy alone (Bamberg et al.  1999 ) but less 
than 50 % for non-germinomatous (e.g., yolk 
sac) tumors treated in an identical fashion, with 
many early relapses (Hoffman et al.  1991 ). For 
the latter group, 5-year relapse-free survival only 
increases to 67 % with the addition of systemic 
chemotherapy (Calaminus et al.  2005 ). Similarly, 
in both pediatric and adult patients, outcomes in 
extracranial non-germinomatous tumors are infe-
rior to germinomas (Marina et al.  2006 ; Stang 
et al.  2012 ). Biologic studies investigating meth-
ylation status in pediatric malignant GCTs have 
attempted to explain these differences in outcome. 
Global methylation array analysis of gene regula-
tory regions in malignant GCTs revealed that yolk 
sac tumors (YSTs) have increased methylation at 
many loci, including silencing of potential tumor-
suppressor genes and those associated with apop-
tosis (Jeyapalan et al.  2011 ). Furthermore, this 
was associated with higher levels of  expression 
of the methyltransferase gene  DNMT3b  in YSTs, 
suggesting a  mechanism underlying the phe-

notype and a potential explanation for the more 
aggressive natural history displayed by YSTs 
compared with germinomas (Jeyapalan et al. 
 2011 ). With regard to other specifi c genes, stud-
ies have shown that the tumor- suppressor genes 
 APC  (Kato et al.  2006 ; Schönberger et al.  2010 ; 
Jeyapalan et al.  2011 ; Okpanyi et al.  2011 ) and 
 SFRP2  (Schönberger et al.  2010 ) are methylated 
in pediatric YSTs but not in germinomas, result-
ing in activation of the  Wnt  signaling pathway 
(Fritsch et al.  2006 ; Palmer et al.  2008 ) (see also 
Sect.  1.6 ). 

 In adult TGCTs, methylation of  APC , 
 RASSF1A , and  MGMT  was shown to occur more 
frequently in non-seminomatous tumors com-
pared with seminomas (Honorio et al.  2003 ). 
Subsequently, methylation of the tumor- 
suppressor genes  RASSF1A  and  HIC1  have been 
shown to be associated with treatment resistance, 
while methylation of  MGMT  was associated with 
platinum sensitivity (Koul et al.  2004 ). Similarly, 
in methylation studies of pediatric tumors,  APC , 
 RASSF1A , and  HIC1  were all signifi cantly more 
methylated in YSTs than in germinomas 
(Jeyapalan et al.  2011 ). Furthermore, methyla-
tion of the tumor-suppressor gene  RUNX3  in 
pediatric, but not adult, YSTs has also been iden-
tifi ed, which may contribute to the pathogenesis 
of this childhood GCT subtype (Kato et al.  2003 ; 
Furukawa et al.  2009 ). 

 Reduced methylation in YST cells in vitro was 
demonstrated by a study employing the demethyl-
ating agent 5-aza-2′-deoxycytidine, a cytidine 
analog, resulting in reexpression of previously 
silenced genes such as  SFRP2  (Schönberger et al. 
 2010 ). Further investigation of the role of such 
tumor-suppressor genes, which are methylated in 
YSTs, may therefore elucidate the cellular mech-
anisms involved in treatment resistance and iden-
tify targets for the development of new therapies.   

1.4      Genomic Aberrations 

 The large majority of studies investigating 
genomic changes in malignant GCTs have been 
performed on cases of adult testicular disease, 
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which consistently demonstrate chromosome 
12p gain, usually due to isochromosome 12p 
formation (Atkin and Baker  1982 ,  1983 ). This 
genomic change occurs regardless of histo-
logic subtype. These, and other reports studying 
expression of genes on 12p, suggest that 12p gain 
is functionally relevant in TGCTs, by leading to 
the activation of key stem cell genes, which pro-
mote cellular proliferation (Korkola et al.  2006 ). 
Pediatric tumors by comparison have been far 
less intensively studied and generally report 
small sample numbers. A fi rst study of 16 child-
hood (predominantly testicular) YSTs showed 
that the most common changes were gains of 
chromosomes 1q, 11q, 20q and 22 and loss of 1p, 
6q and 16q (Perlman et al.  2000 ). However, this 
study identifi ed that 12p gain, characteristic of 
TGCTs, was only present in one testicular tumor 
(6 % of the total cases examined) (Perlman et al. 
 2000 ). A larger study of 51 cases, including 33 
malignant GCTs and 18 teratomas, confi rmed 
similar fi ndings to above, with 12p gain also 
appearing to be uncommon in childhood forms of 
the disease (11 % of malignant cases) (Schneider 
et al.  2001b ). A study of childhood and adoles-
cent mediastinal tumors revealed differences by 
patient age (Schneider et al.  2002 ). For those 
patients less than 8 years of age, profi les of malig-
nant mediastinal GCTs were as for testicular and 
sacrococcygeal tumors and furthermore, 12p gain 
and abnormalities of the sex chromosomes were 
not observed (Schneider et al.  2002 ). By compar-
ison, 12p gain was the most frequent aberration 
in malignant mediastinal tumors of older children 
(>8 years of age), with gain of the X chromosome 
occurring in about half of cases, most likely due 
to the presence of Klinefelter syndrome, which is 
known to be associated with an increased risk of 
developing GCTs (Murray and Nicholson  2010 ). 
A study of malignant central nervous system 
(CNS) GCTs demonstrated that children >8 years 
and adolescents commonly display 12p gain 
(Schneider et al.  2006 ), with genomic aberrations 
in these tumors being virtually indistinguishable 
from those in their gonadal or other extragonadal 
counterparts. This  observation strongly favors 
common pathogenetic  mechanisms in the devel-

opment of both gonadal and extragonadal GCTs 
(Schneider et al.  2006 ). 

 More recently a study of 34 pediatric malignant 
GCTs, including a relatively large cohort of ovar-
ian tumors ( n  = 17), identifi ed that 12p gain 
increased in frequency with advancing age, occur-
ring in 29 % of children <5 years of age and in 
53 % of those aged between 5 and 16 years (Palmer 
et al.  2007 ). However, the signifi cance of 12p gain 
in malignant GCTs of childhood remains to be 
elucidated. 

 Teratomas are generally considered a benign 
tumor entity; however, in adult oncology practice 
testicular teratomas often display a greater pro-
pensity for growth and malignant transformation 
than their pediatric counterparts. Tumor biology 
may account for these observed differences. For 
example, prepubertal teratomas display normal 
hybridization profi les, i.e., do not show any or 
only a few genomic aberrations (Harms et al. 
 2006 ; Okpanyi et al.  2011 ). However, testicular 
teratomas in postpubertal patients may display 
isochromosome 12p or more limited regions of 
12p gain, as is seen consistently for malignant 
TGCTs (Schneider et al.  2001b ; Harms et al. 
 2006 ). Moreover, biologic studies of somatic 
malignant components that have arisen within 
malignant teratomas have shown that they 
retain 12p gain, suggesting that they arise from 
within the GCT itself (Harms et al.  2006 ). In con-
trast, pure ovarian teratomas do not display 12p 
gain (Kraggerud et al.  2000 ; Poulos et al.  2006 ), 
although “teratomatous” components within 
malignant ovarian GCTs often do so (Poulos 
et al.  2006 ), suggesting two alternative pathways 
may exist leading to a similar phenotypic appear-
ance (Poulos et al.  2006 ). 

 In the last few years, the technique of 
metaphase- based comparative genomic hybrid-
ization (CGH), used to perform the above stud-
ies, has been replaced with high- resolution 
array-based CGH. The latter approach offers 
the potential to interrogate genomic abnor-
malities and regions of interest in far greater 
resolution than has previously been possible. A 
small study in adult malignant testicular semi-
nomas has been published using this technique 
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(LeBron et al.  2011 ), and similar studies in 
 childhood tumors are likely to reveal many 
novel aberrations that may explain differences 
in clinical behavior and outcomes, which after 
validation may in the future be incorporated into 
prospective clinical trials.  

1.5      Transcriptome Analysis 

1.5.1     Messenger RNA Profi les 
Identify Differences Between 
Pediatric and Adult GCTs 

 Transcriptomic studies have predominantly been 
performed in adult TGCTs. A recent review 
article of 23 such studies highlighted common 
gene changes in TGCTs, elucidating both tran-
scriptional changes associated with malignant 
transformation and differentiation patterns of 
malignant GCTs (Alagaratnam et al.  2011 ). This 
study implicated both known ( KRAS ,  MYCN  
and  TPD52 ) and novel ( CCT6A ,  IGFBP3  and 
 SALL2 ) cancer genes in TGCT pathogenesis. 
Gene expression patterns in malignant GCTs 
characteristic of ESCs were confi rmed (see also 
Sect.  1.2 ). A distinctive transcriptomic profi le 
was identifi ed for individual histologic subtypes, 
particularly striking given that the TGCT genome 
is largely similar across subtypes (Alagaratnam 
et al.  2011 ). Similarly, global mRNA gene 
expression profi les in pediatric malignant GCTs 
completely segregate the two main histologic 
subtypes, YSTs and germinomas, with no differ-
ences being observed by anatomic site of disease 
(Palmer et al.  2008 ). As seen in adult malignant 
GCTs, pediatric germinomas were enriched for 
genes associated with pluripotency, whereas pedi-
atric YSTs were associated with differentiation 
and proliferation pathways (Palmer et al.  2008 ) 
(see Sect.  1.6 ). Despite this observation, global 
mRNA profi les segregated pediatric cases from 
adult malignant TGCTs of the same tumor sub-
type (Fig.  1.3 ), suggesting that for mRNA pro-
fi les, histologic subtype is the main discriminator 
and then patient age (Palmer et al.  2008 ). Thus, 
the observed differences in the mRNA expression 

profi les between pediatric and adult GCTs may 
presumably be driven at least in part by the altera-
tions in hormonal status that accompany puberty.

1.5.2        MicroRNA Profi les Identify 
Commonalities Shared by 
Pediatric and Adult GCTs 

 Despite their extensive clinical and pathologic 
heterogeneity, all malignant GCTs are thought to 
originate from primordial germ cells, but despite 
this, very few common biologic abnormalities 
have been identifi ed in these tumors to date. As 
microRNA profi les have been shown to refl ect 
the development lineage of tumors (Lu et al. 
 2005 ), investigating such profi les in malignant 
GCTs may identify universal biologic fi ndings. 
MicroRNAs are short, nonprotein-coding RNAs, 
typically 21–23 nucleotides in length. They post-
transcriptionally regulate gene expression through 
binding sites for the microRNA “seed” region 
(predominantly nucleotides at positions 2–7 of the 
microRNA, 2–7nt) in the 3′ untranslated region 
(3′ UTR) of mRNA targets (Palmer et al.  2010 ). 
The fi rst report in GCTs was a genetic screening 
study for microRNAs that were involved in cel-
lular transformation (Voorhoeve et al.  2006 ). This 
identifi ed that miR-372 and miR-373 each allowed 
proliferation and tumorigenesis in primary human 
cells containing RAS and active wild-type TP53, 
likely through inhibition of the tumor-suppressor 
gene  LATS2 , preventing TP53-mediated  CDK  
inhibition. As miR-372 and miR-373 were shown 
to be overexpressed in TGCTs, these results sug-
gested that these microRNAs contribute to germ 
cell tumorigenesis by allowing growth even in 
the presence of wild-type TP53 (Voorhoeve et al. 
 2006 ). A further study used a qRT-PCR platform 
to interrogate microRNA profi les in adult gonadal 
GCTs and confi rmed overexpression of this onco-
genic miR- 371~373 cluster (Gillis et al.  2007 ). 

 A subsequent microarray study of pediatric 
malignant GCTs (Palmer et al.  2010 ) included 
a reanalysis of the qRT-PCR data described 
above (Gillis et al.  2007 ) and extended previous 
observations. This study identifi ed that all eight 
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microRNAs from the miR-371~373 and miR-302 
clusters were universally overexpressed in malig-
nant GCTs, regardless of patient age (pediatric 
or adult), histologic subtype (YST, germinoma, 
or embryonal carcinoma), or anatomic site of 
disease (gonadal or extragonadal) (Palmer et al. 
 2010 ), consistent with the common origin theory. 
Indeed, just these eight microRNAs were able to 
robustly segregate malignant GCTs from nonma-
lignant samples (benign teratomas and normal 
gonadal controls) (Fig.  1.4 ) (Palmer et al.  2010 ). 
Furthermore, six of these eight microRNAs from 
the miR-371~373 and miR-302 clusters shared 
an identical seed region, suggesting common 
mRNA targets. Interrogation of samples with 
matched mRNA expression data confi rmed that 
these microRNAs were biologically signifi cant 
by globally downregulating mRNA targets which 
were involved in cancer-associated processes 
(Palmer et al.  2010 ). The demonstration that the 
miR-371~373 cluster was further upregulated in 
GCT cell lines that had acquired cisplatin resis-

tance (Port et al.  2011 ) provides further evidence 
for the functional signifi cance of this microRNA 
cluster in malignant GCTs. Furthermore, the uni-
versal overexpression of the miR-371~373 and 
miR-302 clusters in malignant GCTs offers trans-
lational potential, as they are not reported to be 
coordinately upregulated in other tumor types or 
disease states (Palmer et al.  2010 ). Interestingly, 
the miR-302 cluster showed further overexpres-
sion in YSTs when compared with germinomas, 
in comparisons of both pediatric and adult GCTs 
(Murray et al.  2010 ), and resulted in signifi cant 
downregulation of mRNA targets, including 
mediators of key cancer-associated processes, 
such as tumor-suppressor genes, apoptosis regu-
lators, and transcription factors (Murray et al. 
 2010 ). Further evidence of the biologic signifi -
cance of the miR-302 cluster in malignant GCTs 
has been provided by a study which confi rmed 
differential regulation of a set of microRNAs 
between YSTs and germinomas, including the 
miR-302 cluster, which were predicted to target 
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  Fig. 1.3    Comparison of protein-coding mRNA gene 
expression in pediatric malignant GCTs vs. adult malig-
nant TGCTs. Heatmap comparison of the transcriptional 
profi le of 27 pediatric malignant GCTs with 20 pure (i.e., 
not mixed) histologic diagnosis adult malignant TGCTs 
(From Korkola et al. ( 2006 )). Cases from Korkola et al. 
are given the prefi x  K . The heatmaps are generated from 

genes identifi ed as differentially expressed within histo-
logic subtypes between the two age groups. Segregation 
of adult from pediatric yolk sac tumors is shown on the 
left ( n  = 1,180 genes) and adult from pediatric seminomas 
on the right ( n  = 380 genes).  Blue : lower expression.  Red : 
higher expression (Reprinted with permission from 
Palmer et al. ( 2008 ))       
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the TGF-ß/BMP pathway at multiple sites result-
ing in bone morphogenetic protein (BMP) sig-
naling pathway activation in YSTs (Fustino et al. 
 2011 ). The differential microRNA expression 
observed is likely to contribute to the relatively 
aggressive clinical behavior of YSTs and may 
enable future improvements in clinical diagnosis 
and treatment.

   Regarding clinical diagnosis, the identifi ca-
tion of new universal and predictive biomarkers 
is of signifi cant clinical interest, since the con-
ventional serum tumor markers currently used 
for detecting and monitoring GCTs, AFP and 
HCG show limited sensitivity and specifi city 
(Murray and Nicholson  2011 ) (Göbel et al.  2001 ). 
One study identifi ed that levels of all eight mem-
bers of the miR-371~373 and miR-302 clusters 
were elevated in the serum at the time of pediatric 
YST diagnosis, with levels of miR-372 returning 
to normal during uneventful clinical follow-up 
(Murray et al.  2011 ). Subsequently, it was dem-
onstrated that serum levels of microRNAs from 
these clusters were increased at malignant GCT 
diagnosis, regardless of patient age, histologic 
subtype, or anatomic site of disease (Fig.  1.5 ), 
with the suggestion of an association with tumor 
volume at diagnosis (Murray and Coleman  2012 ). 
These fi ndings were recently replicated by a 
group studying stage I adult TGCTs, with 
increased serum levels of miR-371~373  members 
demonstrated at the time of malignant GCT diag-

nosis, with levels falling rapidly to normal fol-
lowing defi nitive treatment with surgical 
orchidectomy (Belge et al.  2012 ). Importantly, 
nine of the 11 cases had “marker-negative” dis-
ease, i.e., levels of AFP, HCG, and/or LDH were 
not raised at diagnosis (Belge et al.  2012 ). Further 
larger studies are required to confi rm the utility 
of these microRNAs as potential universal candi-
date biomarkers in malignant GCTs, which may 
reduce the need for surveillance imaging for dis-
ease monitoring and detection of tumor recur-
rence in follow-up. In turn, this would decrease 
the radiation burden and potential risk of second 
malignancy experienced by patients (Tarin et al. 
 2009 ; Silva et al.  2012 ). Additionally, targeting 
of microRNAs dysregulated in malignant GCTs 
may represent a new therapeutic approach, for 
example, through targeting of  LIN28  (Murray 
et al.  2013 ) (see Sect.  1.2 ).

1.6           Pathway and Proteomic 
Analysis 

 During the last decade key insights into the molec-
ular basis of cancer have been elucidated, resulting 
in a growing understanding of cancer- associated 
signaling pathways that underlie tumor formation 
and progression. Among these pathways,  Wnt , 
 TGF - beta / BMP ,  PI3K / AKT / mTOR ,  RAS / RAF  and 
 VEGF  signaling are of special interest, as they 
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  Fig. 1.5    Detection of malignant GCT-associated 
microRNAs in patient serum. ( a ) Levels of miR-372 from 
the miR- 371~373 cluster ( left ) and miR-367 from the 
miR-302 cluster ( right ) in the serum at the time of diagno-
sis in eight MGCTs of different patient age, anatomic site, 
and histologic subtype. Expression levels are referenced 
to a pool of control serum samples from six healthy 

 subjects. ( b ) Relationship of serum levels of miR-372 
( left ) and miR-367 ( right ) to total tumor volume at the 
time of diagnosis for the eight MGCTs described above. 
 Abbreviations :  EG  extragonadal,  MGCT  malignant germ 
cell tumor,  TGCT  testicular germ cell tumor (Reprinted 
with permission from Murray and Coleman ( 2012 ))       
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have driven the development of a new generation 
of anticancer drugs, which target specifi c molecu-
lar events/mutations. In malignant GCTs, pathway 
analysis suggests that some of the cellular mecha-
nisms involved in the pathogenesis of different GCT 
subtypes are similar. The generally more aggres-
sive clinical behavior of adult in comparison to 
pediatric malignant GCTs is likely to be due to the 
differential expression of individual protein- coding 
genes within those pathways (Palmer et al.  2008 ). 
This may potentially be due to different genomic 
copy number alterations (Palmer et al.  2007 ) (see 
Sect.  1.4 ) or epigenetic mechanisms (see Sect.  1.3 ) 
observed between the two age groups of patients. 

 Expression of genes involved in cancer- 
associated signaling pathways has been shown 
to differ between YSTs and dysgerminomas in 
childhood GCTs. An mRNA microarray analy-
sis identifi ed signifi cant differential expression 
of genes involved in the  Wnt  pathway between 
these two subtypes (Fritsch et al.  2006 ). Besides 
 WNT13 ,  ß - catenin  was also differentially expres-
sed and showed nuclear translocation in up to 
54 % of YSTs, in contrast to dysgerminomas, 
where this occurred rarely, indicating activa-
tion of  Wnt  signaling in YSTs. Subsequent gene 
expression analysis of intra- and extracellular 
regulators of the  Wnt  pathway confi rmed the dif-
ferential expression of several genes between 
the two subtypes, i.e.,  SFRP s and  DKK1 , 
 predominantly due to epigenetic mechanisms 
(Schönberger et al.  2010 ) (see also Sect.  1.3 ). 
Methylation of these genes is therefore likely to 
account for the overexpression of  Wnt / ß - catenin  
pathway genes seen in YSTs (Fritsch et al.  2006 ; 
Palmer et al.  2008 ). Similarly, differential protein- 
coding gene expression leads to activation of the 
 TGF - beta / BMP  pathway in YSTs, in contrast 
to undifferentiated tumors such as dysgermino-
mas/seminomas, where  BMP  pathway activity is 
absent (Fustino et al.  2011 ). Interestingly, in this 
study differential microRNA expression between 
YSTs and dysgerminomas were implicated to 
account for this observation (see also Sect.  1.5 ), 
rather than epigenetic mechanisms. 

  KIT  and its ligand  KITLG  (steel factor) are not 
only involved in oogenesis and  spermatogenesis 
(see Sect.  1.2 ) but also known to activate the 

 PI3K / AKT / mTOR  and  RAS / RAF  pathway, contrib-
uting to GCT development. Consequently, recent 
research has focused on analysis of  KIT / KITLG  in 
GCTs. Several immunohistochemical studies of 
adult GCTs detected KIT in seminomas in con-
trast to non-seminomatous tumors such as YSTs 
(Bokemeyer et al.  1996 ; Kemmer et al.  2004 ; Nakai 
et al.  2005 ; Biermann et al.  2007 ; Nikolaou et al. 
 2007 ). Additionally, mutations in  KIT  in codon 
816 are associated with the development of bilat-
eral GCTs (Looijenga et al.  2003 ) and advanced 
stages of ovarian dysgerminomas (Cheng et al. 
 2011 ). Genetic and protein analysis identifi ed 
different gain-of-function mutations in the  KIT  
gene (D816V, D816H) in seminomas resulting in 
phosphorylation of KIT and PI3K and therefore 
constitutive activation of the  PI3K  pathway in 
seminomas, even in the absence of KITLG (Nakai 
et al.  2005 ). Unfortunately, although  seminomas 
harboring these activating  KIT  mutations would 
be predicted to respond to the KIT tyrosine kinase 
inhibitor imatinib mesylate, results in clinical 
studies have been disappointing, with no complete 
or even partial remissions (Einhorn et al.  2006 ). 
However, in vitro studies suggest that alternative 
tyrosine kinase inhibitors, such as dasatinib, may 
be more promising as treatment options in vivo 
(Schittenhelm et al.  2006 ). 

 In many human cancers, activating mutations 
in the  KRAS  or  BRAF  gene lead to activation of 
the  RAS / RAF  pathway resulting in overexpression 
of its target  MAPK1  ( ERK ). Although  MAPK1  is 
globally expressed in adult GCTs, activating muta-
tions of  KRAS  and  BRAF  are rare events pointing 
to the involvement of KIT as an upstream protein in 
activation of RAS/RAF signaling (McIntyre et al. 
 2005 ; Sommerer et al.  2005 ). Nevertheless, the 
 BRAF  mutation V600E is detectable in a subgroup 
of chemotherapy- resistant adult GCTs and sig-
nifi cantly correlates with microsatellite instability 
(Honecker et al.  2009 ). Of note, this fi nding could 
not be verifi ed in a cohort of 70 pediatric GCTs, pro-
viding further evidence for age-dependent biologic 
differences and chromosomal/genetic alterations 
between pediatric and adult GCTs (Masque-Soler 
et al.  2012 ). Therefore, more in vitro and in vivo 
studies perturbing the specifi c genes and pathways 
known to be dysregulated in pediatric malignant 
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GCTs are needed in order to increase our under-
standing of this form of the disease. 

 The cancer signaling pathways described above 
are involved in protein translation, apoptosis, cell 
growth, and metabolism. Additionally,  VEGF  sig-
naling results in angiogenesis and in the context of 
tumor development ensures suffi cient nutrient sup-
ply to the rapidly dividing tissues. In GCTs, VEGF 
expression is correlated with metastasis in both 
seminomatous and non- seminomatous adult TGCTs 
(Fukuda et al.  1999 ), assigning VEGF a central role 
in the pathogenesis of advanced and invasive tumor 
stages. Interestingly, VEGF expression is signifi -
cantly higher in teratomas compared to other 
TGCTs or healthy tissue (Jones et al.  2000 ). As a 
result, the VEGF antagonist bevacizumab was suc-
cessfully employed in combination with other che-
motherapy agents in a case of growing teratoma 
syndrome in an adolescent, allowing subsequent 
surgical resection (Calaminus et al.  2009 ). 

 Although there is increasing insight into the 
molecular mechanisms of cancer signaling path-
ways, it is important to view them as an inte-
grated network in the initial development and 
subsequent growth of cancer. Furthermore, fac-
tors such as the tumor microenvironment have 
recently been shown to be important and are 
likely to alter the protein expression within tumor 
cells. Thus, the identifi cation of key molecular 
targets and the establishment of novel therapeutic 
agents in pediatric as well as adult malignant 
GCTs require further functional analysis in vitro 
and in vivo. Future studies integrating mRNA 
and microRNA expression profi les in malignant 
GCTs from patients with good and adverse clini-
cal outcomes are likely to identify regulatory 
pathways and networks associated with treatment 
sensitivity and resistance.     
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2.1            Incidence and Survival 

 Comparing incidence and survival, particularly 
across geographic locations and demographic 
characteristics, is often useful for generating 
hypotheses about risk factors for disease. These 
descriptive analyses can be used to identify dif-
ferences in person, place, and/or time that epide-
miologists can then investigate in future studies 
with individual level data. 

 Two peaks in incidence are typically observed 
for GCTs in both males and females, with the fi rst 
occurring between the ages of 0–4 years and the 
second occurring following puberty (Figs.  2.1  and 
 2.2 ). In males, the incidence in adolescence and 
early adulthood is much higher than in the pediatric 
age group with a peak in the late 20s and early 30s 
(Fig.  2.1 ). In females, the incidence in adolescence 
is similar to the incidence in the pediatric age group 
and, malignant GCTs are very rare in adult women 
(Fig.  2.2 ). This is thought to be due to the more lim-
ited number of germ cells in females in the mature 
ovaries (Moller and Evans  2003 ; Motta et al.  1997 ).
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    Incidence patterns differ by tumor location in 
boys and girls in the pediatric age group, with 
the tumors occurring with equal frequency in the 
testes and extragonadal locations in boys, while 
the tumors in girls are almost exclusively in 
extragonadal locations prior to the age of 4 years 
(Figs.  2.1  and  2.2 ). Several factors may  contribute 
to these differences. The higher rate of gonadal 
GCTs in young boys may refl ect a more permis-
sive environment in the immature testis than in 
the immature ovary. Another factor may be 
physiologic differences between the sexes: in 
females, germ cells undergo a prenatal meiotic 
arrest that persists until puberty, whereas 
in males, mitotic proliferationx of germ cells 
resumes shortly after birth and continues 
throughout childhood (Wilhelm et al.  2007 ). 

 The distribution of tumors by location differs 
in the pediatric and adult age groups, with extrago-
nadal tumors comprising a larger percentage of 

tumors diagnosed in children before the age of 4 
years than individuals diagnosed after age 10 
years. Previous reports have estimated that 
40–55 % of pediatric GCTs are found in extrago-
nadal locations (Bernstein et al.  1999 ; Chen et al. 
 2005a ; De Backer et al.  2008 ; Harms and Janig 
 1986 ; Shu et al.  1995 ), while only 5–10 % of 
GCTs in adults are found in extragonadal loca-
tions (Houldsworth et al.  2006 ; Rescorla and 
Breitfeld  1999 ). This difference is hypothesized 
to be due to differences in the maturity of the 
germ cells that give rise to the tumors in these age 
groups (Oosterhuis et al.  2007 ). Pediatric GCTs 
likely originate from a PGC that underwent 
immediate reprogramming to become a pluripo-
tent embryonic germ cell, while GCTs in adoles-
cents and young adults most likely originate from 
more mature PGCs (Oosterhuis and Looijenga 
 2005 ), which may be unable to survive outside of 
the normal niches of the ovary and testis.  

140

120

100

80

In
ci

de
nc

e 
R

at
e 

(p
er

 1
,0

00
,0

00
 p

er
so

ns
)

60

40

20

0
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55

Age at Diagnosis (Years)

All

Gonadal

Extragonadal

  Fig. 2.1    Age-specifi c incidence of germ cell tumors (per 1,000,000) by tumor location in males in the United States, 
1975–2008 ( Source : Horner et al.  2011 )       
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2.2     International Incidence Rates 

2.2.1      Pediatric GCTs 

 As shown in Figs.  2.3  and  2.4 , considerable 
variation in incidence rates for pediatric GCTs 
is observed worldwide for both boys and girls 
(Parkin et al.  1998 ). These rates include all 
histologic subtypes of germ cell tumors in all 
anatomic locations in children ages 0–14 
years. Rates were not included for registries 
where fewer than ten cases were reported. In 
boys, the highest incidence was observed in 
Maori of New Zealand (9.7/million); Osaka, 
Japan (9.2/million); and Chinese (8.8/million) 
and Malay (7.8/million) in Singapore. The 
lowest rates in boys were observed in Egypt 
(1.4/million), Thailand (1.4/million), and 
Bulgaria (1.6/million) with intermediate rates 

in Norway (5.9/million), Sweden (5.3/mil-
lion), Denmark (5.1/million), and US whites 
(3.5/million). In girls, seven registries reported 
incidence greater than 7/million (Osaka, Japan; 
Seoul, Korea; Chinese of Singapore; US 
blacks; Japan; Tianjin, China; non-Maori of 
New Zealand), while the remaining registries 
reported incidence less than 6/million. With 
the exception of Egypt, all of the cancer regis-
tries in Africa reported fewer than ten cases 
and were not included in this report. These 
data must be interpreted with caution because 
cancer registries differ across countries with 
respect to scope, completeness, and overall 
number of cases observed. However, the rates 
were highest among children with Asian 
ancestry in both boys and girls, particularly in 
Japan, Singapore, China, and New Zealand. 
These observations could suggest a genetic or 
environmental contribution to GCT risk.
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2.2.2         Adult Testicular GCTs 

 The incidence of testicular GCT varies widely 
throughout the world, with rates ranging from 
0.6 per 100,000 men in Gharbiyah, Egypt, to 
17.8 per 100,000 men in Norway (Fig.  2.5 ). 
These rates include testicular cancers in men 
aged 15–49 years. Overall, rates were highest in 
northern and western European countries and 
lowest in African and Asian countries. Central 
and South American countries tended to have 
intermediate rates with the exception of Val-
divia, Chile, which reported one of the highest 
incidence rates in the world (16.2 per 100,000 
men). The incidence in racial and ethnic 
 subgroups in the United States mirrored interna-
tional rates, with relatively high rates in 
non-Hispanic whites (11.7 per 100,000), inter-
mediate rates in Hispanic whites (6.6 per 
100,000), and low rates in black and Asian men 
(2.3 and 3.0 per 100,000 men, respectively). 
The variation in incidence rates by country 
has been reported on extensively in Europe 

(Bray et al.  2006a ,  b ; Jacobsen et al.  2006 ) and 
on a more limited basis worldwide (Chia et al. 
 2010 ; Nicolaides et al.  1994 ; Purdue et al. 
 2005 ). The differing incidence has been hypoth-
esized to be due to an as yet unidentifi ed risk 
factor or factors with differing prevalence across 
countries (Bray et al.  2006b ). Genetic suscepti-
bility may also explain some of the variation.

   The low rates of TGCT in Asian men in adult-
hood are in stark contrast to the incidence rates in 
the pediatric age group, where several registries 
in Asia reported the highest incidence rates in the 
world. Part of the explanation for this difference 
could be due to the inclusion of intracranial and 
other extragonadal GCTs in the pediatric inci-
dence rates, especially considering the high rates 
of intracranial GCT reported in Asia (Kuratsu 
and Ushio  1996 ; Parkin et al.  1998 ; Wong et al. 
 2005 ). However, this is unlikely to explain the 
entire difference as the four highest rates of tes-
ticular GCTs in boys were reported in Chinese in 
Singapore (5.8/million); Lima, Peru (5.6/mil-
lion); Maori of New Zealand (5.4/million); and 
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  Fig. 2.5    International age-adjusted incidence rates of testicular cancer (per 100,000) in males aged 15–49 years. 
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Seoul, Korea (4.6/million) (Parkin et al.  1998 ). 
Further studies will be required to evaluate this 
interesting fi nding.  

2.2.3     Adult Ovarian GCTs 

 Malignant ovarian GCTs are very rare in adult 
women, with rates below 1 per 100,000 women 
in every cancer registry reporting data for IARC’s 
Cancer Incidence in Five Continents (CI5) 
(Curado et al.  2007 ). For this reason, incidence 
rates for adult ovarian GCTs are not presented 
graphically.   

2.3     US Incidence Rates 

2.3.1     Pediatric GCTs 

 Based on data from the National Cancer Institute’s 
Surveillance, Epidemiology and End Results 
(SEER) program, age-adjusted incidence of pedi-
atric GCTs is 2.8/million in boys and 4.3/million 
in girls aged 0–14 years in the United States 
(Horner et al.  2011 ). The most common histo-
logic subtypes of GCTs in the pediatric age group 
are teratomas, yolk sac tumors, and germinomas 
(Fig.  2.6 ). Teratomas and germinomas had a 

higher incidence in girls compared with boys, 
while there was no signifi cant difference in the 
incidence of yolk sac tumors.

   The higher incidence of pediatric GCTs in 
girls was observed in all racial and ethnic sub-
groups, although the difference was not statisti-
cally signifi cant for the other category [includes 
American Indian/Alaskan Native, Asian/Pacifi c 
Islander] (Fig.  2.7 ). The largest difference in inci-
dence between boys and girls was observed in 
blacks, who have the lowest incidence among 
boys in this age group (1.7/million) and the high-
est incidence among girls (5.5/million). These 
rates were signifi cantly different from the 
 incidence rate in whites in both sexes. No signifi -
cant differences were observed in Hispanics or 
children of other races compared with white boys 
or girls (Fig.  2.7 ). Previous studies in the USA 
have reported differences in GCT incidence by 
race and ethnicity. A recent study of Southeast 
Asian children in California reported a higher 
incidence of GCTs in Asians compared with non-
Hispanic whites (Ducore et al.  2004 ). Similarly, 
previous analyses of the SEER data reported 
increased incidence of testicular (Poynter et al. 
 2010a ; Walsh et al.  2008 ) and ovarian (Poynter 
et al.  2010a ) GCTs in Asian/Pacifi c Islanders and 
Native Americans compared with whites. These 
fi ndings are consistent with the high rates of 
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pediatric GCT reported in Asian countries (see 
Sect.  2.2.1  above). The lack of a signifi cant dif-
ference in the data presented here is most likely 
due to the fact that we did not look at incidence 
separately for gonadal and extragonadal GCTs, 
and the increases in previous studies have mainly 
indicated an excess of gonadal GCTs. A higher 
incidence of GCTs in Hispanic children in the 
United States has also been reported (Glazer 
et al.  1999 ; Howe et al.  2006 ; Wilkinson et al. 
 2005 ), and one of these studies found that the 
increased incidence was confi ned mainly to 
gonadal GCTs and reached statistical signifi -
cance only in females (Glazer et al.  1999 ). Any 
explanations for these differing incidence pat-
terns would be purely speculative; however, it is 
possible that genetic factors or differences in hor-
mone levels may play a role.

2.3.2        Adult Testicular GCTs 

 Incidence rates for adult TGCT in the USA have 
been reported on extensively using the SEER 
data (Holmes et al.  2008 ; McGlynn et al.  2003 , 
 2005 ; Shah et al.  2007 ). Adult testicular GCTs 
are grouped by histology into seminomas and 
nonseminomas, which includes yolk sac tumors, 
teratomas, choriocarcinomas, and mixed GCTs 

(Sarma et al.  2006 ). Seminomas are the most 
common histologic subtype, representing about 
60 % of TGCTs (McGlynn et al.  2003 ). The age- 
specifi c incidence of TGCT is slightly different 
by histologic subtype, with the peak incidence of 
nonseminomas occurring between the ages of 
25–29 years, while the incidence of seminoma 
peaks between the ages of 35–39 years (Moller 
 1993 ). TGCT incidence differs widely by race 
and ethnic group. Non-Hispanic whites have the 
highest rates (5.4 per 100,000), followed by 
Hispanic whites (3.6 per 100,000), Asians and 
Pacifi c Islanders/American Indian and Alaskan 
Natives (2.0 per 100,000), and blacks (0.95 per 
100,000) (McGlynn et al.  2003 ).  

2.3.3     Adult Ovarian GCTs 

 The frequency of GCTs relative to other histo-
logic subtypes of ovarian cancer differs widely in 
children and adults, with GCTs representing 
approximately 75 % of malignant ovarian tumors 
in children (Brookfi eld et al.  2009 ) and <5 % of 
malignant ovarian tumors in adults (dos Santos 
Silva and Swerdlow  1991 ; Weiss et al.  1996 ). 
Age-adjusted incidence rates over a 30-year 
period (1973–2002) were 0.34 per 100,000 in the 
United States (Smith et al.  2006 ). The highest 
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incidence rates occur in the 15–19-year age range 
(Poynter et al.  2010a ; Smith et al.  2006 ). 
Malignant teratomas (39 %) are slightly more 
common than dysgerminomas (33 %) or mixed/
other (29 %) histologic subtypes (Smith et al. 
 2006 ). Higher incidence was observed in Asian/
Pacifi c Islanders and Hispanic whites compared 
with whites; however, these differences only 
reached borderline statistical signifi cance (Smith 
et al.  2006 ).  

2.3.4     Trends in Incidence Rates 

 No clear trend in incidence has been observed in 
studies of pediatric testicular GCT, with several 
studies suggesting an increase in incidence (dos 
Santos Silva et al.  1999 ; Lacerda et al.  2009 ; 
Moller et al.  1995 ), while others have observed 
no signifi cant change in incidence (Alanee and 
Shukla  2009 ; Swerdlow et al.  1982 ; Walsh et al. 
 2006 ). Using data from the SEER program, no 
signifi cant increase in incidence was observed in 
boys ages 0–14 years from 1975 to 2008 
(Fig.  2.8 ). This difference may in part be due to 
differences in the age distribution of the various 
study populations. No increase was reported in 
boys ages 0–4 in studies that looked specifi cally 
at this age group (Lacerda et al.  2009 ; Moller 
et al.  1995 ; Poynter et al.  2010a ; Walsh et al. 
 2006 ), while some studies that included adoles-
cents observed a small increase in incidence 
(Alanee and Shukla  2009 ; dos Santos Silva et al. 
 1999 ; Dreifaldt et al.  2004 ; Poynter et al.  2010a ).

   In contrast to the inconsistent data in children, 
the increasing incidence of testicular cancer in 
adults has been well documented (Bergstrom 
et al.  1996 ; dos Santos Silva et al  1999 ; Lacerda 
et al.  2009 ; Liu et al.  2000 ; McGlynn et al.  2003 ; 
Richiardi et al.  2004 ; Weir et al.  1999 ). This 
increase is thought to be the result of a birth cohort 
effect, which supports a role for prenatal expo-
sures in the etiology of this malignancy (Baade 
et al.  2008 ; Bergstrom et al.  1996 ; McGlynn et al. 
 2003 ; Richiardi et al.  2004 ). The birth cohort 
effect is similar for seminoma and nonseminoma 

(Bray et al.  2006a ,  b ; Jacobsen et al.  2006 ; 
McGlynn et al.  2003 ), suggesting a common eti-
ology for the two histologic subtypes of TGCT. 

 Trends in incidence of GCTs in girls have not 
been studied extensively. Several recent analyses 
using the SEER data have evaluated ovarian GCTs 
in both the pediatric and adult populations 
(Brookfi eld et al.  2009 ; Bryant et al.  2009 ; Kumar 
et al.  2008 ; Smith et al.  2006 ). These data suggest 
that the incidence of ovarian GCTs has not changed 
signifi cantly (Smith et al.  2006 ). Similarly, no sig-
nifi cant increase in incidence was reported in girls 
ages 0–14 years, although the trend line does 
appear to be increasing slightly (Fig.  2.8 ).  

2.3.5     Survival 

 Five-year relative survival rates are very high 
overall for GCTs, mainly due to the effectiveness 
of platinum-based chemotherapy (Cushing et al. 
 2004 ; Einhorn and Donohue  1977 ; Gobel et al. 
 2000 ; Mann et al.  2000 ). In the United States, 
5-year relative survival for the period 1996–2000 
was 99 % for boys age 0–14 years, 98 % for girls 
age 0–14 years, 96 % for males 15–49 years, and 
95 % for females 15–49 years (Horner 2011). 
While survival rates are high overall, differences 
are observed by tumor characteristics, age at 
diagnosis, and demographic subgroups. In the 
pediatric age group where extragonadal tumors 
are more common (Houldsworth et al.  2006 ; 
Rescorla and Breitfeld  1999 ), survival is higher 
for tumors located in the gonads than for tumors 
located in extragonadal locations (Bethel et al. 
 1998 ; De Backer et al.  2008 ; Poynter et al.  2010a ; 
Shah et al.  2008 ). For ovarian GCTs, survival is 
higher in the pediatric age group than in the adult 
age group (Smith et al.  2006 ). Age appears to 
play a role in TGCT as well, with men diagnosed 
after the age of 40 having reduced survival com-
pared with men diagnosed at younger ages (Fossa 
et al.  2011 ). Survival differs by race and ethnicity 
in both males and females in the USA (Biggs and 
Schwartz  2004 ; Bryant et al.  2009 ; Fossa et al. 
 2011 ; Smith et al.  2006 ; Sun et al.  2011 ). 
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 Similar to rates in the USA, incidence of TGCT 
has declined markedly in most countries (Bray 
et al.  2006b ; Rosen et al.  2011 ) due to the intro-
duction of platinum-based chemotherapy (Einhorn 
and Donohue  1977 ) and standardized recommen-
dations for diagnosis and treatment (Krege et al. 
 2008 ). Despite these advances, mortality rates are 
considerably higher in Central America, Western 
Asia, and Central and Eastern Europe (Rosen 
et al.  2011 ), suggesting a need for improvement in 
diagnosis and/or treatment in some regions.   

2.4       Risk Factors for Pediatric 
Germ Cell Tumors 

 The etiology of pediatric germ cell tumors remains 
largely unknown. Further elucidation of the etiol-
ogy of GCT in boys may come from results of 
studies of adult testicular cancer, 95 % of which 
are GCTs (Schottenfeld  1996 ). Studies of adult 
ovarian cancer are less applicable as <5 % are 
GCTs (dos Santos Silva and Swerdlow  1991 ; 
Weiss et al.  1996 ). To date, few epidemiologic 
studies have been conducted to evaluate risk fac-
tors specifi cally for pediatric GCTs. Variables that 
have been evaluated as potential risk factors for 

pediatric GCT include family history of cancer, 
congenital abnormalities, in utero exposure to 
 hormones and pesticides, maternal reproductive 
history, and parental smoking, occupation, and 
alcohol consumption, and birth characteristics, 
and genetic susceptibility (Chen et al.  2005a ,  b , 
 2006 ; Fajardo-Gutierrez et al.  1998 ; Johnston 
et al.  1986 ; Shankar et al.  2006 ; Shu et al.  1995 ; 
Swerdlow et al.  1987 ; Walker et al.  1988 ). The evi-
dence for each of these is reviewed briefl y below. 

2.4.1     Family History 

 Given the strong heritability of adult testicular 
GCT (see Sect.  2.5.1 ), one might hypothesize 
that family history may also play a role in pediat-
ric GCT. Studies of family history of cancer in 
children with malignant GCTs are limited in 
number, with only four previous studies reporting 
associations between family history of cancer 
and pediatric GCT (Johnston et al.  1986 ; Poynter 
et al.  2010b ; Shu et al.  1995 ; Walker et al.  1988 ). 
No clear associations between risk of GCT and 
family history of cancer emerged, although none 
of the studies has had power to specifi cally evalu-
ate the relationship with family history of GCT.  
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2.4.2     Cryptorchidism and Other 
Congenital Abnormalities 

 Cryptorchidism, or undescended testes, is another 
well-known risk factor for adult TGCT (see 
Sect.  2.5.2 ). The largest epidemiologic study to 
date of pediatric GCTs reported an ~11-fold 
increased risk of GCTs in males associated with 
cryptorchidism (Johnson et al.  2009c ; Shankar 
et al.  2006 ). In this study, the association was 
observed in males diagnosed both before and after 
2 years of age (Johnson et al.  2009c ). Cryptor-
chidism was reported more often than expected in 
GCT cases in a registry-based study in Japan 
(Nishi et al.  2000 ). In addition, cryptorchidism has 
been reported in several pediatric GCT case series 
and reports (Huddart et al.  1990 ; Li and Fraumeni 
 1972 ; Mukai et al.  1998 ). Associations between 
pediatric GCT and other congenital abnormalities 
have not been entirely consistent, with associa-
tions reported in some (Agha et al.  2005 ; Johnston 
et al.  1986 ,  2009c ; Narod et al.  1997 ; Nishi et al. 
 2000 ) but not all (Rankin et al.  2008 ; Walker et al. 
 1988 ) published studies.  

2.4.3     Maternal Estrogen Levels 

 Two case–control studies have evaluated the 
association between hormonal exposures and 
malignant pediatric GCTs, with one study 
focused exclusively on ovarian GCTs (Walker 
et al.  1988 ) and the other including all extracra-
nial GCTs in both boys and girls (Shankar et al. 
 2006 ). In the ovarian cancer study, the mothers of 
cases with ovarian GCTs were more likely to 
have been exposed to hormone drugs during 
pregnancy than the mothers of controls 
(OR = 3.60, 95 % CI 1.2–13.1 for exposure to 
hormonal pregnancy test, DES or other support-
ive hormones, and inadvertent use of oral contra-
ceptives during pregnancy) (Walker et al.  1988 ). 
In contrast, no signifi cant association was 
observed between exogenous hormone use or 
pregnancy conditions associated with increased 
hormone levels and pediatric GCT in the study 
including both boys and girls (Shankar et al. 
 2006 ). Similarly, the studies evaluating maternal 

estrogen levels and adult TGCT have also been 
mixed (see Sect.  2.5.3 ). Studies in pediatric GCT 
are limited by small sample size as well as diffi -
culty in assessing maternal estrogen levels. These 
confl icting results do not rule out a modest effect 
of maternal estrogen levels on risk of pediatric 
GCTs. Further studies with more accurate mea-
sures of maternal estrogen levels would be 
needed to clarify this association.  

2.4.4     Parental Exposure to 
Pesticides and Other 
Chemicals 

 Parental exposure to pesticides and other chemi-
cals prior to conception and during gestation, 
both occupationally and in the home, have been 
hypothesized as risk factors for childhood cancer, 
including GCTs. An initial analysis of childhood 
cancer data collected by the Children’s Cancer 
Group in the United States found that mothers of 
cases were more likely to report exposure to 
chemicals and solvents or plastic/resin fumes 
than mothers of controls, with relatively large 
risk estimates (OR = 4.6, 95 % CI 1.9–11.3 and 
OR = 12.0, 95 % CI 1.9–75.0, respectively) (Shu 
et al.  1995 ). Occupational exposure to chemicals 
was also reported more often in case parents than 
control parents in a case–control study in the UK 
(Johnston et al.  1986 ). However, these results 
were not confi rmed in a larger case–control study 
by the Children’s Oncology Group (Chen et al. 
 2005b ,  2006 ), although several signifi cant fi nd-
ings were observed in subgroup analyses.  

2.4.5      Parental Lifestyle Factors 

 Given the evidence suggesting that GCTs origi-
nate in utero, a number of parental lifestyle expo-
sures have been evaluated as risk factors. Smoking 
in both mothers (Chen et al.  2005a ; Fajardo-
Gutierrez et al.  1998 ; Johnston et al.  1986 ; Shu 
et al.  1995 ) and fathers (Chen et al.  2005a ; 
Fajardo-Gutierrez et al.  1998 ; Shu et al.  1995 ) 
has been evaluated at time points prior to 
 conception (Fajardo-Gutierrez et al.  1998 ; 
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Johnston et al.  1986 ; Shu et al.  1995 ), during 
pregnancy (Shu et al.  1995 ), and after pregnancy 
(Fajardo-Gutierrez et al.  1998 ), with most studies 
showing no association with pediatric GCT. No 
signifi cant associations have been observed 
between maternal alcohol consumption (Chen 
et al.  2005a ; Johnston et al.  1986 ; Shu et al.  1995 ) 
and maternal vitamin supplementation (Johnson 
et al.  2009b ; Shu et al.  1995 ). Maternal dietary 
patterns during early pregnancy were shown to be 
associated with GCT in an exploratory analysis 
from one study (Musselman et al.  2010 ). Overall, 
the data do not provide strong evidence that 
parental lifestyle factors are a signifi cant risk fac-
tor for pediatric GCTs, although these character-
istics are prone to misclassifi cation and bias in 
epidemiologic studies, so small associations can-
not be ruled out based on the available evidence.  

2.4.6     Birth Characteristics 

 A number of characteristics of the mother and 
child at birth have been evaluated in association 
with GCT, including maternal age at the child’s 
birth, birth order, birth weight, birth length, and 
gestational age. With the exception of one study 
that reported an increased risk of ovarian GCT in 
children born to mothers aged less than 20 years 
(Walker et al.  1988 ), no signifi cant associations 
have been reported between maternal (Chen et al. 
 2005a ; Johnston et al.  1986 ,  2009a ; Shu 
et al.  1995 ; Stephansson et al.  2011 ; Wanderas 
et al.  1998 ) or paternal age (Johnston et al.  1986 , 
 2009a ) and pediatric GCT. Overall, there was no 
association between birth order and risk of pediat-
ric GCT (Johnston et al.  1986 ; Shu et al.  1995 ; 
Swerdlow et al.  1982 ; Von Behren et al.  2011 ; 
Wanderas et al.  1998 ); however, one registry- 
based study showed an increased risk of gonadal 
GCT among children who were fourth born or 
later (OR = 1.54, 95 % CI 1.04–2.29)(Von Behren 
et al.  2011 ), while another showed a nonsignifi -
cant increase in risk of prepubertal testicular GCT 
for fi rst born compared with later born (OR = 1.40, 
95 % CI 0.96–2.05) (Stephansson et al.  2011 ). 
Two studies have shown an increased risk with 
higher birth weight (Chen et al.  2005a ; Shu et al. 

 1995 ), while another showed no association 
(Wanderas et al.  1998 ). Birth length was not sig-
nifi cantly associated with prepubertal testicular 
GCT in two published studies (Stephansson et al. 
 2011 ; Wanderas et al.  1998 ); however, one of 
these showed an increased risk associated with 
higher Ponderal index which is measured as the 
birth weight divided by birth length cubed (kg/m 3 ) 
(Stephansson et al.  2011 ). Three studies reported 
no association (Chen et al.  2005a ; Stephansson 
et al.  2011 ; Wanderas et al.  1998 ) with gestational 
age, while one reported a signifi cantly lower risk 
among infants born after 38 weeks of gestation 
compared with those born at <38 weeks (Shu 
et al.  1995 ). With the exception of birth weight, 
none of the birth characteristics described above 
has emerged as a potential risk factor for pediatric 
GCT overall. It is possible that the etiology may 
differ based on sex or tumor location, but most 
studies have not been adequately powered to eval-
uate these subgroup associations.  

2.4.7     Genetic Susceptibility 

 The early age of onset of pediatric cancers sug-
gests that genetic susceptibility may play an 
important role, through either inherited or de 
novo mutation. Genetic susceptibility has not 
been evaluated extensively in pediatric GCTs, 
although it has been evaluated extensively in 
adult TGCT (see Sect.  2.5.7 ). A recent analysis in 
a small set of pediatric GCTs suggests that some 
of the susceptibility variants may overlap between 
pediatric and adult GCTs (Poynter et al.  2012 ), 
although a larger study will be required to con-
fi rm these fi ndings. Additional studies of genetic 
susceptibility in pediatric GCTs may increase our 
understanding of the etiology of these tumors.   

2.5      Risk Factors for Adult 
Testicular Germ Cell Tumors 

 Risk factors for adult testicular cancer have been 
discussed in detail elsewhere (Sarma et al.  2006 ). 
This chapter will provide a brief review of risk 
factors that have also been evaluated in the 
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 pediatric age group (see Sect.  2.4 ). Other expo-
sures that have been evaluated as risk factors for 
TGCT that are not discussed include, but are not 
limited to, infertility (Raman et al.  2005 ), adult 
height and weight (Lerro et al.  2010 ), and lifestyle 
factors including smoking, alcohol, physical 
activity, and diet (Sarma et al.  2006 ). Risk factors 
will be discussed for adult testicular cancer overall 
and will not be stratifi ed by histologic subtype. 

2.5.1      Family History 

 Family history of testicular cancer is one of the 
few well-established risk factors for adult testicu-
lar GCT (Forman et al.  1992 ), with evidence that 
the relative risk is much higher in brothers (eight 
to ten-fold increased risk) than in fathers (four to 
six-fold increased risk) of testicular GCT patients 
(Bromen et al.  2004 ; Heimdal et al.  1996a ; Lapes 
et al.  1977 ; Polednak  1996 ; Sonneveld et al. 
 1999 ; Westergaard et al.  1996 ). Among cancers, 
TGCT has one of the highest reported heritability 
estimates (Czene et al.  2002 ), although a positive 
family history represents only 1–3 % of all cases 
(Dieckmann and Pichlmeier  1997 ). This strong 
association with family history suggests that 
genetic susceptibility is likely to be important 
(see Sect.  2.5.7  below). Analyses of family his-
tory of other cancers in individuals with testicular 
GCT have produced less consistent results 
(Bromen et al.  2004 ; Chia et al.  2009 ; Heimdal 
et al.  1996b ; Hemminki and Chen  2006 ; 
Hemminki and Li  2004 ; Kaijser et al.  2003 ; 
Kroman et al.  1996 ; Moss et al.  1986 ; Spermon 
et al.  2001 ; Swerdlow et al.  1987 ).  

2.5.2      Testicular Dysgenesis 
Syndrome 

 Cryptorchidism is also a well-known risk factor 
for adult testicular GCT, with relative risk esti-
mates ranging from 2.5 to 11.4 (Sarma et al. 
 2006 ). Based on data from the UK Testicular 
Cancer Study Group, approximately 10 % of tes-
ticular cancers develop in men with cryptorchi-
dism ( 1994 ). Cryptorchidism is one abnormality 

in a spectrum of male reproductive disorders 
termed testicular dysgenesis syndrome (Boisen 
et al.  2001 ; Skakkebaek et al.  2001 ), of which tes-
ticular cancer is the most extreme manifestation 
(Skakkebaek et al.  2003 ). This would suggest that 
cryptorchidism and testicular cancer share com-
mon risk factors and that cryptorchidism per se 
may not be the causal factor. In support of this 
theory, testicular cancer can occur in the contra-
lateral, normally descended testis in men with 
unilateral cryptorchidism (Prener et al.  1996 ); 
however, the risk is considerably lower compared 
with risk in the ipsilateral cryptorchid testis 
(Sarma et al.  2006 ). Data also suggest that earlier 
age at orchiopexy reduces risk of subsequent 
TGCT development, with a sixfold excess in risk 
in boys who are treated after age 10–11 years or 
not at all compared with those who are treated 
earlier (Walsh et al.  2007 ). These data would sup-
port the hypothesis that the microenvironment of 
the undescended testis contributes to the increased 
risk of TGCT and that shared environmental or 
genetic factors for TGCT and  cryptorchidism do 
not provide the entire explanation.  

2.5.3      Maternal Estrogen Exposures 

 Several factors associated with higher estrogen 
levels in mothers during pregnancy have been 
associated with testicular cancer in epidemiologic 
studies, including twin births, birth order, bleeding 
or spotting during pregnancy, and higher maternal 
BMI (Cook et al.  2009 ; Sarma et al.  2006 ). 
A recent meta-analysis of perinatal variables in 
adult TGCT found signifi cant associations for 
maternal bleeding during pregnancy (OR 1.33, 
95 % CI 1.02–1.73), birth order (primiparous vs. 
not OR = 1.08, 95 % CI 1.01–1.16), and sibship 
size, while no signifi cant associations were observed 
for maternal age, maternal nausea, maternal hyper-
tension, preeclampsia, breech delivery, and cesar-
ean section (Cook et al.  2009 ). These data suggest 
that maternal estrogen levels may have a modest but 
signifi cant effect on testicular cancer risk. 

 In addition to the evidence for endogenous 
estrogens, some evidence also exists to support a 
role for exogenous estrogens. Animal studies 
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show that exogenous estrogens lead to the devel-
opment of components of the testicular dysgene-
sis syndrome, including cryptorchidism, 
hypospadias, and dysgenetic gonads (Bullock 
et al.  1988 ; McLachlan et al.  1975 ). Exogenous 
estrogen use in early pregnancy has also been 
associated with an increased risk of TGCT in epi-
demiologic studies (Henderson et al.  1979 ; 
Schottenfeld et al.  1980 ; Weir et al.  2000 ), 
although analyses of diethylstilbestrol (DES) 
exposure, a potent synthetic estrogen, have 
shown mixed results (Giusti et al.  1995 ).  

2.5.4     Pesticides and Other 
Endocrine-Disrupting Agents 

 Pesticide exposure has been hypothesized to 
increase risk of testicular cancer. The incidence of 
testicular cancer was higher than expected in an 
analysis of the offspring of British agricultural 
pesticide users (Frost et al.  2011 ), while a similar 
study in Sweden did not fi nd an increased inci-
dence (Rodvall et al.  2003 ). Endocrine-disrupting 
agents in particular have been hypothesized to 
increase risk due to their ability to act as weak 
estrogens or antiandrogens by binding to the 
estrogen and androgen receptors (McGlynn 
 2001 ). Data from in vitro and in vivo studies pro-
vides evidence that exposure to estrogens and 
endocrine disruptors may infl uence germ cell 
apoptosis (Chaki et al.  2006 ; Delbes et al.  2004 ; 
Lambrot et al.  2009 ; Li et al.  2009 ) and stimulate 
cell proliferation (Bouskine et al.  2008 ,  2009 ). 
Persistent organochlorine pesticides (POP) (Biggs 
et al.  2008 ; Hardell et al.  2003 ; McGlynn et al. 
 2008 ) and polychlorinated biphenyls (Hardell 
et al.  2003 ; McGlynn et al.  2009 ) have been inves-
tigated in epidemiologic studies of adult TGCT, 
with evidence suggesting that POPs (McGlynn 
et al.  2008 ) may be associated with increased risk.  

2.5.5     Maternal Lifestyle Factors 
During Pregnancy 

 Maternal smoking and alcohol consumption have 
also been evaluated as risk factors for adult 

TGCT. Similar to studies in pediatric GCT (see 
Sect.  2.4.5  above), the data do not support a role 
for either maternal smoking (Moller and 
Skakkebaek  1997 ; Moller and Westergaard  1998 ; 
Weir et al.  2000 ) or maternal alcohol consump-
tion (Brown et al.  1986 ; Weir et al.  2000 ) during 
pregnancy and subsequent risk of TGCT in the 
offspring.  

2.5.6     Birth Characteristics 

 Because testicular cancer is hypothesized to be 
initiated in utero, numerous studies have evalu-
ated the association between birth characteristics 
and TGCT, including birth weight and length, 
birth order, gestational age, twin birth, breast-
feeding, and neonatal jaundice. Of these, a recent 
meta-analysis supports an association between 
twin birth (OR = 1.22, 95 % CI 1.03–1.44), birth 
weight (OR = 1.34, 95 % CI 1.08–1.67 for low vs. 
not), and gestational age (OR = 0.95, 95 % CI 
0.92–0.98 per week) and TGCT (Cook et al. 
 2010 ).  

2.5.7       Genetic Susceptibility 

 Given the strong heritability observed in adult 
TGCT (Hemminki and Li  2004 ), genetic suscep-
tibility has been studied extensively (Rapley 
 2007 ). A genome-wide linkage scan for testicular 
cancer identifi ed no signifi cant susceptibility 
alleles, and the authors concluded that the genetic 
risk was most likely due to multiple variants with 
small effects rather that one major susceptibility 
gene (Crockford et al.  2006 ). Consistent with this 
hypothesis, a number of potential susceptibility 
alleles have been identifi ed in recent years using 
both candidate gene studies and GWAS. 
Candidate gene studies have suggested that varia-
tion in genes involved in catechol estrogen metab-
olism (Figueroa et al.  2008 ; Starr et al.  2005 ), 
immune function (Purdue et al.  2007 ), the inhibin 
pathway (Purdue et al.  2008 ), and a Y chromo-
some gr/gr deletion (Nathanson et al.  2005 ) may 
be associated with adult TGCT risk. In addition, 
the gr/gr deletion (Nathanson et al.  2005 ) and 
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mutations in  PDE11A  (Horvath et al.  2009 ) may 
be especially relevant in familial TGCT. Recent 
GWAS identifi ed susceptibility loci for TGCT 
near  KITLG ,  SPRY4 , and  BAK1  (Kanetsky et al. 
 2009 ; Rapley et al.  2009 ). Secondary analyses of 
GWAS data uncovered additional susceptibility 
loci near  DMRT1 ,  TERT , and  ATF7IP  (Kanetsky 
et al.  2011 ; Turnbull et al.  2010 ). Several of these 
loci have been confi rmed in a subsequent analysis 
of familial and bilateral TGCT (Kratz et al.  2011 ). 
These loci were notable both for their relatively 
large effect sizes compared to GWAS of other 
cancers and because they were located in regions 
with genes highly relevant to germ cell biology. 
Additional fi ne mapping and functional studies 
will help elucidate the potential roles of these 
genes in GCTs.   

2.6     Risk Factors for Adult 
Ovarian Germ Cell Tumors 

 Given the low incidence of malignant ovarian 
GCTs in adult women (Fig.  2.2 ), few studies have 
been conducted to evaluate the etiology of these 
tumors. Family history has been evaluated in 
the literature, with mixed results. A study of 74 
cases of ovarian GCT found none with a family 
history (Shulman et al.  1994 ), while other reports 
have described families with cases of both ovar-
ian GCT and either TGCT or extragonadal GCT 
(Giambartolomei et al.  2009 ). The few risk fac-
tors that have been evaluated include infl amma-
tory cytokines during pregnancy (Toriola et al. 
 2011 ) and maternal hormone exposure in cases 
diagnosed before age 35 years (Walker et al. 
 1988 ). The rare nature of GCTs in older women 
limits our ability to identify risk factors. Pooled 
analysis of existing datasets may provide a suffi -
cient sample size for analysis.  

2.7     Summary and Conclusions 

 Evidence suggests that GCTs, including those in 
adults, are initiated in utero. Thus, alterations in 
normal embryonic development are likely to be 
especially relevant to GCT etiology. Studies in 

mouse models that resemble pediatric GCTs and 
studies of adult TGCT have identifi ed suscepti-
bility alleles in genes essential for the normal 
development of PGCs, which deserves further 
investigation. Several variants identifi ed in 
GWAS of adult TGCT have also been shown to 
be associated with GCT in the pediatric age 
group, including in girls (Poynter et al  2012 ). 
This suggests that at least some GCT risk factors 
are common to all age groups. 

 In addition to shared genetic susceptibility, 
recent studies also suggest that cryptorchidism 
and possibly birth weight are shared risk factors 
for pediatric and adult testicular GCT (see 
Sects.  2.4  and  2.5 ). In contrast, other risk factors 
for TGCT in adults, including maternal estrogen 
exposure, have not been associated with GCT in 
the pediatric age group. Given the evidence that 
adult testicular GCTs arise from a more mature 
primordial germ cell (Oosterhuis and Looijenga 
 2005 ), it is not surprising that the etiology is not 
completely overlapping. 

 Less is known about risk for GCTs in females, 
especially in the adult age group. The extremely 
rare occurrence of malignant GCT in the adult 
ovary has made it especially diffi cult to under-
stand etiology. Pooled analysis of available data-
sets may help elucidate potential risk factors. In 
contrast to malignant ovarian GCTs, benign ovar-
ian teratomas are more common in adult women 
(Westhoff et al.  1988 ). Comparisons of benign 
and malignant ovarian teratomas may also pro-
vide some clues. 

 Recent advances in genomic technology will 
provide exciting opportunities to better under-
stand the etiology of this rare and understudied 
group of tumors. In addition to providing valu-
able information regarding etiology, studies of 
GCTs may have far-reaching relevance given the 
recent interest in the role of stem cells in carcino-
genesis (Clark  2007 ; Visvader and Lindeman 
 2008 ). Since early epigenetic reprogramming 
restores pluripotency in germ cells (Donovan and 
de Miguel  2003 ), a better understanding of GCTs 
could provide important insights into the fetal 
origins of carcinogenesis and contribute insights 
into treatment and prevention of pediatric and 
adult tumors.     
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3.1            Yolk Sac Tumor 

 In male infants and toddlers, yolk sac tumor is the 
most commonly occurring pure germ cell tumor 
of the testis. In children, it is also the most 
 commonly occurring malignant germ cell tumor 
component in an otherwise immature teratoma. 

3.1.1     Gross Appearance 

 Grossly, yolk sac tumors are well-circumscribed, 
nonencapsulated, soft to fi rm, homogeneous 
tumors with a gelatinous appearance. Areas of 
hemorrhage, necrosis, or small cyst-like spaces 
may be seen (Fig.  3.1 ).
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  Fig. 3.1    Yolk sac tumor involving the testis. The tumor 
appears well circumscribed, lobulated, and pale tan with 
foci of hemorrhage and small cyst-like spaces       
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3.1.2        Microscopic Appearance 

 Yolk sac tumors are remarkably heterogeneous in 
microscopic appearance both within a tumor and 
between different tumors. They show architec-
tural features that suggest differentiation toward 
extraembryonal endoderm (yolk sac, allantois) 
or somatic endoderm (lung, intestine, liver). 
Cytologically, the tumor cells are relatively 
 uniform with round, polygonal, cuboidal/ 
columnar, or oval shape; high nuclear-to-cyto-
plasmic ratio; clear, vacuolated, or pale 
eosinophilic cytoplasm; mild nuclear pleomor-
phism with variably prominent nucleoli; indistinct 
cell borders; and variable mitotic activity. The 
most common architecture is microcytic or reticu-
lar, where the cells are arranged in sheets, cords, 
or tubules; contain intracytoplasmic vacuoles of 
variable size; and have eccentrically placed nuclei. 
Characteristic intracytoplasmic and/or extracyto-
plasmic hyaline globules may be seen; the glob-
ules are highlighted by periodic acid-Schiff stain 
and are positive for alpha-fetoprotein (AFP) by 
immunohistochemistry (Fig.  3.2 ). The coales-
cence of microcysts may lead to large cystic 
spaces (macrocystic  pattern, Fig.  3.3 ). Although 

not always present, another characteristic feature 
of yolk sac tumors is Schiller-Duval bodies. 
These are glomeruloid structures with a central 
blood vessel surrounded by cuboidal tumor cells, 
which are surrounded by a cystic space and then 
a peripheral rim of fl attened tumor cells 
(Fig.  3.4 ). Endodermal sinus pattern of yolk sac 
tumor is composed of many Schiller-Duval bod-
ies. Solid pattern of yolk sac tumor is composed 
of sheets of tumor cells with pale eosinophilic or 
clear cytoplasm and without cystic spaces 
(Fig.  3.5 ). When the tumor cells are arranged in 
sheets and contain abundant eosinophilic cyto-
plasm, they may resemble primitive liver cells 
(hepatoid pattern). A few other architectural pat-
terns include papillary/tubulopapillary (Fig.  3.6 ), 
micropapillary (Fig.  3.7 ), and glandular/alveolar 
(Fig.  3.8 ). Enteric or endometrioid pattern is a 
type of glandular pattern where the columnar 
cells have abundant clear cytoplasm and often 
subnuclear vacuoles (Fig.  3.9 ). Polyvesicular 
vitelline pattern of yolk sac tumor is composed 
of cystic or vesicular structures that show focal 
constriction and are lined by fl attened to cuboi-
dal tumor cells; the vesicles are haphazardly dis-
tributed in abundant myxoid to fi brous stroma 

  Fig.  3.2    Yolk sac tumor 
with characteristic hyaline 
globules       
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(Fig.  3.10 ). Myxomatous pattern is composed of 
abundant pale basophilic myxoid stroma with 
only scattered tumor cells (Fig.  3.11 ). Parietal 
pattern is composed of densely eosinophilic 
bands of basement membrane-like material dis-
secting in between tumor cells (Fig.  3.12 ).

3.1.3                  Immunohistochemistry 

 Yolk sac tumors are positive for Lin28, SALL4, 
glypican-3, AFP, and cytokeratin and are occa-
sionally focally positive for placental alkaline 

  Fig. 3.3    Yolk sac tumor, 
macrocystic pattern       

  Fig. 3.4    Yolk sac tumor 
with characteristic Schiller-
Duval bodies       
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phosphatase (PLAP) (Fig.  3.13 ). They are usu-
ally negative for OCT3/4, c-kit (CD117), podo-
planin (D2-40), CD30, and human chorionic 
gonadotropin (HCG).

3.2         Seminoma 

 In adults, seminoma is the most commonly occur-
ring pure germ cell tumor. While it most commonly 

  Fig. 3.6    Yolk sac tumor, 
papillary/tubulopapillary 
pattern       

  Fig. 3.5    Yolk sac tumor, 
solid pattern       
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occurs in fourth and fi fth decade, it does occur in 
older children. The term seminoma is used for the 
tumors occurring in testes, while identical tumors 
occurring in ovaries or dysgenetic gonads are 
termed dysgerminoma and those occurring in 
extragonadal sites are called germinomas. 

3.2.1     Gross Appearance 

 Grossly, seminomas are well-circumscribed, 
nonencapsulated, lobulated, soft to fi rm, fl eshy- 
appearing tumors that are typically uniformly tan 
to gray white (Fig.  3.14 ). Areas of necrosis and 

  Fig. 3.7    Yolk sac tumor, 
micropapillary pattern       

  Fig. 3.8    Yolk sac tumor, 
glandular/alveolar pattern       
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hemorrhage may indicate the presence of a non-
seminomatous germ cell tumor component, but 
pure seminomas, particularly large tumors, may 
also show hemorrhage and necrosis.

3.2.2        Microscopic Appearance 

 The typical seminomas are composed of tumor 
cells arranged in monotonous sheets that are 

divided into variably sized nests by fi brovascular 
septa containing variable amounts of lympho-
plasmacytic infl ammation. The tumor cells 
appear primitive and morphologically resemble 
primordial germ cells or gonocytes. They are 
usually uniform, large, round to polygonal, with 
well-defi ned cell membranes, abundant clear 
cytoplasm, round central nucleus, 1–2 prominent 
but small nucleoli, and variable mitotic activity 
(Fig.  3.15 ). Occasional tumors show increased 

  Fig. 3.10    Yolk sac tumor, 
polyvesicular vitelline 
pattern       

  Fig. 3.9    Yolk sac tumor, 
enteric or endometrioid 
pattern with subnuclear 
vacuoles       
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pleomorphism, anisonucleosis, increased nuc-
lear-to-cytoplasmic ratio, larger nucleoli, and 
increased mitoses. These so-called anaplastic 
seminomas have no apparent prognostic impact 
on the disease course (Fig.  3.16 ). Rare semino-
mas show trabecular architecture (Fig.  3.17 ), 
pseudoglandular architecture (Fig.  3.18 ), or foci 
of cystic degeneration. The fi brovascular septa 
may show lymphoid follicles (Fig.  3.19 ) or gran-
ulomatous infl ammation (Fig.  3.20 ). Rarely, the 

fi brous septa may coalesce and the fi brosis may 
become diffuse, giving rise to a sclerotic appear-
ance (Fig.  3.21 ). Dysgerminomas may overgrow 
gonadoblastomas in dysgenetic gonads 
(Fig.  3.22 ). Intratubular germ cell neoplasia 
(ITGCN, seminoma-like cells distributed along 
the periphery of seminiferous tubules) and intra-
tubular seminomas (seminoma-like cells fi lling 
and expanding the seminiferous tubules) may be 
seen adjacent to seminomas.

  Fig. 3.11    Yolk sac tumor, 
myxomatous pattern with 
few tumor cells in abundant 
myxoid stroma       

  Fig. 3.12    Yolk sac tumor, 
parietal pattern with tumor 
cells separated by bands 
of dense, basement 
membrane-like material       
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3.2.3               Immunohistochemistry 

 Seminomas are positive for PLAP, c-kit (CD117), 
podoplanin (D2-40), OCT3/4, SALL4, and Lin28 
(Fig.  3.23 ). They may show focal/weak reactivity 
for cytokeratin and CD30 and do not stain for 
glypican-3, AFP, or HCG. Rarely, HCG-positive 

syncytiotrophoblasts may be present in otherwise 
typical seminomas; scattered syncytiotropho-
blasts by themselves are not indicative of a com-
ponent of choriocarcinoma and do not affect the 
prognosis, but may lead to elevated levels of 
serum HCG. ITGCN and intratubular seminomas 
show staining patterns similar to seminomas.

LIN 28 SALL4

Glypican 3 AFP

Cytokeratin PLAP

  Fig. 3.13    Yolk sac tumor is immunoreactive for ( a ) Lin28, ( b ) SALL4, ( c ) glypican-3, ( d ) AFP, ( e ) cytokeratin, and ( f ) 
PLAP (focal)       
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3.3         Embryonal Carcinoma 

 In adults, embryonal carcinoma is the second 
most common pure germ cell neoplasm of the 
testis. In contrast, pure embryonal carcinoma of 
either the testis or ovary is exceedingly rare in 
children and adolescents, although embryonal 
carcinoma is a common component of mixed 
germ cell tumors. 

3.3.1     Gross Appearance 

 Grossly, embryonal carcinomas are nonencapsu-
lated, often with ill-defi ned borders, soft to fi rm, 
inhomogeneous tumors with smooth to granular, 
gray white cut surfaces that bulge above the 
adjacent testicular parenchyma. Areas of hemor-
rhage and necrosis are often present (Fig.  3.24 ).

3.3.2        Microscopic Appearance 

 Embryonal carcinomas are composed of malig-
nant cells arranged in solid, glandular, and papil-
lary patterns with foci of hemorrhage, necrosis, 
and fi brosis (Fig.  3.25 ). The malignant cells are 
pleomorphic, large, and epithelioid, with poorly 
defi ned cell membranes, abundant amphophilic 
cytoplasm, and large, irregular nuclei with vesic-
ular chromatin and large, prominent nucleoli 
(Fig.  3.26 ). Particularly in areas with solid archi-
tecture, indistinct cytoplasmic borders and 
nuclear overlapping impart a syncytial appear-
ance. Mitotic activity is brisk and abnormal 
mitotic fi gures are usually present. Giant anaplas-
tic tumor cells may be present. In some tumors, 
fi brous stroma is prominent and may vary from 

  Fig. 3.14    Seminoma appears as a well-circumscribed, 
lobulated, fl eshy, uniformly tan tumor       

  Fig. 3.15    Seminoma is 
composed of uniform, large, 
round to polygonal cells, 
with well-defi ned cytoplas-
mic membranes, abundant 
clear cytoplasm, round 
central nuclei, and 1–2 
prominent but small nucleoli       
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paucicellular to densely cellular (Fig.  3.27 ); how-
ever, the presence of cellular mesenchymal tissue 
by itself does not warrant a diagnosis of teratoma 
(Young  2008 ). Intratubular embryonal carcinoma 
(embryonal carcinoma fi lling and expanding the 
seminiferous tubules) is often seen within and 
adjacent to the tumor (Fig.  3.28 ).

3.3.3           Immunohistochemistry 

 Embryonal carcinomas are positive for CD30, 
PLAP, OCT3/4, SALL4, Lin28, and pancytoker-
atin (Fig.  3.29 ). They may show focal/weak reac-
tivity for AFP and podoplanin (D2-40) and do 
not stain for EMA, glypican-3, c-kit (CD117), or 

  Fig. 3.16    Seminoma with 
anaplastic features including 
nuclear pleomorphism, 
anisonucleosis, increased 
nuclear-to- cytoplasmic ratio, 
larger nucleoli, and increased 
mitoses       

  Fig. 3.17    Seminoma with 
trabecular architecture       
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HCG. Rarely, HCG-positive syncytiotropho-
blasts may be present in otherwise typical embry-
onal carcinomas; scattered syncytiotrophoblasts 
in the absence of cytotrophoblasts are not indica-
tive of a component of choriocarcinoma and do 
not affect the prognosis, but may lead to elevated 
levels of serum HCG.

3.4         Mature and Immature 
Teratoma 

 Teratomas arise in both gonadal and extragonadal 
sites, including the sacrococcygeal region, retro-
peritoneum, mediastinum, neck, and central ner-
vous system. They may be pure or a component 

  Fig. 3.18    Seminoma with 
pseudoglandular architecture       

  Fig. 3.19    Seminoma with 
lymphoid follicle       
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of mixed germ cell tumors and mature or imma-
ture. Behavior varies with the location of the 
tumor and age at presentation and, depending on 
these factors, may be independent of histology. 

3.4.1     Gross Appearance 

 Teratomas may be predominantly cystic, solid 
and cystic, or predominantly solid tumors and 
are often very large. Tumors usually appear well 

demarcated from the surrounding uninvolved tis-
sue, although the borders of some extragonadal 
tumors are less well defi ned. The cystic compo-
nents may contain hair, sebaceous or keratinous 
material, or clear, serous, or mucinous fl uid 
(Fig.  3.30 ). The solid components may be 
smooth, nodular or lobulated, gelatinous, soft, or 
fi rm, and white, gray, tan, red, or dark brown 
(Fig.  3.31 ). Tissues, such as cartilage, bone, 
teeth, brain, cerebellum, and pigmented retina, 
may be recognizable grossly. Predominantly 

  Fig. 3.20    Seminoma with 
granulomatous infl ammation       

  Fig. 3.21    Seminoma with 
diffuse fi brosis       
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  Fig. 3.22    Dysgerminoma 
overgrowing gonadoblas-
toma in dysgenetic gonad       

PLAP

D2–40 OCT3/4

CD117

  Fig. 3.23    Seminoma is immunoreactive for ( a ) PLAP, ( b ) c-kit (CD117), ( c ) podoplanin (D2-40), ( d ) OCT 3/4, 
( e ) SALL4, and ( f ) Lin28       
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cystic teratomas are usually mature and infre-
quently contain immature or malignant ele-
ments. In contrast, solid and cystic and 
predominantly solid teratomas may be either 
mature or immature and should be extensively 
sampled to exclude the presence of malignant 
germ cell elements.

3.4.2         Microscopic Appearance 

 Teratomas are composed of haphazardly 
arrayed tissues representing the three germ 

 layers,  ectoderm, mesoderm, and endoderm. 
As the name implies, mature teratomas consist 
of mature  elements that are easily recognized 
as histologically corresponding to their non-
neoplastic counterparts (Fig.  3.32 ). Common 
ectodermal components include skin, adnexal 
structures, neuroglial tissue, choroid plexus, 
and teeth, while common endodermal elements 
include respiratory and digestive mucosa, pan-
creatic tissue, and thyroid. Mesodermal ele-
ments include adipose tissue, cartilage, bone, 
and skeletal and smooth muscle. The component 
tissues show varying degrees of organization 
and may recapitulate the structure of an organ. 
Immature teratomas are characterized by the 
presence of elements with histologic features 
of their fetal or embryonal counterparts. The 
most common immature elements are neuroec-
todermal tissue and cellular mesenchyme, but 
some tumors also contain immature epithelium, 
rhabdomyoblasts, or other primitive  tissues. 
Immature neuroectodermal tissue consists of 
immature neuroepithelial cells arranged in 
sheets, columnar embryonal cells with stratifi ed 
hyperchromatic nuclei arrayed in tubules reca-
pitulating primitive neurotubules, neuroblasts, 
and immature glia (Fig.  3.33 ). Mitotic activity 
is present and often brisk. Histologic grading 
of immature teratomas is based on quantifi ca-
tion of the immature neuroectodermal  elements, 
with Grade 1 defi ned by rare foci occupying not 
more than one  low-power fi eld per slide, Grade 
2 defi ned by multiple foci occupying up to three 
low-power fi elds per slide, and Grade 3 defi ned 

  Fig. 3.24    Embryonal carcinoma involving the testis. The 
tumor appears nonencapsulated, smooth, gray white with 
focal hemorrhage and bulges above the adjacent testicular 
parenchyma       

SALL4 LIN28

Fig. 3.23 (continued)
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by numerous foci occupying four or more 
low- power fi elds per slide (Norris et al.  1976 ). 
Although this grading system is useful for imma-
ture ovarian teratomas in adults in whom prog-
nosis is related to grade (O’Connor and Norris 
 1994 ), its applicability to immature teratomas of 
the ovary and other sites in the pediatric popula-
tion is less clear, as prognosis appears to be inde-
pendent of histologic grade (Heifetz et al.  1998 ; 
Marina et al.  1999 ; Cushing et al.  1999 ; Ross 
et al.  2002 ; Heerema-McKenney et al.  2005 ; Lu 
and Gershenson  2005 ). Immature teratomas may 

harbor malignant germ cell elements, most com-
monly yolk sac tumor, and, rarely, malignant 
somatic elements, such as rhabdomyosarcoma, 
primitive neuroectodermal tumor, nephroblas-
toma (Wilms tumor), or carcinoma.

3.4.3         Immunohistochemistry 

 The major role for immunohistochemistry in ter-
atomas is to confi rm the identity of suspected 
malignant elements (Fig.  3.34 ).

a

b

  Fig. 3.25    Embryonal 
carcinoma with areas of 
( a ) solid and ( b ) glandular 
growth       

 

3 Pathology of Germ Cell Tumors



52

  Fig. 3.26    Embryonal 
carcinoma is composed of 
pleomorphic, large, 
epithelioid cells with poorly 
defi ned cell membranes, 
abundant amphophilic 
cytoplasm, and large, 
irregular nuclei with 
vesicular chromatin and 
large, prominent nucleoli. 
Indistinct cytoplasmic 
borders and nuclear 
overlapping impart a 
syncytial appearance       

  Fig. 3.27    Embryonal 
carcinoma with highly 
cellular stroma       
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  Fig. 3.28    Intratubular 
embryonal carcinoma fi lls 
and markedly expands a 
seminiferous tubule       

CD30

OCT3/4 SALL4

PLAP

  Fig. 3.29    Embryonal carcinoma is immunoreactive for ( a ) CD30, ( b ) PLAP, ( c ) OCT 3/4, ( d ) SALL4, ( e ) Lin28, and 
( f ) cytokeratin       
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  Fig. 3.30    Mature teratoma with a prominent cystic com-
ponent containing hair and sebaceous material       

  Fig. 3.31    Immature teratoma appearing as a predomi-
nantly solid tumor       

LIN28 Cytokeratin

Fig. 3.29 (continued)
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  Fig. 3.32    Mature teratoma 
with ( a ) brain (neuroglial 
tissue), pancreatic tissue, and 
smooth muscle; ( b ) 
pancreatic tissue, cartilage, 
smooth muscle, pigmented 
retinal epithelium, and 
mucin-rich intestinal 
epithelium; and ( c ) brain, 
bone, and cystic spaces lined 
by nonkeratinizing squa-
mous, ciliated respiratory, 
and cuboidal epithelium         

a

b
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c
Fig. 3.32 (continued)

a

  Fig. 3.33    Immature 
teratoma, ( a ) Grade 1, 
characterized by this small 
focus of immature neural 
tissue, and ( b ) Grade 3, with 
abundant, immature neural 
tissue forming primitive 
neural tubules       
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  Fig. 3.34    An immunohisto-
chemical stain for Lin28 
highlights yolk sac tumor, 
while the adjacent immature 
neuroepithelial elements are 
negative in this immature 
teratoma with foci of yolk 
sac tumor       

b
Fig. 3.33 (continued)
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3.5         Mixed Germ Cell Tumors 

 Mixed germ cell tumors are malignant neo-
plasms composed of two or more types of germ 
cell tumor and have histologic and immuno-
phenotypic features characteristic of the vari-
ous components, as discussed in Sects.   4.1    , 
  4.2    ,   4.3    , and   4.4    .     
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4.1            Introduction 

 Malignant germ cell tumors (MGCTs) account 
for 3.5 % of all pediatric cancers that occur before 
15 years of age, making them approximately 
as common as childhood rhabdomyosarcomas, 
bone sarcomas, or retinoblastomas (Howlader 
et al.  2011 ). In children between 15 and 19 years 
of age, germ cell tumors account for 13.9 % of 
neoplasms, becoming the second most common 
malignancy (after Hodgkin’s lymphoma) in this 
age group. Based on the most recent estimates 
from the Surveillance, Epidemiology, and End 
Results (SEER) Program of the National Cancer 
Institute, there are about 900 new cases of MGCT 
diagnosed in the United States each year among 
persons less than 20 years of age. 

 The dramatic increase in proportion with age 
is due to the sharp rise in the incidence of testicu-
lar germ cell tumors in postpubertal boys and 
young adult men (Wood et al.  2010 ). The natural 
consequence of this epidemiologic pattern is that 
a much larger sample size for clinical trials has 
been possible in adult testicular MGCTs, and 
thus much of what is fi rst empirically discovered 
about risk stratifi cation and treatment of MGCTs 
is based on investigations in this population. 

 The development of effective treatments for 
MGCTs has been one of the major successes of 
clinical oncology. In the 1950s–1970s, combina-
tion chemotherapy with various regimens such as 
vincristine, actinomycin D, and cyclophosphamide 
(VAC) produced occasional complete responses 
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in MGCTs. However, the major  breakthrough 
in the treatment of MGCT came in 1977, when 
Einhorn and Donohue added cisplatin to create 
a PVB regimen and obtained 100 % response 
and 64 % survival in men with disseminated tes-
ticular GCTs (Einhorn and Donohue  1977 ). This 
landmark report established the crucial role of 
cisplatin within combination chemotherapy regi-
mens in treating germ cell tumors, and since then 
every successful regimen for treating MGCTs has 
contained a platinum compound. Etoposide was 
introduced in the 1980s, and early studies of the 
combination of cisplatin and etoposide for relapsed 
MGCTs represented the fi rst time an adult solid 
tumor was cured with second- line chemotherapy 
(Einhorn  2002 ). This spawned the development 
of the PEB (cisplatin, etoposide, bleomycin) com-
bination (Loehrer  1991 ), and a randomized study 
showed its superiority over the previous PVB regi-
men (Williams et al.  1987 ). Several subsequent 
randomized controlled trials further fi ne-tuned the 
risk stratifi cation and duration of treatment, but 
PEB or PE remained established as the standard of 
care for adult testicular MGCTs. 

 Childhood MGCTs differ from the adult disease 
in many important ways, including the distribution 
of site, stage, histology, and genetics. Moreover, 
long-term toxicities of chemotherapy that may be 
acceptable in an adult patient can have more sig-
nifi cant consequences for the young patient who is 
undergoing growth and development. Thus, while 
building on the results of studies in adult testicular 
MGCTs, pediatric oncology collaborative groups 
have tested, adapted, or modifi ed these experi-
ences in their own ways. An enduring challenge 
has been determining which of the fi ndings from 
adult studies can be extrapolated to children and 
which require alternative approaches.  

4.2     Development and Evolution 
of Treatment Regimens for 
Malignant Germ Cell Tumors 
in Children 

 Cure rates for the disease in children has improved 
dramatically over time, with overall survival 
(OS) rates increasing from about 40 % in the 

1970s (Brodeur et al.  1981 ) to over 85 % in most 
recent trials. This success can be attributed to the 
development of a multidisciplinary treatment 
strategy utilizing both surgical tumor resection 
and systemic combination chemotherapy. Under 
select circumstances, one or the other modality 
alone can also be suffi cient for cure. 

 MGCTs are chemosensitive tumors. Active 
single agents include platinum compounds 
(cisplatin, carboplatin, oxaliplatin), etoposide, 
vinblastine, bleomycin, ifosfamide, cyclophos-
phamide, actinomycin D, and paclitaxel. The 
commonly used combination  regimens, and their 
corresponding acronyms, are listed in the abbre-
viations in Tables  4.1 ,  4.2 ,  4.3 ,  4.4 , and  4.5 .      

 This chapter will review the published expe-
riences and outcomes of trials for childhood 
MGCTs across some of the pediatric oncology 
cooperative groups. It is important to mention 
at the outset that each group has historically 
used different systems for staging, risk stratifi -
cation, inclusion criteria, and outcome mea-
sures. The various staging systems used by the 
different pediatric and adult cooperative groups 
are shown in Tables  4.6 ,  4.7 ,  4.8 ,  4.9 ,  4.10 , and 
 4.11 . Therefore, this review and the summary 
of results in Tables  4.1 ,  4.2 ,  4.3 ,  4.4 , and  4.5  
should not be seen as a comparison of relative 
effectiveness. Rather, it is meant to refl ect the 
diversity and common aspects of approaches 
available globally for the treatment of child-
hood MGCTs.       

 Despite the differences in the details, MGCT 
by its nature lends itself to a trichotomous “func-
tional” classifi cation, which also neatly outlines 
the clinical and research priorities for each of 
three risk groups. 

 In this scheme, a low-risk group can be 
defi ned as one where patients can be initially 
managed with surgical resection alone followed 
by active surveillance. Adjuvant chemotherapy 
is reserved only for those patients who recur on 
surveillance. While fi rst events may increase 
without the use of upfront chemotherapy, the 
second event-free survival and overall survival 
of patients treated on this strategy are unaffected 
and close to 100 %. The majority of children 
can thus be spared chemotherapy. It is generally 
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agreed that patients with stage I testicular 
tumors that are completely resected via an 
inguinal orchiectomy and have normalized 
tumor markers can be managed with this strat-
egy (Schlatter et al.  2003 ; Wood et al.  2010 ). An 
area of ongoing research and controversy is 
whether the same strategy can be applied to 
other patients, including completely resected 
ovarian or extragonadal tumors. 

 An intermediate-risk group defi nes those 
patients who do require chemotherapy but who 
have excellent outcomes with current regi-
mens. The research priority for these children 
focuses on maintaining the high cure rates 
while minimizing late effects or the burden of 
treatment. 

 Lastly, a high-risk group represents patients 
who have unsatisfactory outcomes on current 
regimens and for whom further improvements in 
cure rates are still needed. 

    4.2.1 The North American Experience 

 In the 1990s, the North American Pediatric 
Oncology Group (POG) and the Children’s 
Cancer Group (CCG) together conducted two 
intergroup studies to determine the optimal man-
agement for children with MGCTs (Tables  4.1  
and  4.6 ). The North American studies utilized 
the PEB regimen as developed in adult studies, 
but due to concerns regarding pulmonary toxic-
ity in children, they decreased the frequency of 
administration of bleomycin from once every 
week to once every 3 weeks. Of note, the reduced 
frequency of bleomycin was never studied in a 
comparative manner against the weekly dose 
administration. 

 The POG 9048/CCG 8882 study for low- and 
intermediate-risk groups asked fi rstly whether 
stage I testicular NGGCTs in prepubertal boys 
(under 10 years old) could be successfully treated 

     Table 4.2    Pediatric GCT trials, United Kingdom   

 Study  Inclusion  Site/stage  Treatment  Number  EFS  OS  Regimen  Author 
 GC I  NGGCT and 

germinomas, 
all risk groups, 
age <16 years 

 Testis I  Surgery  53  41/53  100 %  PEB: 
  Cisplatin 100 mg/
m 2  on day 1 
  Etoposide 
120 mg/m 2 /
day × 3 days 
  Bleomycin 15 mg/
m 2  on day 2 b  
 Given until CR plus 2 
additional cycles 
(median 5 cycles) 

 Mann 
et al. 
( 1989 ) 

 1979–1987  All others  PEB a   33  84 % 

 GC II  NGGCT and 
germinomas, 
all risk groups, 
age <16 years 

 Testis I  Surgery  51  40/51  100 %  JEB every 3–4 
weeks: 
  Carboplatin 
600 mg/m 2  on day 2 
  Etoposide 
120 mg/m 2 /day for 
3 days 
  Bleomycin 
15 mg/m 2  on day 3 
 Given until CR plus 2 
additional cycles 
(median 5 cycles) 

 Mann 
et al. 
( 2000 ) 

 1989–1997  Other 
stage I 

 JEB  22  100 % 

 Stage II  JEB  32  94 % 
 Stage III  JEB  35  85 % 
 Stage IV  42  78 % 
 All JEB 
pts 

 JEB   N  = 137 c   88 %  91 % 

    Abbreviations :  JEB  carboplatin, etoposide, and bleomycin 
  a Th e study included 126 children of whom 78 received chemotherapy with various regimens. Only those who received 
platinum-based chemotherapy are shown here 
  b Six children were given bleomycin weekly 
  c Six children had unknown stage  

4 Clinical Treatment of Extracranial Pediatric Germ Cell Tumors
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    Table 4.4    Pediatric GCT trials, French Society of Pediatric Oncology   

 Study  Inclusion  Site/stage  Treatment  Number  EFS  OS  Regimen  Author 
 TGM 85  Localized 

NGGCT a  
 Completely 
resected 

 Surgery 
alone 

 20  CA/PVB for 3 cycles: 
   Actinomycin 10 μg/kg 

days 1–5 
   Cyclophosphamide 

300 mg/m 2  days 1–5 
   Vinblastine 3 mg/m 2  

days 22–23 
   Bleomycin 15 mg/m 2  

days 22–23 
   Cisplatin 100 mg/m 2  

days 24 

 Baranzelli 
et al. 
( 1999 )  1985–

1989 
 Incompletely 
resected 

 CA/PVB  41  CR 
90 % 

 88 % at 
3 years 

 TGM 90  Localized 
NGGCT a  

 Completely 
resected 

 Surgery 
alone 

 34  CA/JVB: 
   Actinomycin 

15 μg/kg days 22–24 
   Cyclophosphamide 

500 mg/m 2  days 22–24 
   Vinblastine 3 mg/m 2  

days 1–2 
   Bleomycin 15 mg/m 2  

days 1–2 
   Carboplatin 400 mg/

m 2  days 3 
 Given until CR plus 2 
additional cycles 

 Baranzelli 
et al. ( 1999 ) 

 1990–
1994 

 Incompletely 
resected 

 CA/JVB  40  CR 
58 % 

 78 % at 
3 years 

    Abbreviations :  CA  cyclophosphamide and actinomycin,  JVB  carboplatin, vinblastine, and bleomycin 
  a Children under 1 year old were excluded from published analysis  

    Table 4.5    Pediatric GCT trials, Brazilian Pediatric Oncology Society   

 Study  Inclusion  Site/stage  Treatment  Number  EFS  OS  Regimen  Author 
 GCT-91  52 NGGCT, 14 

germinomas, 40 
teratomas 

 Testis I  Surgery  35  PE for 5 cycles: 
   Cisplatin 

20 mg/m 2  x 5 days 
   Etoposide 

100 mg/m 2  × 5 days 
 HPE for 5 cycles: 
   Cisplatin 30 mg/

m 2  × 5 days 
   Etoposide 

120 mg/m 2  × 5 days 
   Changed to VIB if 

not in CR by 3 
cycles 

 Lopes 
et al. 
( 2009 ) 

 1991–
2000 

 Testis II, 
Ovary Ic, 
EG I–II 

 PE  18  89 % at 
5 years 

 All 
sites III–IV 

 HPE  53  76 % 

    Abbreviations :  HPE  high-dose cisplatin and etoposide,  VIB  vinblastine, ifosfamide, and bleomycin  
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with surgical resection and surveillance alone 
(Schlatter et al.  2003 ; Rogers et al.  2004 ). This 
strategy produced a 6-year event-free survival 
(EFS) of 82 %. All boys who recurred could be 

rescued with chemotherapy, and the overall 
 survival of this approach was 100 %. 

 Secondly, it asked whether children with stage 
II testicular and stage I–II ovarian GCTs could 
be treated with standard-dose PEB, with bleo-
mycin given once every 3 weeks. Standard PEB 
included cisplatin at a dose of 20 mg/m 2 /day for 
5 days (100 mg/m 2 /cycle) for a total of 4 cycles. 
Children in each group had excellent overall sur-
vivals of over 93 % (Billmire et al.  2004 ; Rogers 
et al.  2004 ). 

 The second intergroup study, POG 9049/
CCG 8891, was a randomized trial that investi-
gated whether a twofold cisplatin dose escala-
tion could improve survival in high-risk patients 
compared to standard-dose PEB (Cushing 
et al.  2004 ). The high-risk group for this trial 
included children with stage III–IV gonadal or 
stage I–IV extragonadal tumors. The high-dose 
PEB (HD-PEB) regimen administered cisplatin 
at a dose of 40 mg/m 2 /day for 5 days (200 mg/
m 2 /cycle). Children who were not in CR after 
4 cycles received an additional 2 cycles of the 
assigned treatment as consolidation. Thus, the 
cumulative dose of cisplatin in the high-dose 
arm was 800–1,200 mg/m 2 . 

 With cisplatin dose intensifi cation, EFS 
improved signifi cantly from 80 to 90 %. OS 
improved from 86 to 92 % but did not achieve 
statistical signifi cance. However, the utility of the 
high-dose PEB strategy was limited by its signifi -
cant ototoxicity. In the HD-PEB arm, 67 % of 
children needed hearing aids, as opposed to about 
10 % in the standard-dose PEB arm (Cushing 
et al.  2004 ; Li et al.  2004 ). 

 The results of the fi rst two intergroup studies 
allowed refi ning the risk stratifi cation for the next 
generation of studies by the Children’s Oncology 
Group (COG), AGCT0132 and AGCT01P1. The 
newly stratifi ed low-, intermediate- and high-risk 
groups followed the aforementioned functional 
classifi cation scheme (Marina  2006 ). 

 The low-risk group now included stage I 
testicular and stage I ovarian GCTs. It was 
hypothesized that stage I ovarian GCTs might 
also be successfully managed with surgery and 
surveillance alone, with PEB chemotherapy 
reserved for recurrences. Emerging evidence 

     Table 4.6    Staging system used by Children’s Oncology 
Group GCT trials   

 Staging of testicular, ovarian, and extragonadal tumors 

 Testicular 
 I  Limited to testis, completely resected by high 

inguinal orchiectomy; no clinical, radiologic, 
or histologic evidence of disease beyond the testis; 
tumor markers normal after appropriate half-life 
decline; patients with normal or unknown markers 
at diagnosis must have negative ipsilateral 
retroperitoneal lymph node sampling to confi rm 
stage I disease if radiographic studies demonstrate 
lymph nodes >2 cm. Patients who have undergone 
scrotal orchiectomy with high ligation of cord are 
stage I 

 II  Transcrotal biopsy; microscopic disease in 
scrotum or high in spermatic cord (≤5 cm from 
proximal end). Failure of tumor markers to 
normalize or decrease with appropriate half-life 

 III  Retroperitoneal lymph node involvement but no 
visceral or extra-abdominal involvement. Lymph 
nodes >4 cm by CT or >2 and >4 cm with biopsy 
proof 

 IV  Distant metastases, including liver 
 Ovarian 
 I  Limited to ovary (peritoneal evaluation should be 

negative). No clinical, radiographic, or histologic 
evidence of disease beyond the ovaries. (Note: 
presence of gliomatosis peritonei does not result in 
changing stage I disease to a higher stage.) 

 II  Microscopic residual; peritoneal evaluation 
negative. (Note: presence of gliomatosis peritonei 
does not result in changing stage II disease to a 
higher stage.) Failure of tumor markers to 
normalize or decrease with an appropriate half-life 

 III  Lymph node involvement (metastatic nodule); 
gross residual or biopsy only; contiguous visceral 
involvement (omentum, intestine, bladder); 
peritoneal evaluation positive for malignancy 

 IV  Distant metastases, including liver 
 Extragonadal 
 I  Complete resection at any site; coccygectomy for 

sacrococcygeal site; negative tumor margins 
 II  Microscopic residual; lymph nodes negative 
 III  Lymph node involvement with metastatic disease. 

Gross residual or biopsy only, retroperitoneal 
nodes negative or positive 

 IV  Distant metastases, including liver 

  Adapted from Children’s Oncology Group protocol 
AGCT0132  
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from  observational studies had suggested that 
 surveillance might also be a safe and feasible 
strategy for completely resected ovarian GCTs 
(Dark et al.  1997 ; Mitchell et al.  1999 ; Baranzelli 
et al.  2000 ; Gobel et al.  2000 ,  2003 ; Mann et al. 
 2000 ; Palenzuela et al.  2008 ; Patterson et al. 
 2008 ). There were 31 girls with stage I ovarian 
non- germinomatous germ cell tumors (NGGCTs) 
enrolled on the AGCT0132 study, of whom 12 
had recurrent disease and were then treated with 
PEB. One patient died, but she had shown only 
a transient response to PEB chemotherapy. The 
3-year EFS was 52 % and OS was 95 % (Frazier 
et al.  2010 ). Thus, ~50 % of patients were spared 
all exposure to chemotherapy, and the overall 
survival outcome may have been no different 
when compared to a strategy of standard adju-
vant chemotherapy. These results suggest that 
surveillance may be an acceptable option for 
stage I ovarian MGCTs. The higher proportion 
of recurrences compared to stage I testicular 
MGCTs may not be due to an intrinsic biologic 
difference but rather may refl ect the increased 
diffi culty of accurately staging the often larger, 
intra- abdominal ovarian tumors. 

 The intermediate-risk group now included 
stage II–IV testicular, stage II–III ovarian, and 
stage I–II extragonadal tumors. Note that the 
intermediate-risk group was expanded to include 

    Table 4.7    GCT staging system used by UKCCSG trial   

 Stage 

 Site of origin of tumor 

 Testis  Ovary 

 Uterus, vagina,
prostate of
sacrococcygeal region 

 Abdomen, 
retroperitoneum, 
thorax, or others 

 I  Tumor confi ned to testis  Tumor confi ned 
to ovary 

 Tumor confi ned to 
organ/site of origin 

 Tumor confi ned
to the site of origin
and resectable 

 II  Tumor spread limited
to retroperitoneal lymph nodes 

 Tumor spread 
limited to pelvis 

 Tumor spread
limited to the pelvis 

 Local spread 

 III  Tumor spread limited to
retroperitoneal and/or mediastinal/
supraclavicular nodes 

 Tumor spread 
limited to pelvis 
and abdomen, 
excluding liver 

 Tumor spread
limited to pelvis 
and abdomen,
excluding liver 

 Extensive spread 
confi ned to one side
of the diaphragm, 
excluding liver 

 IV  Tumor spread to liver, lung,
bone, brain, etc. 

 Tumor spread to 
liver or beyond 
abdominal cavity 

 Tumor spread to the
liver or beyond the
abdominal cavity 

 Tumor spread to the 
liver, to both sides of 
the diaphragm, and/
or to bones, bone 
marrow, or brain 

  Adapted from Mann et al. ( 2000 )  

    Table 4.8    Staging system used by German MAHO stud-
ies for testicular GCT   

 Lugano staging system 

 I  No evidence of metastatic spread 
 IA  Tumor limited to the testis and its appendages 
 IB  Tumor with infi ltration of the epididymis or 

in cryptorchidism 
 IC  Tumor infi ltrates scrotum or was resected 

transcrotally or rose after inguinal or scrotal 
surgery 

 IX  Extent of the primary tumor cannot be 
determined 

 II  Infradiaphragmatic lymph node metastases 
 IIA  All lymph nodes ≤2 cm 
 IIB  At least 1 lymph node 2–5 cm 
 IIC  Retroperitoneal lymph nodes >5 cm 
 IID  Palpable abdominal tumor or fi xed inguinal 

tumor 
 III  Mediastinal or supraclavicular lymph node 

metastases, distant metastases 
 IIIA  Mediastinal and/or supraclavicular lymph node 

metastases (no distant metastases) 
 IIIB  Lung metastases 

   Minimal pulmonary disease: less than 5 
nodules per lung <2 cm 

   Advanced pulmonary disease: more than 5 
nodules per lung or 1 pulmonary nodule 
>2 cm or pleural effusion 

 IIIC  Extrapulmonary distant metastases 
 IIID  Persistent tumor markers after orchiectomy 

without detectable metastases 

  Adapted from Cavalli et al. ( 1980 )  
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additional stages based on the excellent outcomes 
with even standard-dose PEB on the intergroup 
studies. As a group, the intermediate-risk patients 

experienced an EFS over 92 %. The research 
 priority for these children therefore focused on 
maintaining the high cure rates while minimizing 
toxicity. AGCT0132 investigated whether 3 
cycles of PEB (compressed from 5 days into a 3 
day regimen) could achieve equivalent outcomes 
to the 4 cycles used previously. This hypothesis 
was based on the experience of two adult ran-
domized trials in good-prognosis metastatic tes-
ticular GCTs, where 3 cycles of PEB with weekly 
bleomycin were non-inferior to 4 cycles (Einhorn 
et al.  1989 ; Culine et al.  1997 ; Saxman et al. 
 1998 ; De Wit et al.  2001 ). Although published 
results are not yet available, preliminary analysis 
revealed that 3 cycles was suffi cient to maintain 
an EFS of 92 %, except for boys with stage IV 
testicular tumors and girls with stage III ovarian 
tumors. Thus, for most intermediate-risk patients, 
3 cycles of PEB (when bleomycin is used every 3 
weeks) are likely suffi cient. 

 The high-risk group, which was narrowed to 
include only stage III–IV extragonadal tumors, 
represented the group for which further improve-
ments in cure rates were still needed. Pursuing 
this increased cure has followed two general 
strategies in cooperative group studies: discov-
ering ways (such as effective otoprotectants) to 
allow dose-intensive regimens to be used with 
less toxicity or adding new agents to the PEB 
combination. 

 The fi rst strategy, utilizing otoprotectants to 
allow the delivery of high-dose PEB, has been 
an area of active research. The COG study 
P9749 investigated the addition of amifos-
tine to high- dose PEB but found it could not 
reduce the high rates of ototoxicity (Marina 
et al.  2005 ). Amifostine was administered at a 
dose of 825 mg/m 2 /day for 5 days per cycle to 
25 children, and the rate of signifi cant (grades 
2–4) ototoxicity was 75 %, identical to the pre-
vious study of high- dose PEB (Cushing et al. 
 2004 ). In contrast, a study of amifostine in 97 
children with average- risk medulloblastoma 
did note a reduction in the rate of ototoxic-
ity (from 37 to 15 %), where amifostine was 
administered as a total dose (over 2 boluses) 
of 1,200 mg/m 2  in 1 day (Fouladi et al.  2008 ). 
The COG is currently also investigating the use 

    Table 4.9    Staging system used by FIGO for ovarian 
tumors   

 Stage 

 I  Growth limited to the ovaries 
 Ia  Growth limited to one ovary; no ascites present 

containing malignant cells. No tumor on the 
external surface; capsule intact 

 Ib  Growth limited to both ovaries; no ascites 
present containing malignant cells. No tumor 
on the external surface; capsule intact 

 Ic  Tumor either stage Ia or Ib but with tumor 
on surface of one or both ovaries, or with 
capsule ruptured, or with ascites present 
containing malignant cells, or with 
positive peritoneal washings 

 II  Growth involving one or both ovaries
with pelvic extension 

 IIa  Extension and/or metastases to the uterus
and/or tubes 

 IIb  Extension to other pelvic tissues 
 IIc  Tumor either stage IIa or IIb but with tumor

on surface or one or both ovaries, or with 
capsule(s) ruptured, or with ascites present 
containing malignant cells, or with positive 
peritoneal washings 

 III  Tumor involving one or both ovaries with 
histologically confi rmed peritoneal implants 
outside the pelvis and/or positive regional 
lymph nodes. Superfi cial liver metastases 
equals stage III. Tumor is limited to the true 
pelvis but with histologically proven malignant 
extension to small bowel or omentum 

 IIIa  Tumor grossly limited to the true pelvis, 
with negative nodes, but with histologically 
confi rmed microscopic seeding of abdominal 
peritoneal surfaces or histologic proven 
extension to small bowel or mesentery 

 IIIb  Tumor of one or both ovaries with 
histologically confi rmed implants, peritoneal 
metastasis of abdominal peritoneal surfaces, 
none exceeding 2 cm in diameter; nodes 
are negative 

 IIIc  Peritoneal metastasis beyond the pelvis 
more than 2 cm in diameter and/or positive 
regional lymph nodes 

 IV  Growth involving one or both ovaries with 
distant metastases. If pleural effusion is 
present, there must be positive cytology 
to allot a case to stage IV. Parenchymal 
liver metastasis equals stage IV 

  Adapted from FIGO Committee on Gynecologic 
Oncology ( 2009 )  
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    Table 4.10    Staging of testicular tumors used by American Joint Committee on Cancer   

  A .  TNM staging    Unit    Value  
 Primary tumor (T) a   pTX  Primary tumor cannot be assessed 

 pT0  No evidence of primary tumor (e.g., histologic 
scar in testis) 

 pTis  Intratubular germ cell neoplasia (carcinoma in situ) 
 pT1  Tumor limited to the testis and epididymis without 

vascular/lymphatic invasion; tumor may invade into 
the tunica albuginea but not the tunica vaginalis 

 pT2  Tumor limited to the testis and epididymis with vascular/
lymphatic invasion or tumor extending through the tunica 
albuginea with involvement of the tunica vaginalis 

 pT3  Tumor invades the spermatic cord with or without 
vascular/lymphatic invasion 

 pT4  Tumor invades the scrotum with or without vascular/
lymphatic invasion 

 Regional lymph
nodes (N) 

 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 or any 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 

 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 
 Serum tumor
markers (S) 

 SX  Marker studies not available or not performed 
 S0  Marker study levels within normal limits 
 S1  LDH <1.5 times normal (N)  and  hCG (mIu/mL) 

<5,000  and  AFP (ng/mL) <1,000 
 S2  LDH 1.5–10 × N  or  hCG (mIu/mL) 5,000–50,000  or  

AFP (ng/mL) 1,000–10,000 
 S3  LDH >10 × N  or  hCG (mIu/mL) >50,000  or  AFP 

(ng/mL) >10,000 

  B .  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  N0  M0  S0 

 pT3  N0  M0  S0 
 pT4  N0  M0  S0 

 Stage IS  Any pT/Tx  N0  M0  S1–3 (measured
post orchiectomy) 

 Stage II  Any pT/Tx  N1-3  M0  SX 

(continued)
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of sodium thiosulfate for the same objective 
of reducing cisplatin ototoxicity in the study 
ACCL0431 (Freyer et al.  2009 ). 

 The second strategy was tested by 
AGCT01P1, a pilot COG study to estab-
lish the maximum tolerated dose and toxicity 

 profi le of  cyclophosphamide combined with 
PEB (C-PEB). The study noted 5 relapses 
among 18 evaluable children with stage III–IV 
extragonadal tumors but was not powered to 
compare effi cacy. Randomized trials in adults 
have not yet succeeded in fi nding any regimen 

 Stage IIA  Any pT/Tx  N1  M0  S0 
 Any pT/Tx  N1  M0  S1 

 Stage IIB  Any pT/Tx  N2  M0  S0 
 Any pT/Tx  N2  M0  S1 

 Stage IIC  Any pT/Tx  N3  M0  S0 
 Any pT/Tx  N3  M0  S1 

 Stage III  Any pT/Tx  Any N  M1  SX 
 Stage IIIA  Any pT/Tx  Any N  M1a  S0 

 Any pT/Tx  Any N  M1a  S1 
 Stage IIIB  Any pT/Tx  N1-3  M0  S2 

 Any pT/Tx  Any N  M1a  S2 
 Stage IIIC  Any pT/Tx  N1-3  M0  S3 

 Any pT/Tx  Any N  M1a  S3 
 Any pT/Tx  Any N  M1b  Any S 

  Adapted from American Joint Committee on Cancer ( 2010 ) 
  a The extent of primary tumor is usually classifi ed after radical orchiectomy, and, for this reason, a pathologic (p) stage 
is assigned. Except for pTis and pT4, extent of primary tumor is classifi ed by radical orchiectomy. TX may be used for 
other categories in the absence of radical orchiectomy  

Table 4.10 (continued)

    Table 4.11    Risk stratifi cation system for metastatic testicular GCTs used by the International Germ Cell Cancer 
Collaborative Group   

 Histology  Prognostic category  Clinical factors 

 Nonseminoma germ
cell tumor 

 Good  Testes/retroperitoneal primary and no nonpulmonary 
visceral metastases and good markers: 
  AFP <1,000 ng/mL and 
  HCG <5,000 IU/L and 
  LDH <1.5 × upper limit of normal (ULN) 

 Intermediate  Testes/retroperitoneal primary and no nonpulmonary 
visceral metastases and intermediate markers: 
  AFP ≥1,000 ng/mL and ≤10,000 ng/mL or 
  HCG ≥5,000 IU/L and ≤50,000 ng/mL or 
  LDH ≥1.5 × ULN and ≤10 × ULN 

 Poor  Mediastinal primary or nonpulmonary visceral 
metastases or poor markers with any of the following: 
  AFP >10,000 ng/mL or 
  HCG >50,000 IU/L or 
  LDH >10 × ULN 

 Seminoma  Good  Any primary site and no nonpulmonary visceral 
metastases and normal AFP, any HCG, any LDH 

 Intermediate  Any primary site and nonpulmonary visceral 
metastases and normal AFP, any HCG, any LDH 

  Adapted from International Prognostic Factors Study Group ( 1997 )  
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that  confers an advantage over standard PEB 
(Samson et al.  1984 ; Ozols et al.  1988 ; Lewis 
et al.  1991 ; Nichols et al.  1991 ; Kaye et al.  1998 ; 
Christian et al.  2003 ; Fossa et al.  2005 ; Rexer 
 2005 ). There is also no evidence to date that the 
use of high-dose chemotherapy with autologous 
stem cell transplant in adults is superior to PEB 
for patients with poor-prognosis metastatic tes-
ticular MGCTs (Droz et al.  2007 ; Motzer et al. 
 2007 ), although research is ongoing. It is likely 
that further progress for the high- risk group of 
patients will be achieved only through a bet-
ter understanding of biology, identifi cation of 
molecular targets, and the development of new 
therapeutic agents.  

   4.2.2  The United Kingdom 
Experience 

 The use of cisplatin carries with it a signifi -
cant burden of toxicity, including emetogenic-
ity, ototoxicity, and nephrotoxicity. Therefore, 
one potential method of attempting to reduce 
the  toxicity of treatment was to fi nd a platinum 
agent with a more favorable spectrum of adverse 
effects. To this end, several randomized con-
trolled trials (RCTs) in adults with metastatic 
testicular MGCTs sought to compare cisplatin-
containing regimens to carboplatin- containing 
regimens (Bajorin et al.  1993 ; Tjulandin et al. 
 1993 ; Bosl and Bajorin  1994 ; Bokemeyer et al. 
 1996 ; Horwich et al.  1997 ,  2000 ; Bokemeyer 
et al.  2004 ). These trials in general observed an 
inferior effect of carboplatin regimens for this 
population. Adult oncologists thus accepted cis-
platin regimens as their standard of care. 

 However, many pediatric oncologists 
remained concerned about the risk-benefi t bal-
ance of cisplatin chemotherapy. The signifi cance 
and consequences of ototoxicity are magnifi ed in 
children compared to adults. Permanent, high- 
frequency, bilateral hearing loss is reported in 
10–20 % of children who receive standard-dose 
cisplatin and up to 75 % of children who receive 
high-dose cisplatin (Bertolini et al.  2004 ; Cushing 
et al.  2004 ; Li et al.  2004 ; Marina et al.  2005 ; 
Chang and Chinosornvatana  2010 ; Neuwelt and 

Brock  2010 ). Loss of auditory acuity in young 
children leads to differences in speech-language 
development and literacy. In older children and 
adolescents, hearing loss impacts educational 
achievement, social-emotional development, 
and quality of life. Platinum is still detectable in 
plasma and urine up to 20 years after administra-
tion of cisplatin (Gerl and Schierl  2000 ; Gietema 
et al.  2000 ). Adult survivors treated with che-
motherapy for testicular cancer are at increased 
risk of second malignancies and cardiovascular 
disease (Belt-Dusebout et al.  2007 ; Travis et al. 
 2010 ). Finding ways to mitigate the long-term 
toxicity of cisplatin-based chemotherapy has 
therefore long been an important research objec-
tive for pediatric oncology collaborative groups, 
as survivors of childhood MGCT can potentially 
have 70 or more years of remaining life. 

 In 1989, at the same time as similar stud-
ies were being conducted in adults, the United 
Kingdom Children’s Cancer Study Group 
(UKCCSG), now the Children’s Cancer and 
Leukaemia Group (CCLG), substituted carbo-
platin for cisplatin in its second germ cell tumor 
study (GCII) in an effort to reduce the rates of 
ototoxicity and nephrotoxicity in childhood sur-
vivors while maintaining high cure rates (Mann 
et al.  1989 ,  1998 ,  2000 ; Huddart et al.  1990 ; 
Pinkerton et al.  1990 ). The UK JEB regimen also 
administered bleomycin once every 3 weeks, due 
to the observed pulmonary toxicity of weekly 
bleomycin in young children on a prior study 
(Mann et al.  1989 ). 

 The GCII trial (Tables  4.2  and  4.7 ) used 
carboplatin at a dose of 600 mg/m 2  or by for-
mula to achieve a target area under the plasma 
concentration- versus-time curve (AUC) of 6 mg/
mL/min. In practice, about 75 % of patients 
received the meter-squared dosing, and retro-
spectively it has been appreciated that this dose 
corresponded to a mean AUC of 7.9 mg/mL/
min. Courses were given every 3 weeks or upon 
hematologic recovery, until remission plus two 
additional courses, with a median of fi ve courses 
administered. For 137 children treated with JEB, 
the 5-year EFS was 87.8 % and OS was 90.9 % 
(Mann et al.  2000 ). These results are comparable 
with the reported outcomes using PEB in pediat-
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ric MGCTs. There was no sensorineural  deafness 
and no reports of signifi cant nephrotoxicity. 
The principal complication was myelotoxicity, 
but there were no cytopenia-related deaths. It is 
worth noting that carboplatin here was adminis-
tered at a higher dose than in each of the adult 
trials that have inferred its inferiority to cispla-
tin, which used carboplatin doses ranging from 
350 to 500 mg/m 2  (Bajorin et al.  1993 ; Tjulandin 
et al.  1993 ; Bokemeyer et al.  1996 ) or an AUC of 
5 mg/mL/min (Horwich et al.  1997 ; Bokemeyer 
et al.  2004 ). 

 It is possible that the good results observed in 
this study related to the higher dose of carbopla-
tin, the larger number of courses, or an inherent 
biological difference of childhood MGCT. The 
results of this study suggested that carboplatin 
could be substituted for cisplatin in childhood 
MGCT as long as the dose is suffi cient. The 
UKCCSG and several other institutions interna-
tionally have adopted JEB as the standard regi-
men for the treatment of newly diagnosed 
pediatric MGCTs. 

 The current GC III study continues the use of 
the JEB regimen. It stratifi es patients to one of 
three risk groups. Those in the low-risk group 
with normal tumor markers undergo observation 
alone. Intermediate-risk patients receive JEB 
chemotherapy for 4 cycles, and high-risk patients 
receive JEB for 6 cycles. Salvage therapy after 
JEB consists of vincristine, ifosfamide, and cis-
platin (VeIP) for 6 cycles.  

   4.2.3  The German Experience 

 The German Society of Pediatric Oncology and 
Hematology (GPOH) has conducted several coop-
erative studies of GCT treatment under the titles of 
MAHO for testicular and MAKEI for non-testicu-
lar site tumors (Table  4.3 ). The GPOH studies uti-
lized the Lugano staging system (Table  4.8 ) for 
testicular tumors (Cavalli et al.  1980 ), the FIGO 
system (Table  4.9 ) for ovarian tumors (Cannistra 
 1993 ; FIGO Committee on Gynecologic Oncology 
 2009 ), and the TNM soft tissue sarcoma staging 
system for non-testicular tumors (Russell et al. 
 1977 ). Between 1982 and 2009, a total of 2,077 

patients with both  intracranial and extracranial 
germ cell tumors have been prospectively enrolled 
onto these studies, with an overall survival of 88 % 
(Gobel et al.  2010 ). 

 The MAHO studies in general managed only 
stage IA (limited to the testis) teratomas or pure 
yolk sac tumors with a resection and surveillance 
strategy. All other patients received adjuvant 
chemotherapy. The MAHO 82, 88 and 92 stud-
ies utilized four courses of PVB, with a switch 
to PEI for those with incomplete response after 
2 cycles (Haas et al.  1995 ; Gobel et al.  2000 ; 
Schmidt et al.  2002 ). The more recent MAHO 
98 protocol administered 2–3 cycles of PVB for 
patients who are stage IB (tumor infi ltrating epi-
didymis) to IIB (at least one lymph node 2–5 cm) 
and 3 cycles of PEB to patients who are stage IIC 
or above. PEI is given to those with incomplete 
response. Between 1982 and 2001, 260 patients 
were treated on MAHO protocols, of whom only 
75 required chemotherapy. The disease-free sur-
vival at a median follow-up of 5 years was 97 % 
for all patients. 

 The MAKEI series of studies utilized a risk- 
stratifi ed, multimodal approach to the manage-
ment of non-testicular GCTs, and chemotherapy 
protocols evolved in each successive protocol, as 
summarized in Table  4.3 . In general, subsequent 
studies tended to a reduction of cumulative doses 
of chemotherapy while maintaining favorable 
outcomes (Gobel et al.  2000 ). A stepwise reduc-
tion from 8 cycles on the 83/86 study to 6–8 on 
the 89 study and 4–5 cycles on the 96 study was 
achieved. The 10-year EFS pooled over all four 
studies was 81 % for NGGCTs and 86 % for ger-
minomas (of note, this reported outcome includes 
intracranial tumors) (Gobel et al.  2000 ). 

 Another trend was the sequential reduction 
in exposure to bleomycin. The 83/86 studies 
applied bleomycin at a dose of 15 mg/m 2 /day 
for 3 days per cycle over 4 cycles, for a cumu-
lative bleomycin dose of 180 mg/m 2 . The 89 
protocol eliminated bleomycin for children 
under 1 year old and used a half dose for 
 children between 1 and 2 years of age. 
Subsequently, the 96 study eliminated the use 
of bleomycin altogether in favor of a PEI regi-
men, prompted by the observation of severe or 
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lethal bleomycin-associated pulmonary toxic-
ity, especially in young children. 

 As a result, the recent MAKEI 96 study 
 utilized a surveillance strategy for completely 
resected stage T1 tumors (less than 5 cm in size), 
2–3 cycles of PE for completely resected stage 
T2 tumors (5 cm or greater), and 4–5 cycles of 
PEI for incompletely resected tumors.  

   4.2.4  The French Experience 

 The French Society of Pediatric Oncology 
(SFOP) conducted two studies of localized child-
hood MGCT between 1985 and 1994. Together, 
the TGM 85 and TGM 90 studies comprised of 
152 children with newly diagnosed, localized, 
NGGCTs (Baranzelli et al.  1993 ,  1999 ,  2000 ). 
Children with metastatic disease were treated on 
separate, more intensive regimens. 

 The French protocols were unique in that they 
offered a surveillance strategy without initial sys-
temic chemotherapy to all completely resected 
localized tumors with normal tumor markers, 
including those of non-testicular sites. Thus, only 
81 patients across both studies received initial 
chemotherapy. Children under 1 year old were 
excluded from the published analysis in order to 
allow determination of the prognostic importance 
of AFP levels. The combined 3-year failure-free 
survival rate was 68 %, and the overall survival 
rate was 87 % for these 81 patients. 

 Both the TGM 85 and TGM 90 used actino-
mycin, cyclophosphamide, bleomycin, and vin-
blastine in similar doses, although the schedule 
of administration varied slightly. The primary dif-
ference between the two protocols was the choice 
of platinum agent. The TGM 85 used cisplatin 
at a dose of 100 mg/m 2 /dose, while the TGM 90 
study substituted carboplatin at a dose of 400 mg/
m 2 /dose. Salvage therapy included etoposide and 
ifosfamide, with or without cisplatin. 

 The CR rate was 90 % in the TGM 85 proto-
col. In the TGM 90 protocol, the CR rate after 
fi rst-line treatment was only 58 %. The overall 
CCR rate was again 90 % as most patients could 
achieve CR after switching to second-line ther-
apy. Nevertheless, the OS in TGM 85 was 88 % 

compared with 78 % in TGM 90. Thus, the TGM 
studies demonstrated a lower response rate and 
survival rate of NGGCTs to carboplatin relative 
to cisplatin in regimens that were otherwise simi-
lar. However, in comparison to the GC II study, 
the TGM 90 study a used a lower dose of carbo-
platin per cycle, and as sequences of JVB alter-
nated with sequences of AC making each cycle 6 
weeks long, the platinum dose intensity was 
lower as well. 

 The recent French protocol used cisplatin and 
maintained platinum dose intensity by using 
alternating cycles of PE and PI.  

   4.2.5  The Brazilian Experience 

 In 1988, a consortium of Brazilian institutions 
was formed to develop uniform management 
standards for the treatment of childhood GCT 
in the country. The fi rst Brazilian germ cell 
tumor protocol, GCT-91, enrolled 106 assessable 
patients with GCTs of all histologies between 
1991 and 2000, of whom 71 patients received 
chemotherapy (Lopes et al.  1995 ,  2009 ). The 
protocol utilized a two-agent regimen of cisplatin 
and etoposide (PE), based on the reported effec-
tiveness in adults and the concern of pulmonary 
toxicity of bleomycin in young children. PE was 
given for 5 cycles. The dose of chemotherapy was 
tailored to the risk group. Twenty-two patients 
not in CR after 3 cycles of PE were changed to an 
alternate regimen of vinblastine, ifosfamide, and 
bleomycin (VIB). Overall, the cumulative doses 
of chemotherapy were somewhat higher than 
corresponding North American trials. The 5-year 
OS for intermediate- and high- risk groups were 
88.9 and 75.5 %, respectively. An improvement 
in survival compared to historical outcomes was 
seen and could be attributed in part to the estab-
lishment of a collaborative national network of 
centers and a standardized protocol. The authors 
concluded that the 2-drug regimen was feasible 
for IR patients and some HR patients. 

 The second Brazilian germ cell tumor proto-
col, GCT-99, adapted the COG staging (Table  4.6 ) 
and risk-stratifi cation system (Lopes et al.  2010 ). 
A total of 533 patients were registered. Children 
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in the intermediate-risk group were treated with 
4 cycles of PE, instead of the previous 5 cycles, 
administered over a compressed 3-day schedule. 
If patients were not in CR by the third cycle, then 
3 cycles of VIB were given. Of 123 children in 
the intermediate-risk group, the reported 3-year 
EFS is over 86 %, which compares favorably to 
the historical control. Final published results are 
awaited.  

   4.2.6  Other Experiences 

 As a disease that is managed primarily by sur-
gery and a short course of chemotherapy, with 
minimal to no role for radiation therapy or spe-
cialized imaging, MGCTs can be effectively 
treated in low-income countries. An early report 
from India reported a 3-year EFS of 80 % for 
27 children treated with PEB (Nair et al.  1994 ). 
A recent report from South Africa described the 
management of children using surgery and JEB 
chemotherapy. Seventeen of 19 children were 
successfully treated, 2 children with advanced 
disease died, and there was no non-relapse mor-
tality (Hendricks et al.  2011 ). The JEB regimen 
was preferred by the treating physicians due 
to lower costs and higher compliance with an 
outpatient- based regimen. Such reports show that 
outcomes in low-income countries are compa-
rable to those of high-income countries and that 
MGCT can be considered a paradigm of malig-
nancies that may be successfully treated even in 
settings with limited resources.   

4.3     Management of 
Germinomas and Teratomas 

 The pediatric trials conducted to date have 
not stratifi ed treatment based on the histo-
logic categories of germinomatous versus 
non- germinomatous germ cell tumors. Where 
germinomas (also referred to as dysgermino-
mas in the ovary or seminomas in the testis) 
have been included, they have represented a 
small minority of the tumor types and have been 
treated in the same fashion as NGGCTs. Thus, 

while germinomas have shown a relatively 
better outcome compared to NGGCTs where 
reported (Gobel et al.  2000 ; Mann et al.  2000 ), 
separate treatment recommendations in children 
cannot presently be inferred. 

 The discussions thus far have been of the 
treatment of germ cell tumors of malignant his-
tology. In contrast, mature teratomas (MT) are 
benign tumors composed of well-differentiated 
tissues. They are not chemosensitive, and com-
plete surgical resection is an adequate treatment. 
Immature teratomas (IT) contain varying amounts 
of immature tissue and can be graded in order of 
increasing quantity of immature neuroglial tissue 
as grades 0–3. They are sometimes considered to 
be tumors of intermediate malignant potential. 
For some time, it was uncertain whether children 
with higher grades of IT should receive adjuvant 
chemotherapy. A study of 58 women with ITs of 
the ovary treated with surgical resection had 
found a relapse rate of 70 % among those with 
grade 3 tumors, and the investigators recom-
mended adjuvant chemotherapy for these patients 
(Norris et al.  1976 ). 

 Subsequent pediatric studies, however, have 
helped shed some light on the optimal approach 
to immature teratomas. An intergroup study of 
the POG and CCG treated 73 children with com-
plete resection (stage I disease) followed by sur-
veillance alone (Marina et al.  1999 ). Twenty-one 
(29 %) children had grade 3 tumors. Only fi ve 
children had recurrences that were then treated 
with chemotherapy. The overall 3-year EFS was 
93 %. Twenty-three patients were found to have 
foci of malignant tissue on central review, but 
even among these children only four experienced 
recurrence after complete resection. All patients 
were alive at a median follow-up of 35 months, 
and one patient was alive with disease. The study 
concluded that observation after resection of ITs 
was a feasible strategy. 

 Secondly, the UKCCSG reported their experi-
ence of 124 children with immature teratomas 
(Mann et al.  2008 ). Sixty-nine (56 %) had grade 3 
tumors. The 5-year EFS was 86 % and OS was 
95 %. However, 40 % of patients with IT had 
incomplete surgical resection. Among children 
who had complete resection, the EFS was 97 % 
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and OS was 99 %. Six children died, but all deaths 
were due to surgical or neonatal  complications. 
Incomplete resection and grade 3 IT were associ-
ated with worse EFS in multivariable analysis. 
Recurrences were successfully treated with fur-
ther surgery or JEB chemotherapy. The study con-
cluded that surgery and observation should remain 
the mainstay of treatment for children with both 
mature and immature teratomas.  

    Conclusions 

 The experience of the past three decades has 
led to signifi cant achievements in the manage-
ment of germ cell tumors in children, but many 
challenges remain. Future research will focus 
on refi ning the treatment strategies for each 
of the three functional risk groups. Studies 
will identify ways to predict which patients, 
in addition to those with stage I testicular dis-
ease, can have a high probability of cure after 
surgical resection alone, thus sparing unneces-
sary exposure to chemotherapy. For interme-
diate-risk patients, efforts to identify the most 
effi cacious and minimally toxic regimens 
will continue. Potential research questions 
can include the relative risk-benefi t ratio of 
cisplatin versus carboplatin and of regimens 
that do or do not contain bleomycin or ifos-
famide. For high-risk patients, and for those 
with recurrent or refractory disease, advances 
will come from new insights in the laboratory 
and the development of biologically driven 
innovative therapies (see Chap.   2     for a review 
of the biology of germ cell tumors). 

 Each of these advances will be fostered by 
the development of international collaborative 
initiatives (Rodriguez-Galindo  2010 ). As a 
rare tumor, childhood MGCT presents a small 
sample size, which limits the ability to con-
duct effective clinical trials, especially RCTs. 
The diversity of treatment approaches that 
have evolved globally can be advantageous in 
that they may allow clinicians a multitude of 
options to tailor treatment plans to the specifi c 
needs of their individual patients or the spe-
cifi c conditions of their health-care environ-
ment. However, the use of different systems 
for staging, risk grouping, and measurement 

of outcome and toxicity also serves to hinder 
the comparability of results across the 
 pediatric oncology groups. 

 In adult testicular disease, the creation 
and analyses of a large, international pooled 
databases led to the development of unifi ed 
staging (Table  4.10 ) and risk classifi cation 
(Table  4.11 ) systems (International Prognostic 
Factors Study Group  1997 ; Kollmannsberger 
et al.  2000 ; Sonneveld et al.  2001 ; American 
Joint Committee on Cancer  2010 ; International 
Prognostic Factors Study Group  2010 ). A simi-
lar effort has been initiated by some pediatric 
oncology groups. The COG and the UKCCSG 
have recently formed a pooled patient data-
base of all their respective trials data, entitled 
the Malignant Germ Cell Tumors International 
Collaboration (MaGIC) database, and are using 
it to determine optimum risk group classifi ca-
tions and treatment approaches. Such efforts can 
foster the development of evidence-based inter-
group consensus, the completion of retrospec-
tive comparisons to identify the best elements 
of each approach, and thereafter the prospective 
conduct of large-scale international collabora-
tive clinical trials. Together, these advances will 
allow us to reach ever closer to the goals of cur-
ing all children with malignant germ cell tumors 
and doing so with the least possible late effects.     
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5.1            History of Clinical Trials 
in Disseminated Germ 
Cell Tumors 

 The modern era of management of germ cell 
tumors began with the discovery of cisplatin as a 
biologically active compound in the mid-1960s. 
Barnett Rosenberg, a biologist at Michigan State, 
was investigating the effect of electrical currents 
on bacteria. In his experiments, he used a plati-
num anode as he ran electrical current through 
plates of growing  E. coli . He noticed around the 
platinum anode that the  E. coli  developed very 
elongated forms which on examination appeared 
as if the bacteria could not divide. He speculated 
that some elemental platinum was interfering 
with cell division. He isolated the cisplatin spe-
cies. He further speculated that perhaps this com-
pound could have an effective on rapidly dividing 
cells such as human cancer and went on to further 
demonstrate the effects of cisplatin on cultured 
tumor cells. 

 Subsequently cisplatin entered phase I cancer 
clinical trials. Within those trials, there were a 
few young men with disseminated germ cell 
tumors whom experienced marked responses. 
Coupled with these responses however were 
major dose-limiting side effects including vomit-
ing and dehydration, nephrotoxicity, neurotoxic-
ity, and ototoxicity. 

 It is important to recognize the backdrop of 
treatment in the 1960s and early 1970s. Systemic 
therapy was in its infancy with early single agents 
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and combinations (actinomycin D, vinblastine, 
and bleomycin) demonstrating some effi cacy 
with about half of testicular cancer patients expe-
riencing partial or complete responses and per-
haps 5–10 % of patients with disseminated 
disease actually experiencing long-term survival. 
The lack of an effective systemic therapy forced 
clinicians to apply radical regional therapies as 
active management of early stage disease and as 
potentially curative therapy for patients with 
known regional disease. In particular, extended 
radical retroperitoneal lymph node dissections 
were commonly applied to clinical stage I and II 
nonseminoma patients, and large fi eld, high-dose 
radiation was commonly given for both early 
stage and regional seminomas. 

 In 1974 at Indiana University, Dr Lawrence 
Einhorn, a young medical oncologist, and Dr 
John Donohue, an experienced urologist, devel-
oped a multidisciplinary approach incorporating 
novel systemic combination chemotherapy 
including the newly identifi ed active compound, 
cisplatin, along with adjunctive post- 
chemotherapy surgery for those with residual dis-
ease. The chemotherapy combination was four 
cycles of cisplatin, vinblastine, and bleomycin 
(PVB) plus maintenance therapy and was selected 
to incorporate active agents with nonoverlapping 
toxicity so that full doses of each constituent 
could be given. 

 The results were remarkable and changed for-
ever the management of all stages of germ cell 
tumors. Of the original 47 patients, 33 (70 %) 
obtained a chemotherapy-induced complete 
remission (Einhorn and Donohue  1977 ). An 
additional 5 (11 %) patients obtained disease-free 
status after post-chemotherapy resection of resid-
ual disease. In long-term follow-up, 53 % of 
patients were in sustained remission representing 
a log higher cure rate than the contemporaneous 
dactinomycin-treated patients. 

 These results began to immediately inform the 
fi eld both with reference to systemic disease and 
in terms of regional and adjuvant therapies. 
Urologists began to design and implement more 
limited RPLND templates that markedly reduced 
the uniform retrograde ejaculation seen with 
more extended operations. Radiation fi elds and 

doses were lessened, reducing short-term and 
presumably long-term toxicity. Clinical investi-
gators were emboldened to consider just active 
surveillance for patients with clinical stage I dis-
ease knowing that there were highly effective sal-
vage treatments available for the small portion of 
patients who relapsed.  

5.2     History of Development of 
Systemic Therapy for Germ 
Cell Tumors 

 From the late 1970s through the mid-1980s, pri-
mary refi nements to the basic PVB backbone 
were accomplished. Substantial toxicity reduc-
tion was accomplished in two studies from 
Indiana University. First, a randomized compari-
son of PVB with either 0.4 mg/kg of vinblastine 
or 0.3 mg/kg showed an improvement in toxicity 
for the 0.3 mg/kg arm but equivalent therapeutic 
effect. Second, the randomized comparison of 
induction therapy (4 cycles of PVB) with or with-
out the original 2 years of maintenance vinblas-
tine and bleomycin showed equivalent therapeutic 
effect of the 12-week program versus the 12-week 
plus maintenance program (Einhorn et al.  1981 ). 

 At the same time, etoposide was shown to 
have signifi cant activity in recurrent germ cell 
tumors and in preliminary studies had a toxicity 
profi le largely confi ned to hematopoietic toxicity. 
As such, etoposide was an ideal candidate for 
testing in the primary chemotherapy setting and 
to develop new salvage combinations. The semi-
nal study reported by Dr. Stephen Williams com-
pared four cycles of cisplatin and bleomycin and 
either vinblastine (PVB) or etoposide (BEP) as 
primary management of disseminated germ cell 
tumors. In this trial, 244 patients entered the trial. 
More patients became disease-free on BEP than 
PVB but not statistically signifi cantly more. 
However, there were clinically and statistically 
meaningful reductions in myalgias, paresthesias, 
and abdominal cramps. BEP × 4 became the stan-
dard therapy for bulky regional and disseminated 
germ cell tumors. 

 During this period, critically important non- 
chemotherapeutic developments profoundly 
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shaped the fi eld of systemic therapy for germ cell 
tumors. First, the important integration of expert 
post-chemotherapy resection of residual radio-
graphic abnormalities was refi ned. Second, insti-
tutions began to look carefully at clinical 
parameters that could predict outcome with sys-
temic therapy. Preliminary prognostic systems 
were developed at a number of institutions. The 
common feature was that it appeared distinct 
groups could be identifi ed within the populations 
of patients with disseminated germ cell tumor; 
one larger group that predictably obtained 
disease- free status with systemic cisplatin-based 
chemotherapy and adjunctive surgery if required 
(>90 % cure rates) and a second smaller group of 
patients presenting with extensive anatomical 
disease and/or very high serum markers that did 
not reliably enter remission and had a substantial 
chance of dying of their illness (50–70 % cure 
rates). These efforts at defi ning prognosis ulti-
mately culminated in a multinational effort that 
lead to the International Germ Cell Cancer 
Consensus Classifi cation (IGCCCC) which 
aggregated clinical and follow-up data on more 
than 5,000 patients with seminoma and nonsemi-
noma (IGCCCG  1997 ). The IGCCC project is 
summarized (Table  5.1 ) and identifi es three risk 
categories: good risk, greater than 90 % long-
term disease-free survival; intermediate risk, 
70 % long-term survival; and poor risk, 50 % 
long-term disease-free survival.  

 With reliable, clinically based predictive sys-
tems, the clinical trials in adult germ cell tumors 
diverged. For the good-risk patients with a high 
predicted survival, the clinical question became 
“Can we retain this high cure rate and reduce 
short- and long-term toxicity?” For the poorer- 
risk categories wherein patients still had a signifi -
cant chance of dying from the disease, the 
question became “Can we improve therapeutic 
outcomes through addition of new agents or 
intensifying dose and schedules of treatment?” 
With this approach, it was expected that toxicity 
of therapy would increase but that toxicity would 
hopefully be short term and balanced by higher 
cure rates. 

 For good-risk patients, comparative clinical 
trials accomplished some of these goals. Over the 

    Table 5.1    Prognostic-based staging system for meta-
static germ cell cancer (International Germ Cell Cancer 
Collaborative Group)   

  Good-prognosis group  
  Non-seminoma 
(56 % of cases)  

  All of the following criteria:  

 5-year PFS 89 %  Testis/retroperitoneal primary 
 5-year survival 
92 % 

 No non-pulmonary visceral 
metastases 
 AFP < 1,000 ng/mL 
 hCG < 5,000 IU/L (1,000 ng/mL) 
 LDH < 1.5 × ULN 

  Seminoma (90 % 
of cases)  

  All of the following criteria:  

 5-year PFS 82 %  Any primary site 
 5-year survival 
86 % 

 No non-pulmonary visceral 
metastases 
 Normal AFP 
 Any hCG 
 Any LDH 

  Intermediate prognosis group  
  Non-seminoma 
(28 % of cases)  

  All of the following criteria:  

 5 years PFS 75 %  Testis/retroperitoneal primary 
 5-year survival 
80 % 

 No non-pulmonary visceral 
metastases 
 AFP > 1,000 and < 10,000 ng/mL or 
10 Limited update March 2009 
 hCG > 5,000 and < 50,000 IU/L or 
 LDH > 1.5 and < 10 × ULN 

  Seminoma (10 % 
of cases)  

  Any of the following criteria:  

 5-year PFS 67 %  Any primary site 
 5-year survival 
72 % 

 Non-pulmonary visceral 
metastases 
 Normal AFP 
 Any hCG 
 Any LDH 

  Poor prognosis group  
  Non-seminoma 
(16 % of cases)  

  Any of the following criteria:  

 5-year PFS 41 %  Mediastinal primary 
 5-year survival 
48 % 

 Non-pulmonary visceral metastases 
 AFP > 10,000 ng/mL or 
 hCG > 50,000 IU/L (10,000 ng/mL) or 
 LDH > 10 × ULN 

  Seminoma  
 No patients 
classifi ed as poor 
prognosis 

    PFS  progression-free survival,  AFP  alpha-fetoprotein, 
 hCG  human chorionic gonadotrophin,  LDH  lactate 
dehydrogenase  
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years, randomized trials defi ned shorter chemo-
therapy programs and a lower limit of therapy 
duration. The defi nitive trial came from Indiana 
University and the Southeastern Cancer Study 
Group where favorable patients were randomized 
to either BEP × 4 versus BEP × 3 (Einhorn et al. 
 1989 ). Preliminary results and now results 
obtained in long-term follow-up (Saxman et al. 
 1998 ) demonstrated that the arms were therapeu-
tically equivalent but with obvious reduction of 
toxicity and costs related to eliminating the fourth 
cycle of BEP in favorable patients. Of note, how-
ever, there was only one death related to chemo-
therapy and no deaths in either arm from 
pulmonary complications. The next trial from 
Indiana and the SECSG attempted to continue 
the reduction of therapy in good-risk patients by 
randomly comparing patients receiving BEP × 3 
to three cycles of EP with the elimination of what 
may be the most troublesome drug in the combi-
nation. The results were important. First, EP × 3 
was less effective in disease control than BEP × 3 
and no meaningful reduction of toxicity was seen 
(Culine et al.  2007 ; de Wit et al.  1997 ; Loehrer 
et al.  1995 ). Severe or worse non-hematologic 
toxicity was 9 % on EP × 3 and 8 % on BEP. 
There was no signifi cant difference in pulmonary 
toxicity and again no drug-related deaths related 
to pulmonary complications. There was a dou-
bling of the number of patients who had unfavor-
able outcomes (primary treatment failure, drug 
deaths, resected carcinoma relapse, and death) 
from 17 % with BEP × 3 to 38 % in EP × 3. The 
“fl oor” of minimal therapy for good-risk disease 
was established at BEP for three cycles. 

 A number of thoughtful clinical trials 
addressed different approaches to toxicity reduc-
tion in this group of good-risk patients. The major 
trials are outlined in Table  5.2 . Attempts to sub-
stitute carboplatin for cisplatin (Bajorin et al. 
 1993 ; Bokemeyer et al.  1996 ; Horwich et al. 
 1997 ), attempts to eliminate bleomycin and 
attempts to reduce the etoposide dose, and 
attempts to shorten the 5-day schedule to 3 days 
were undertaken (de Wit et al.  2001 ). In sum-
mary, all attempts either have failed to demon-
strate therapeutic equivalence or signifi cant 
toxicity advantages. The most recent attempt to 

improve the toxicity profi le of BEP × 3 while 
maintaining overall cure rates was the random-
ized comparison of BEP × 3 to EP × 4. Culine and 
colleagues report this trial demonstrated a higher 
relapse and death rate with EP × 4 and without a 
corresponding improvement in the toxicity pro-
fi le relative to BEP × 3. Since the early 1990s, 
three cycles of BEP has been the standard for 
patients with IGCCC good-risk disseminated 
germ cell tumors. In the USA, there have been no 
large randomized trials in good-risk disease since 
the comparison of BEP × 3 to EP × 3. 
Internationally, there are no trials underway and 
none planned.

   For patients presenting with poor-risk catego-
ries of disseminated germ cell tumors, clinical 
trials tested more intensive therapies in attempts 
to increase therapeutic effect. The results of 
major clinical trials are summarized in Table  5.3 . 
Three US trials formed the basic pillars of inves-
tigation in this era. The fi rst intergroup trial com-
pared standard therapy with BEP × 4 to the 
combination of identical doses of etoposide and 
bleomycin but with a doubling of the cisplatin 
dose to 40 mg/m 2  daily × 5 (Nichols et al.  1991 ). 
In this trial, the anticipated increased toxicity of 
the double-dose cisplatin was apparent with sig-
nifi cant increases in ototoxicity, neurotoxicity, 
nephrotoxicity, and hematologic toxicity. 
However, there was no corresponding improve-
ment in therapeutic outcome.

   Second, the US intergroup mechanisms 
examined the role of ifosfamide in primary che-
motherapy of poor-risk disseminated germ cell 
tumor. This trial again randomly compared 
standard therapy with BEP × 4 to a new combi-
nation of etoposide, ifosfamide, and cisplatin 
(VIP × 4) (Nichols et al.  1998 ). Again, the antic-
ipated increased toxicity was demonstrated in 
the VIP, particularly hematopoietic toxicity. 
However, again there was no difference in ther-
apeutic effect with 64 % of patients being free 
of failure at 24 months on VIP compared to 
60 % on BEP. 

 The fi nal trial conducted through the inter-
group mechanism was again comparing stan-
dard BEP × 4 to BEP × 2 followed immediately 
by two cycles of high-dose chemotherapy with 
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carboplatin,  etoposide, and cyclophosphamide 
with stem cell transplant (Motzer et al.  2007 ). 
Toxicity was increased with the incorporation of 
high-dose chemotherapy, but there was not an 
excess of therapy of related deaths on the high-
dose arm. Unfortunately, despite increasing che-
motherapy intensity to levels necessitating stem 
cell support, no consistent therapeutic effect 
could be discerned. With a median follow-up of 
51 months, 69 % of patients were alive on 
BEP × 4 and 68 % of patients receiving BEP × 2 
and two high-dose chemotherapy cycles. 

 A series of non-US trials have approached this 
group of patients with decreased overall survival 
as well. Attempts to add active agents and 
increase dose density and dose intensity all have 
added toxicity and cost without improving over-
all survival. Of particular note is the recent 
EORTC trial adding paclitaxel and fi lgrastim to 
standard BEP in patients with IGCCCC 
intermediate- risk germ cell tumors (de Wit et al. 
 2012 ). Despite over 10 years of dogged effort, the 
trial failed to accrue suffi cient patients to be 
defi nitive. Toxicity and cost were higher in the 

   Table 5.2    Poor-risk disease: selected randomized studies in patients with intermediate and poor prognosis 
nonseminoma   

 Author  Classifi cation  Regime 
 Study 
objective  CR/PR rate % 

 Continuous 
CR/PR rate  Conclusion 

 Williams 
( 1987 ) 

 Indiana  PVB × 4  Reduction of 
toxicity, retain 
effi cacy 

 61  BEP × 4 less toxic 
than PVB × 4, 
BEP × 4 trend 
towards improvement 
in advanced disease 
categories 

 All 
disseminated 
disease 

 BEP × 4  77 
 For high- 
volume pts 

 Nichols 
( 1991 ) 

 Indiana 
advanced 

 BEP × 4  Testing role 
of double-
dose cisplatin 

 73  61  No therapeutic 
differences, BEP2 
much more toxic 

 BEP2 × 4  68  63 
 24 month f/u 

 Nichols 
( 1998 ) 

 Indiana 
advanced 

 BEP × 4  Role of 
ifosfamide-
based therapy 

 60  60  No signifi cant 
therapeutic 
differences. VIP had 

 VIP × 4  64  63 
 60 month f/u 

 Motzer 
( 2007 ) 

 IGCCC  BEP × 4  Role of 
high-dose 
chemotherapy 

 56  57  No overall 
therapeutic 
difference, 

 Intermediate 
and poor risk 

 BEP × 2 + 2 × HDCT  55  60 
 CR rate  51 month f/u 

    Culine 
( 2008 ) 

 IGCCCG  BEP × 4  Role of 
dose-dense 
multiagent 
chemotherapy 

 65  69  CISCA/VB more 
toxic, BEP × 4 trends 
towards more 
effective 

 Intermediate 
and poor risk 

 CISCA/VB  57  59 
 5 years 
overall 
survival 

 Kaye 
( 1998 ) 

 EORTC  BEP/EP × 4  Role of 
dose-dense 
multiagent 
chemotherapy 

 57  60  BOP/VIP-B more 
toxic, failed to 
improve outcomes 
relative to BEP/
EP × 4 

 Poor risk  BOP/VIP-B  54  53 
 1 year 
failure-free 
survival 

 de Wit 
( 2012 ) 

 IGCCC  BEP × 4  Role of 
taxol- based 
therapy in 
intermediate-
risk disease 

 70  71  T-BEP required 
growth factors. No 
statistical 
improvement in 
therapeutic outcomes 

 Intermediate 
risk only 

 T-BEP × 4  60  79 
 3 years 
progression-
free survival 
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T-BEP arm, and there was not a demonstrable 
improvement in any of the predefi ned therapeutic 
endpoints. Since 1987 with the original trial of 
Williams and colleagues, BEP × 4 has remained 
the standard of chemotherapy management for 
patients with IGCCCC intermediate- and poor- 
risk patients. 

 Despite lack of demonstrable progress in clin-
ical trials, there appears to be continuous 
improvements in outcomes. Certainly in single 
institutions or in populations with centralized 
management of germ cell tumors, there has been 
substantial improvement in outcomes relative to 
the IGCCCCG estimates. Long-term survival in 
patients with regional and good-risk dissemi-
nated nonseminoma now routinely exceeds 95 %. 
Several large regional consortiums are reporting 
overall survival in intermediate- and poor-risk 
nonseminoma approaching 90 and 70 %, respec-
tively. Large population-based reports in semi-
noma suggest that death from any stage seminoma 
is extremely rare and cure rates in regional or 
 disseminated seminoma treated with standard 

chemotherapy exceed 95 %. IGCCCCG  estimates 
of 90, 70, and 50 % for good-, intermediate- and 
poor-risk patients were originally reported in the 
mid-1990s and were based on clinical data from 
approximately 10 years earlier. The cause of 
these seeming improvements likely is related to 
favorable stage migration, improved salvage 
therapy, more consistent application of adjunc-
tive surgery, and consistent dosing and delivery 
of BEP (Kollmannsberger et al.  2010 ).  

5.3     Initial Evaluation/
Survivorship Planning 

 In caring for patients with germ cell tumors, pro-
viders often are overly preoccupied with the 
explosive behavior occasionally seen in such 
patients. Such biological behavior almost always 
is associated with obvious widely disseminated 
disease which can be a true oncologic emergency. 
However, the vast majority of patients with 
regional or disseminated disease have disease 

   Table 5.3    Good-risk disease: selected randomized studies in patients with good prognosis nonseminoma   

 Author  Classifi cation  Regime  Study objective 
 CR/PR 
rate % 

 Continuous 
CR/PR rate  Conclusion 

 Einhorn et al. 
( 1989 ) 

 Indiana  PEB × 4  Reduction of 
number of cycles 

 97  88  BEP × 3 equally effective 
to BEP × 4 

 Saxman et al. 
( 1998 ) 

 PEB × 3  98  87 

 Bosl et al. 
( 1988 ) 

 MSKCC  PE × 4  Testing of a new 
2-drug 

 93  82  PE × 4 equally effective to 
3 × VAB-6 × 3  VAB-6 × 3  96  85 

 de Wit et al. 
( 1997 ) 

 EORTC  PE 360 B × 4  Evasion of 
bleomycin 

 95  91  PE × 4 inferior to BEP × 4 
 PE 360  × 4  87  83 

 Loehrer et al. 
( 1995 ) 

 Indiana  PEB × 3  Evasion of 
bleomycin 

 94  86  PE × 3 inferior to 3 × BEP 
 PE × 3  88  69 

 de Wit et al. 
( 2001 ) 

 IGCCCG  PEB × 3 + 1PE  Reduction of 
number of cycles 

 73  91  PEB × 3 equally effective 
to BEP × 4  PEB × 3  71  89 

 Culine et al. 
( 2003 ) 

 IGCCCG  PEB × 3  Evasion of 
bleomycin 

 92  90  Similar high response 
rates, study too small to  PE × 4  91  84 

 Bajorin et al. 
( 1993 ) 

 MSKCC  PE × 4  Carboplatin 
versus cisplatin 

 88  87  CE × 4 inferior to PE × 4 
 CE × 4  80  76 

 Horwich et al. 
( 1997 ) 

 MRC/EORTC  PEB × 4  Carboplatin 
versus cisplatin 

 94  91  CEB × 4 inferior to 
BEP × 4  CEB × 4  87  77 

 Bokemeyer 
et al. ( 1996 ) 

 Indiana  PEB × 3  Carboplatin 
versus cisplatin 

 97  86  CEB inferior to BEP 
 CEB × 4  96  68 
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that is reasonably paced and have the associated 
luxury of being able to briskly, but thoroughly 
evaluate the patient, gather other opinions or con-
sults and plan both appropriate treatment and 
high-quality survivorship. 

 The primary goal of evaluation of the patient 
with regional or disseminated disease is to formu-
late an appropriate chemotherapy treatment plan 
that maximizes cure rates and leads to high- 
quality survival (Krege et al.  2008a ,  b ; Wood 
et al.  2010 ). Formal stage and International Germ 
Cell Cancer Consensus Conference (IGCCCC) 
risk assessment at this time informs the develop-
ment of the treatment plan. These are several pri-
mary questions to be answered at the time of 
initial suspicion of regional or disseminated tes-
ticular cancer. The evaluation required at this 
point is not complicated. The evaluation depends 
almost entirely on history (including survivorship 
profi le) and physical exam (including examina-
tion of the remaining testis and clinical assess-
ment of pulmonary reserve), simple laboratory 
parameters to determine liver and renal function, 
anatomical imaging and serum HCG, AFP, and 
LDH. It should be emphasized that the determi-
nation of IGCCCC risk relative to marker eleva-
tion refers to the stable post-orchiectomy markers. 
Anatomical imaging consists of chest, abdomen, 
and pelvic CT with intravenous and oral contrast. 
The routine use of positron emission tomography 
(PET) increases radiation exposure, does not pro-
vide additional meaningful clinical information, 
and is not recommended. Routine imaging of 
brain or bone is not recommended unless there 
are clinical concerns regarding these sites or there 
are widely disseminated, high-volume metastases 
(IGCCCC poor-risk disease) (Table  5.1 ). 

 Patients occasionally present with signs and 
symptoms of overwhelming metastatic disease 
and have not had an orchiectomy for tissue diag-
nosis. In this setting, orchiectomy is not manda-
tory in the pre-chemotherapy treatment period if 
there is a diagnostic elevation of tumor markers 
(HCG, AFP) or a biopsy of a metastatic deposit 
has established the diagnosis. The testicular 
 primary is then removed after completion of 
 chemotherapy often in conjunction with the post-
chemotherapy RPLND. 

 During the initial evaluation of regional and 
disseminated disease, one must consider the 
physiological suitability of the patient for receipt 
of multiagent chemotherapy particularly cispla-
tin and bleomycin. This evaluation is critical to 
treatment planning. Details of evaluation for such 
suitability are outlined in the section on practical 
delivery of BEP.  

5.4     Formulating a Treatment 
and Survivorship Plan 

 The evaluation as outlined will provide the sub-
strate to determine the survivorship and treatment 
plan. Key issues that must be addressed initially 
are fertility and fertility preservation, physiologi-
cal, fi nancial, psychological, and social barriers 
to effective treatment, patient education, and 
patient engagement. For patients without com-
pleted families and who desire this option, guide-
lines and experts recommend consideration of 
semen analysis and cryopreservation prior to 
defi nitive treatment (Krege et al.  2008a ,  b ; Wood 
et al.  2010 ). It should be emphasized that, in the 
USA, insurance coverage for semen cryopreser-
vation is uneven, and the cost is often borne by 
the individual. Several organizations have worked 
to provide free or reduced cost access to fertility 
services (LIVE STRONG  Fertile Hope and 
Oncofertility). Most testicular cancer patients do 
recover endogenous sperm production to suffi -
cient levels after chemotherapy or radiation, and 
some of those who require post-chemotherapy 
surgery are able to have nerve-sparing procedures 
that allow for antegrade ejaculation.  

5.5     Treatment 
Recommendations for 
Nonseminoma by Stage 

5.5.1     Practical Delivery of BEP 

 Best chemotherapy outcomes in regional and dis-
seminated germ cell tumors depend on timely 
and safe delivery of standard cisplatin, etoposide, 
and bleomycin. Doses and schedules of BEP are 
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standardized. There are clinical data suggesting 
that signifi cant deviations in dose and timing 
from the well-defi ned schedule have a meaning-
ful negative impact on outcomes. As well, stan-
dard dose and schedule BEP when given by 
attentive and experienced chemotherapists with 
modern supportive care is remarkably safe with 
low incidence of intolerable nausea and vomiting 
and neutropenic fever and less than 1 % inci-
dence of fatal complications of treatment. 

5.5.1.1     When to Seek Consultation 
with High-Volume Center 

 For many years, led by Dr. Lawrence Einhorn 
and Dr. Stephen Williams at Indiana University, 
the international academic testicular cancer com-
munity has been extremely open to solicitation of 
opinions from the community or direct referral 
of any patient for a second opinion or application 
of specialized expertise. Our recommendations 
are to take advantage of these services as often as 
is needed. In particularly, we would recommend 
referral of all patients requiring tertiary services 
(clinical trials, post-chemotherapy assessment 
and surgery, patients with suspected or proven 
recurrent disease needing salvage treatments and 
patients with complex, high-risk clinical scenar-
ios including all patients with initial intermedi-
ate- and poor-risk disease in particular those with 
high HCG, patients presenting with high-volume 
abdominal disease, patients with signifi cant 
comorbid conditions, and patients with late recur-
ring germ cell tumors).  

5.5.1.2     Practical Management of 
Hematologic Complications 

 In good-risk patients receiving standard BEP, the 
primary hematologic complication is transient 
neutropenia. Signifi cant anemia or thrombocyto-
penia is rare. Neutropenic fever is uncommon 
and occurs in about 15 % of cycles in good-risk 
patients. In patients with more advanced disease 
or associated poor performance status, the inci-
dence can approach 30–40 %. 

 Most centers do not use prophylactic hemato-
poietic growth factors in patients with good-risk 
disease and reserve hematopoietic growth factors 
for those patients presenting with intermediate- or 

poor-risk disease, those rare patients who present 
with signifi cantly impaired performance status, 
those receiving salvage chemotherapy, and those 
with a history of abdominal/pelvic radiation. 
Those good-risk patients who experience neutro-
penic fever with initial chemotherapy cycles 
receive hematopoietic growth factors as second-
ary prophylaxis. 

 Initiation of chemotherapy should not be 
delayed based on arbitrary neutrophil recovery. 
Cycles should start every 21 days without dose 
attenuation or delay independent of neutrophil 
count. Holidays or vacations are not suitable rea-
sons to alter the schedule. Nursing colleagues 
should receive specifi c instructions regarding 
treating patients with sometimes astonishing low 
counts and be reassured that these young patients 
typically have very rapid hematopoietic recovery 
without initiation of growth factors or dose atten-
uation or delay.  

5.5.1.3     Management of 
Chemotherapy-Induced 
Nausea and Vomiting 

 BEP combination chemotherapy is highly emeto-
genic and requires appropriate levels of anti-
emetic support. As well, delayed nausea and 
vomiting can be pronounced in this population 
receiving multiday cisplatin. Optimizing control 
of both acute and delayed nausea and vomiting is 
critical to managing fl uid balance and keeping 
patients on schedule. A typical BEP order set 
should include appropriate antiemetics which 
includes 5HT-3 antagonists, steroids, and, in 
many institutions, aprepitant.  

5.5.1.4     Management of Potential 
Nephrotoxicity 

 Aggressive pre- and post-chemotherapy hydra-
tion is the key to minimizing nephrotoxic conse-
quences of cisplatin-based chemotherapy. If the 
patient is receiving cisplatin-based chemotherapy 
as an outpatient, at least one liter of normal saline 
should be given prior to initiation of cisplatin and 
1.5 to two additional liters after cisplatin each day. 
Patients should be encouraged to drink liquids 
aggressively and report signifi cant vomiting 
immediately. Patients frequently gain a signifi cant 
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amount of “water” weight over the course of each 
5-day session, but this mobilizes rapidly and does 
not require diuretics for management. 

 Invariably, patients will have some wasting of 
magnesium, calcium, and potassium over the 
course of treatment. Rarely is this of clinical con-
sequence. The common practice of adding mag-
nesium to IV fl uids does not prevent ongoing 
renal losses and is not recommended. Mannitol to 
promote diuresis has been associated in a small 
randomized trial with increased renal complica-
tions (Morgan et al.  2012 ; Leu and Baribeault 
 2010 ; Santoso et al.  2003 ). Most centers with sig-
nifi cant experience do not add mannitol to the IV 
fl uids used in hydration.  

5.5.1.5     Management of Potential 
Bleomycin Complications 

 Bleomycin is an essential drug for optimal man-
agement of testicular cancer and can be given 
safely in almost all patients. Anaphylaxis is very 
rare and can occur at any dose. Thus, the older 
practice of bleomycin test doses or skin tests are 
not used in most centers. In published experi-
ences of three cycles of BEP, deaths from toxicity 
of any type are very rare, and in particular it is 
diffi cult to fi nd patients in a modern series who 
have died of bleomycin toxicity. In large experi-
ences using four cycles of BEP, less than 1 % of 
patients are reported to have died from bleomy-
cin pulmonary toxicity. That said, there are some 
common precautions and ongoing assessments 
that can help identify early those few patients 
who may be developing preliminary signs of tox-
icity. The fi rst challenge is to identify patients 
who may be at heightened risk for bleomycin 
toxicity in particular patients with demonstrable 
severe lung compromise, patients with signifi -
cantly reduced renal function, and older patients. 
In addition, in good-risk patients, one must bal-
ance the risk of bleomycin (BEP × 3) against the 
toxicity of the obligate additional course of cis-
platin (EP × 4) if one were to delete bleomycin as 
well as the potential of losing therapeutic punch 
by eliminating bleomycin from the regimen. 
Second, it must be recognized that managing 
potential bleomycin pulmonary toxicity is pri-
marily a clinical challenge and it is very diffi cult 

to predict bleomycin lung disease based primar-
ily on changes in pulmonary function tests. 
A practical approach to this problem is to reserve 
EP or VIP for those few patients who have sig-
nifi cant contraindications to bleomycin. All 
patients who receive bleomycin should be 
informed of the necessity of reporting pulmonary 
symptoms such as a dry cough. Patients should 
be queried for such symptoms on a regular basis 
during chemotherapy. Patients should also have a 
pulmonary examination by the provider with 
each cycle of therapy to discern if there is an 
inspiratory lag or the development of dry or 
“Velcro” rales, and if these symptoms and sign 
appear, bleomycin should be discontinued. 
Common practice for patients scheduled to 
receive four cycles of therapy is to perform pul-
monary function tests at the initiation of therapy 
and the beginning of the fourth cycle. If there has 
been a signifi cant decline in the diffusion capac-
ity (>30–40 %), bleomycin is held. Also, for 
intermediate- and poor-risk patients receiving 
four cycles of BEP in whom a signifi cant post- 
chemotherapy surgery is anticipated, common 
practice has been to hold the eleventh and twelfth 
doses of bleomycin. 

 Bleomycin skin changes are common and 
usually transitory. Bleomycin should not be held 
or eliminated based on skin streaking, painful 
nodules on digits, or discoloration.    

5.6     Post-chemotherapy 
Management 

 At the completion of chemotherapy for regional 
or disseminated germ cell tumors, a careful reas-
sessment is required within 4 weeks of comple-
tion of chemotherapy to establish formally the 
post-chemotherapy status and the possible need 
for further adjunctive treatments and to establish 
a plan for follow-up and long-term survivorship. 

 Nonseminoma patients completing chemo-
therapy for nonseminoma must be evaluated for 
residual disease and the need for post- 
chemotherapy surgery. Residual radiographic 
abnormalities in patients with nonseminoma are 
not necessarily biologically inert. Approximately 
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40–45 % of patients have residual chemotherapy- 
insensitive teratoma and 5–10 % have residual 
viable germ cell cancer. The remainder have 
necrotic fi brotic residual without biologically 
active elements. There is universal consensus 
among experts and across guidelines that patients 
with residual radiographic fi ndings greater than 
one cm on axial imaging have full resection of 
residual radiographic abnormalities (usually 
RPLND). For patients obtaining a complete 
radiographic remission (residual less than one 
cm), there is some controversy regarding the 
necessity of resection. Two large retrospective 
experiences inform this debate. These large series 
demonstrate that the abdominal recurrence rate is 
less than 10 % for patients observed after obtain-
ing complete chemotherapy-induced remission, 
and there does not appear to be an enhanced risk 
of late relapse or death in patients so managed. 
There are no randomized comparisons of selec-
tive post-chemotherapy observation versus sur-
gery for all patients after chemotherapy. Opinions 
and institutional guidelines vary markedly (Krege 
et al.  2008a ,  b ; Wood et al.  2010 ). Most guide-
lines and most high-volume centers recommend 
selective application of surgery in the post- 
chemotherapy setting reserving this for patients 
with greater than one cm residual disease on axial 
imaging. There are some institutions that con-
sider initial IGCCC risk as a factor in recom-
mending surgery and often offer surgery in 
patients with initial intermediate- or poor-risk 
disease despite achieving complete remission 
with primary chemotherapy. 

 Seminoma patients completing chemotherapy 
for seminoma also must be evaluated to establish 
the post-chemotherapy status and need for addi-
tional evaluations. In seminoma, most centers 
and most guidelines use a cutoff of 3 cm disease 
on axial imaging to gauge the need for further 
evaluations. For patient with less than 3 cm resid-
ual, risk of recurrence is very low and further 
evaluations of aggressive posttreatment imaging 
is not recommended. In patients with greater than 
3 cm residual abnormalities, there is a higher 
chance of harboring residual seminoma and fur-
ther evaluation or close follow-up is recom-
mended. Currently, where positive emission 

tomography (PET) is available, it is recom-
mended that a PET scan be obtained at the 6–8 
week post-chemotherapy point. If negative, the 
patient should be observed as a low-risk semi-
noma patient. For those with positive or equivo-
cal PET, it is recommended that the patient 
undergo biopsy or resection to clarify pathologi-
cally the nature of the residual mass or undergo 
serial anatomic imaging to establish a pattern of 
growth. There are a number of false-positive PET 
determinations even at experienced centers, and 
salvage therapy should not be initiated without 
evidence of residual seminoma or evidence of 
serial growth of the disease. 

 Follow-Up Schedules and Imaging. There is 
no high-grade evidence to guide management of 
patients after completion of primary therapy for 
disseminated disease in terms of follow-up 
schedules and imaging. Nearly all of this has 
arisen from individual institution’s experience 
and biases. Published schedules range from low 
intensity follow-up and imaging over a 3–5-year 
period to intense schedules including more than 
20 CTs over a 10-year period. The single ran-
domized comparison available in this clinical 
arena is reported by Rustin and colleagues 
(Rustin et al.  2007 ). In CSI nonseminoma, imag-
ing schedules of two abdominal CTs were com-
pared to fi ve abdominal CTs. No difference was 
identifi ed in the proportion of patients relapsing 
with intermediate- or poor-risk disease or a dif-
ference in the size of the abdominal relapse. 
Appropriate concerns about cost, false-positives, 
and exposure to ionizing radiation are being 
raised. Based on contemporary discussions with 
international experts and known periods of risk, 
our groups recommend a parsimonious approach 
with most imaging confi ned to primary periods 
of risk of recurrence (years 1 and 2), selective 
imaging of areas at highest risk (abdominal CTs 
without chest or pelvic CTs), and exploration of 
technologies that reduce exposure to ionizing 
radiation such as low-dose CT and MRI. Beyond 
year 2, the focus largely becomes management of 
the often subtle effects of treatment of the disease 
itself (hypogonadism, infertility, metabolic syn-
drome, social emotional consequences) often in 
conjunction with the primary care team.     
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6.1            Pathology 

 It is important to distinguish the primitive germ 
cell tumors (dysgerminoma, yolk sac tumor, 
embryonal carcinoma, polyembryoma, nongesta-
tional choriocarcinoma, and mixed germ cell 
tumor) and biphasic or triphasic teratomas 
(immature teratoma) from the even less common 
monodermal teratoma and somatic-type tumor 
category, which includes such tumor types as car-
cinoid, malignancies arising in a benign cystic 
teratoma (melanoma, carcinoma, sarcoma, etc.), 
or primitive neuroectodermal tumor (Tavassoli 
and Deville  2003 ; Roth and Talerman  2006 ). This 
chapter will discuss only the clinical manage-
ment of the fi rst two types.  

6.2     Prognostic Factors 

 Although prognostic factors for testicular cancer 
have been identifi ed relatively easily, doing so 
for ovarian germ cell tumors has been consider-
ably more challenging related to the rarity of this 
entity. However, over the past few years, a few 
large-scale studies have identifi ed key factors, 
including International Federation of Gyneco-
logy and Obstetrics staging system’s (FIGO) 
stage, lymph node involvement, histologic type, 
residual disease, type of chemotherapy, and ele-
vation of serum tumor markers (Lai et al.  2005 ; 
Murugaesu et al.  2006 ; Kumar et al.  2008 ). Lai 
et al. reported that advanced FIGO stage and 
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 nondysgerminoma/immature teratoma histology 
were associated with a signifi cantly increased 
risk of treatment failure. Murugaesu et al. found 
that FIGO stage and combined elevations of 
hCG and AFP were prognostic. Kumar et al. 
recently reported that, after controlling for age, 
race, FIGO stage, histology, and grade, the pres-
ence of lymph node involvement is an indepen-
dent predictor of poor survival, with a hazard 
ratio of 2.87 (Kumar et al.  2008 ). In a study of 
1984 male patients with metastatic germ cell 
tumors of both gonadal and extragonadal sites, 
The International Prognostic Factors Study 
Group found that histology, primary tumor loca-
tion, response, progression- free interval after 
fi rst-line treatment, levels of alpha fetoprotein or 
human chorionic gonadotropin, and the presence 
of liver, bone, or brain metastases at salvage 
were identifi ed as independent prognostic fac-
tors and were used to establish a prognostic 
model (The International Prognostic Factors 
Study Group  2010 ).  

6.3     Primary Surgical 
Management 

 There is no standard evaluation for a young 
woman suspected of having a malignant ovar-
ian germ cell tumor. Generally, the signs and 
symptoms are indistinguishable from those 
associated with other ovarian tumor types. 
Because ovarian germ cell tumors are, on aver-
age, larger than the more common epithelial 
ovarian carcinomas—a mean of 16 cm in diam-
eter in the M.D. Anderson series—pelvic/
abdominal pain may be more prominent in this 
patient cohort. In addition, fever or abnormal 
vaginal bleeding may occur in a small propor-
tion of patients. 

 In our view, a minimum work-up for a young 
patient with an adnexal mass suspicious for 
malignancy should include routine blood studies 
and chest x-ray, serum tumor markers, transvagi-
nal sonography (to elucidate the specifi c charac-
teristics of the ovarian mass(es)), and computed 
tomography of the abdomen/pelvis to provide 
information on potential upper abdominal or ret-
roperitoneal involvement. 

 Primary surgery serves several purposes, 
including the resection of tissue to make an 
 accurate histological diagnosis, the prospect of 
comprehensive surgical staging in early stage 
disease, and the opportunity for cytoreductive 
surgery in the event that advanced stage disease 
is encountered. Regardless of stage, most young 
women who are found to have a malignant ovar-
ian germ cell tumor may be treated with fertility-
sparing surgery given the characteristics of this 
tumor type. Typically the surgeon relies on the 
intraoperative pathology report provided during 
surgery. Though it is sometimes diffi cult for the 
general pathologist to characterize the histology 
based solely on the microscopic intraoperative 
evaluation, this is often the only information the 
surgeon has upon which to make decisions 
regarding fertility preservation and the extent of 
surgery, as the diagnosis cannot be made based 
on gross inspection alone. 

 Contemporary surgical principles are primar-
ily based on information derived from early case 
series on the operative and pathological fi ndings 
in patients with malignant ovarian germ cell 
tumors (Norris et al  1976 ; Kurman and Norris 
 1976a ,  b ,  c ; Kurman and Norris  1977 ; Jimerson 
and Woodruff  1977a ,  b ; Gershenson et al.  1983 , 
 1984 ,  1986a ,  b ). These reports collectively indi-
cate that malignant ovarian germ cell tumors are 
usually quite large, are frequently confi ned to the 
ovary (stage I), and are unilateral. The exception 
to the latter is in the case of pure dysgerminoma 
or mixed germ cell tumor with a dysgerminoma 
component, in which approximately 10–15 % of 
cases are associated with bilateral ovarian 
involvement. In addition, an ipsilateral or contra-
lateral benign cystic teratoma may be present in 
5–10 % of cases. 

6.3.1     Fertility-Sparing Surgery 

 Most patients with malignant ovarian germ cell 
tumors are candidates for fertility-sparing sur-
gery related to the combined factors of young 
age, unilateral ovarian involvement, and pre-
ponderance of stage I disease. In their report 
of 182 patients with tumors grossly confi ned 
to the ovary, Kurman and Norris observed no 
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negative infl uence on prognosis associated with 
fertility- sparing surgery (Kurman and Norris 
 1977 ). For the past few decades, fertility-spar-
ing surgery consisting of unilateral salpingo-
oophorectomy has become the standard 
management for young adult women who wish 
to preserve fertility. Even for patients with 
advanced stage disease, it is frequently possible 
to preserve the uterus and normal contralateral 
ovary. Several series report the rate of fertility-
sparing surgery of 55–81 % of patients (Zanetta 
et al.  2001 ; Gershenson et al.  2007 ; Weinberg 
et al.  2011 ). These studies do include patients 
treated as remotely as the 1970s, when fertility 
preservation was not a consideration, so current 
percentages of successful fertility preservation 
may be higher. In a small proportion of these 
patients, both ovaries were removed because of 
tumor involvement or disseminated disease. In 
select cases, even ovarian cystectomy may be 
adequate surgical treatment of the involved 
ovary (Beiner et al.  2004 ). The presence of dys-
genetic gonads, if diagnosed preoperatively or 
at surgery, however, would preclude such 
management.  

6.3.2     Comprehensive Surgical 
Staging 

 The overarching principle of comprehensive sur-
gical staging for women with apparent early 
stage malignant ovarian germ cell tumors has not 
been well studied in this tumor type but rather is 
based on experience with the more common epi-
thelial ovarian cancers. Thus, most gynecologic 
oncologists believe that such management most 
accurately determines the extent of disease, pro-
vides prognostic information, and potentially 
guides postoperative management. A critical 
component of this practice is the availability and 
performance of frozen section examination intra-
operatively by an expert gynecologic pathologist. 
The standard approach consists of peritoneal 
cytologic washings (or submission of ascites 
fl uid), systematic inspection and palpation of all 
peritoneal surfaces, multiple biopsies of pelvic 
and abdominal peritoneal surfaces, omentec-
tomy, and retroperitoneal lymphadenectomy, 

including bilateral pelvic and para-aortic lymph 
node regions. 

 A very different perspective appears to  prevail 
in the pediatric surgical community. Based on an 
intergroup study in which deviations from stan-
dard surgical guidelines as detailed above did 
not adversely infl uence survival, Billmire et al. 
proposed a different set of surgical guidelines: 
collection of ascites or cytologic washings, exam-
ination of the peritoneal surfaces with biopsy or 
excision of any nodules (i.e., no random biopsies 
of normal-appearing peritoneum), examination 
and palpation of retroperitoneal lymph nodes 
and sampling of any fi rm or enlarged nodes (i.e., 
no systematic lymphadenectomy), inspection 
and palpation of omentum with removal of any 
adherent or abnormal areas, biopsy of any abnor-
mal areas, and complete resection of the tumor-
containing ovary with sparing of the fallopian 
tube if not involved (Billmire et al.  2004 ). It does 
not make sense that the surgical management 
should differ for children versus adults; thus, fur-
ther study of the role of comprehensive surgical 
staging is warranted. In the meantime, most adult 
patients who undergo surgery by a gynecologic 
oncologist will  continue to have the more exten-
sive procedure. Interestingly, a recent report by 
Bryant et al. noted a signifi cantly higher rate of 
complete surgical staging in white patients com-
pared to African American patients (49 % vs. 
38 %;  p  = 0.001) (Bryant et al.  2009 ).  

6.3.3     Staging of Unstaged 
Malignant Ovarian 
Germ Cell Tumors 

 Not infrequently, patients are referred after 
 having undergone primary surgery without com-
prehensive surgical staging. Unfortunately, scant 
information exists to guide gynecologic oncolo-
gists in managing this situation. In making a 
decision about reoperation, a relevant question 
is whether an additional procedure will change 
management or infl uence prognosis. Here again, 
the pediatric intergroup study would suggest that 
a second operative procedure is not indicated. In 
a recent report from the Multicenter Italian Trials 
in Ovarian Cancer (MITO) group, Mangili et al. 
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described 26 patients with pure ovarian dysger-
minoma, of whom only fi ve patients had com-
plete surgical staging (Mangili et al.  2011 ). Three 
patients (11.5 %) relapsed; none of them had 
received adjuvant chemotherapy, and all had not 
received a complete surgical staging. However, 
all relapsed patients were salvaged. The authors 
concluded that, although conservative surgery 
with complete surgical staging is the gold stan-
dard, options for patients with incomplete stag-
ing could be surgical restaging or surveillance. 

 Our general approach to this clinical sce-
nario is to perform imaging studies. If the ovar-
ian mass has been resected, and no other 
abnormalities exist, then we would advise 
against surgery. If staging surgery is recom-
mended, then a minimally invasive surgical 
approach is preferable, unless otherwise contra-
indicated. If imaging shows bulky residual dis-
ease, consideration will be given to a second 
procedure to achieve minimal residual disease, 
but in the absence of bulky disease, surgery is 
generally avoided. These recommendations dif-
fer somewhat from those for unstaged epithelial 
ovarian cancer, as germ cell tumors tend to be 
much more chemosensitive than their epithelial 
counterparts.  

6.3.4     Primary Cytoreductive 
Surgery for Advanced Stage 
Disease 

 Whether we should follow the same principles 
that we apply in epithelial ovarian cancers to the 
management of these chemosensitive tumors 
remains unresolved. Little information to guide 
practice exists. Two reports from the Gynecologic 
Oncology Group (GOG) suggest a benefi t from 
minimal residual disease at completion of pri-
mary cytoreductive surgery followed by either 
non-platinum- or platinum-based chemotherapy 
regimens (Slayton et al.  1985 ; Williams et al. 
 1989 ), but patients in these studies were not pre-
scribed BEP as is commonly used for germ cell 
tumors today. While maximum cytoreduction to 
achieve minimal residual disease is the primary 
goal, one should also consider patient safety and 

reducing morbidity in view of the excellent che-
mosensitivity of this disease spectrum.   

6.4     Postoperative Therapy 

6.4.1     Chemotherapy for 
Nondysgerminomatous 
Tumors 

 Prior to the advent of combination chemother-
apy in the 1970s, the prognosis for patients with 
malignant ovarian germ cell tumors was poor. 
With the exception of patients with dysgermi-
noma, the survival rate for patients with appar-
ent stage I disease was only 5–20 %, and the 
survival for those with advanced stage disease 
was negligible (Kurman and Norris  1976a ,  b ,  c , 
 1977 ; Jimerson and Woodruff  1977a ,  b ; 
Gershenson et al.  1983 ,  1984 ,  1986a ,  b ). In the 
1970s, the combination of vincristine, dactino-
mycin, and cyclophosphamide (VAC) became 
the standard (Slayton et al.  1985 ; Gershenson 
et al.  1985 ). Although this regimen was moder-
ately effective for patients with apparent early 
stage disease, it was relatively ineffective for 
those with advanced stage tumors. Since about 
the mid-1980s, the combination of bleomycin, 
etoposide, and cisplatin (BEP) has been the 
standard (Gershenson et al.  1990 ; Williams et al. 
 1994 ). Cure rates for patients with stage I dis-
ease approach 100 % compared with 75 % + for 
those with advanced stage tumors.  

6.4.2     Chemotherapy for 
Dysgerminoma 

 Historically, the major distinction between 
pure dysgerminoma and the other subtypes of 
malignant ovarian germ cell tumors has been its 
exquisite radiosensitivity. Prior to the modern 
chemotherapy era, dysgerminoma was associ-
ated with a very high cure rate when treated with 
radiotherapy. However, in the 1980s, clinical 
experience and subsequent clinical trials clearly 
indicated that dysgerminoma is equally  sensitive 
to cytotoxic chemotherapy (Gershenson et al. 
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 1986 ; Williams et al.  1991 ; Brewer et al.  1999 ; 
Williams et al.  2004 ). Of course, the major advan-
tage of chemotherapy is the much lower incidence 
of associated premature ovarian failure.  

6.4.3     Surveillance 

 Historically, the only patients considered to be 
candidates for treatment with surgery alone were 
those with stage IA pure dysgerminoma and stage 
IA, grade 1 immature teratoma. However, over the 
past few years, a number of groups have reported 
provocative results with the strategy of surveil-
lance following primary surgery (Table  6.1 ). In 
considering this strategy, the critical issue is ulti-
mate outcome. Of course, if surveillance is suc-
cessful, one can avoid the myriad acute effects of 
chemotherapy as well as the risk of signifi cant 
late effects, such as secondary leukemia or prema-
ture ovarian failure. Even if there is a moderate 
relapse risk necessitating chemotherapy, if one 
can avoid chemotherapy in a signifi cant propor-
tion of patients and concomitantly salvage those 
who relapse, such management will be deemed 
successful. On the other hand, if very many of 

those who relapse ultimately  succumb to their dis-
ease, it will most certainly not become part of 
standard practice. Where the threshold lies on the 
latter remains unresolved.

   Bonazzi et al. conducted a prospective study 
of 22 patients with stage I or II, grade 1 or 2, 
immature teratoma of the ovary who were 
treated with surgery alone (Bonazzi et al.  1994 ). 
Two patients relapsed—one with stage IA, grade 
2 and the other with stage IC, grade 2. Both 
were salvaged with surgery that revealed only 
grade 0 immature teratoma. Dark et al. reported 
on 24 patients who underwent surveillance after 
surgery for stage IA malignant ovarian germ cell 
tumors (Dark et al.  1997 ). Nine had dysgermi-
noma (which most already would observe); nine 
had immature teratoma; and six had yolk sac 
tumors, with or without immature teratoma. In a 
follow-up report from the Charing Cross/Mt. 
Vernon group in UK, which apparently included 
those reported earlier, 37 patients with stage I 
malignant ovarian germ cell tumors underwent 
surveillance (Patterson et al.  2008 ). However, 
one patient had a squamous carcinoma arising in 
a mature cystic teratoma, which, in my opinion, 
is a completely different entity. The other 36 

   Table 6.1    Surveillance following primary surgery   

 Study  No. pts.  Stages  Tumor types  Relapse  Outcome 

 Bonazzi et al. 
( 1994 ) 

 22  I, II  IT—G1 & 2  2 (9 %)  IT G0: both salvaged with 
surgery alone (? growing 
teratoma syndrome) 

 Mitchell et al. 
( 1999 ) 

 9  I  IT—G2, unknown 
grade 

 1 (11 %)  IT unknown grade; 

 Mixed GCT—all with 
YST 

 Refused further treatment 

 Cushing et al. 
( 1999 ) 

 44  I (clinical)  IT—G1,2, 3  1 (2.3 %)  Salvaged with chemotherapy 
 Mixed 
GCT—IT + YST 

 Patterson et al. 
( 2008 ) 

 36  I  IT—G0, 1, 2, & 3  11 (30 %)  All salvaged with 
chemotherapy except for 1 pt. 
with high - grade IT who died of 
progressive disease and 1 pt. 
with G2 IT who died of PE 
while receiving chemotherapy 

 Dysgerminoma 
 Yolk sac tumor 
 Embryonal carcinoma 
 Mixed GCT 

 Mangili et al. 
( 2010 ) 

 19  I  IT—G1, 2, 3  4 (21 %)  2 with IT G0 salvaged with 
surgery; 2 with IT salvaged 
with surgery + chemotherapy 

  Reports of surveillance strategy in patients with malignant ovarian germ cell tumors 
  Abbreviations :  IT  immature teratoma,  GCT  germ cell tumor,  YST  yolk sac tumor,  PE  pulmonary embolism  
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patients included three with grade 0 immature 
teratoma (which would never require chemo-
therapy unless thought to represent a growing 
teratoma syndrome), nine dysgerminomas, one 
embryonal carcinoma, 15 immature teratomas, 
six yolk sac tumors, and two with mixed germ 
cell tumors. Of these 36 patients, 11 (31 %) 
relapsed—one with mature teratoma (which 
may represent growing teratoma syndrome), 
two with dysgerminoma (although one was a 
second primary in the contralateral ovary), four 
with immature teratoma, two with mixed germ 
cell tumors, and one each with yolk sac tumor 
and embryonal carcinoma. Two of the 11 
patients died. One had grade 2 immature tera-
toma and became pregnant. She was diagnosed 
13 months after diagnosis and died of a pulmo-
nary embolus during chemotherapy. The second 
patient had grade 3 immature teratoma. She 
relapsed 3 months after diagnosis and subse-
quently died after secondary surgery and multi-
ple lines of chemotherapy. 

 Mitchell et al. ( 1999 ) reported nine patients 
with stage I malignant ovarian germ cell 
tumors—six with immature teratoma and three 
with mixed germ cell tumors, all of whom had 
yolk sac tumor elements. At the time of the 
report, only one patient had relapsed. She had 
immature teratoma of unknown grade and 
relapsed 8 months after a unilateral salpingo-
oophorectomy, but her parents refused further 
therapy. Cushing et al. ( 1999 ) described 44 
patients with completely resected immature 
teratoma (31 pure and 13 with yolk sac tumor) 
treated with surgery alone. With a median fol-
low-up of 4.2 years, one patient with a mixed 
germ cell tumor relapsed at 18 weeks, as indi-
cated by a rising alpha fetoprotein, and was 
salvaged with 4 cycles of BEP. At the time of 
the report, she was disease-free at 57 months 
after completing chemotherapy. 

 Most recently, Mangili et al. ( 2010 ) reported 
28 patients with stage I pure immature tera-
toma of whom 19 were treated with surgery 
alone. Of these 19 patients, nine had grade 1 
disease, eight had grade 2, and two had grade 3 
disease. Four patients (21 %) relapsed—two 
with mature teratoma and two with immature 

teratoma. The two with mature teratoma recur-
rence were treated with secondary cytoreduc-
tive surgery, and the two with immature 
teratoma were treated with secondary surgery 
followed by BEP chemotherapy. All were 
salvaged. 

 The Children’s Oncology Group (COG) is 
currently studying the treatment strategy of sur-
gery plus surveillance in children with stage I 
malignant ovarian germ cell tumors. If the fi nd-
ings appear to be promising, further study will be 
required in adult patients.   

6.5     Treatment of Recurrent 
Malignant Ovarian Germ 
Cell Tumor 

6.5.1     Secondary Cytoreductive 
Surgery 

 As in all types of ovarian malignancies, the role 
of secondary cytoreductive surgery remains 
unclear. There are retrospective reports that 
suggest a benefi t of secondary debulking in 
selected patients with recurrent malignant ovar-
ian germ cell tumors (Messing et al.  1992 ; 
Munkarah et al.  1994 ; Li et al.  2007 ). However, 
there are no prospective trials nor is there likely 
to be given the rarity of this tumor type and 
clinical scenario. Munkarah et al. ( 1994 ) 
reported that the survival of patients with recur-
rent immature teratoma who underwent sec-
ondary cytoreductive surgery was superior to 
those with other subtypes. Similarly, Li et al. 
( 2007 ) reported that in chemorefractory patients 
with recurrent disease, patients who underwent 
secondary cytoreductive surgery for dysgermi-
noma or immature teratoma did better than 
patients with other histologic subtypes, as did 
patients who underwent optimal cytoreduction. 
In the context of inadequate data, ideal candi-
dates for secondary debulking are those with an 
isolated focus or limited foci of recurrent 
tumor. Those with carcinomatosis, multiple 
hepatic metastases, or extensive extraperitoneal 
disease are unlikely to benefi t from this thera-
peutic approach.  
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6.5.2     Systemic Treatment 
of Recurrence 

 Fortunately, recurrence of a malignant ovarian 
germ cell tumor is very uncommon. Of those 
patients who do recur, most do so within 24 
months of diagnosis (Messing et al.  1992 ). 
Because of the rarity of relapse in this disease, 
no standard therapy exists. Consequently, treat-
ment strategies have been extrapolated from 
clinical experience in testicular cancer. Currently, 
the most common salvage regimens consist of 
either the combination of paclitaxel, ifosfamide, 
and cisplatin (TIP) or the combination of vin-
blastine, ifosfamide, and cisplatin (VIP) (Loehrer 
et al.  1988 ,  1998 ; McCaffrey et al.  1997 ; 
Kondagunta et al.  2005 ). The VIP or TIP regi-
men is generally recommended as an induction 
strategy for 1–2 cycles followed by high-dose 
chemotherapy with stem cell rescue, again 
 predominantly based on experience in testicular 
cancer (Broun et al.  1997 ; Bhatia et al.  2000 ; 
Motzer et al.  2000 ; Einhorn et al.  2007 ). Of note, 
a better prognosis was seen among patients with 
chemorefractory disease who received standard 
BEP/PVB salvage chemotherapy non-BEP/PVB 
primary chemotherapy, potentially highlighting 
the superior effi cacy of this treatment regimen 
(Li et al.  2007 ).   

6.6     Growing Teratoma 
Syndrome 

 The growing teratoma syndrome is extremely rare 
(Kattan et al.  1993 ; Amsalem et al.  2004 ; Zagame 
et al.  2006 ). Diagnostic criteria include the 
 following: (1) clinical or radiological enlargement 
of tumor masses during or after chemotherapy 
administered for a malignant ovarian germ cell 
tumor that originally has immature teratoma ele-
ments; (2) normalization of previously elevated 
serum tumor markers—AFP, hCG, or both; and 
(3) only mature (grade 0) teratoma without any 
malignant germ cell component in the resected 
tissue. Because of the tenfold difference in inci-
dence, growing teratoma syndrome is much more 
common in males. Treatment consists of complete 

surgical resection, whenever feasible. Zagame 
et al. reported 12 patients with growing teratoma 
syndrome (Zagame et al.  2006 ). The median inter-
val between the diagnosis of an immature tera-
toma of the ovary and the growing teratoma 
syndrome was 9 months, with a range of 4–55 
months. In nine of the 12 cases, the diagnosis was 
made on radiological examination. Complete sur-
gical resection was performed in eight patients, 
and all but one patient, who was lost to follow-up, 
were alive at the time of the report.     
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7.1            Ovarian Sex Cord-Stromal 
Tumors 

    Ovarian tumors comprise 1 % of childhood 
 cancer (Breen and Maxson  1977 ) and are the 
most frequent neoplasm of the female genital tract 
(Hassan et al.  1999 ). Ovarian sex cord-stromal 
tumors account for approximately 15 % of ovar-
ian tumors in pediatrics and approximately 7 % of 
ovarian tumors in adults (Koonings et al.  1989 ). 
In young children, ovarian germ cell tumors are 
more common than ovarian stromal tumors. In 
adults, epithelial ovarian tumors predominate. 

 Ovarian sex cord-stromal tumors develop 
from the specifi c gonadal stroma that supports 
germ cell development and hormone secretion. 
The histologic differentiation is not restricted 
to the sex of the patient. Thus, ovarian sex 
cord- stromal tumors include juvenile granu-
losa cell tumors, adult granulosa cell tumors, 
Sertoli- Leydig cell tumors, Sertoli tumors, 
sclerosing stromal tumors, sex cord-stromal 
tumor with annular tubules, undifferentiated sex 
cord- stromal tumors, and gynandroblastoma. 
Gynandroblastomas contain both granulosa cell 
and Sertoli cell elements. The recently described 
microcystic stromal tumor of the ovary is likely 
to be grouped within the sex cord-stromal tumor 
category, although this tumor type has not yet 
been reported in a pediatric patient (youngest 
reported to date, 26 years) (Irving and Young 
 2009 ). Sclerosing stromal tumors may occur 
within pediatrics and are generally regarded as 
benign (Fefferman et al.  2003 ). 
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 In children and adolescents, juvenile granu-
losa cell tumors are the most common subtype, 
followed by Sertoli-Leydig cell tumors. The age 
at presentation of juvenile granulosa cell tumors 
is younger than that in Sertoli-Leydig cell tumors 
and primarily includes prepubertal patients. In 
contrast, the incidence of Sertoli-Leydig cell 
tumors increases during adolescence. 

 Extragonadal sex cord-stromal tumors may 
also occur, usually in adult women and within the 
pelvis, including the broad ligament. Typically 
these cases are either granulosa cell tumors or 
sex cord-stromal tumors with annular tubules 
histology. 

7.1.1     Normal Ovarian Structures 

 In contrast to epithelial and germ cell tumors, sex 
cord-stromal tumors arise from the sex cord or 
ovarian stroma/mesenchyme of the developing 
gonad. Embryologically, ovarian sex cords arise 
from the primitive genital ridge and become the 
cortical cords. Normally, the sex cords develop 
into the ovarian follicles (Satoh  1991 ).  

7.1.2     Clinical Presentation 

 As noted in other ovarian tumors, ovarian sex 
cord-stromal tumors may present with abdominal 
pain or distention (Schultz et al.  2005 ). In con-
trast to germ cell or epithelial ovarian tumors, 
however, ovarian sex cord-stromal tumors may 
also present with signs of hormone production 
such as precocious puberty, or in older girls pri-
mary or secondary amenorrhea or virilization 
(Schultz et al.  2005 ). Ovarian sex cord-stromal 
tumors show staining for sex steroid biosynthesis 
enzymes, thus androgenic clinical fi ndings are 
likely related to synthesis of hormones by sex 
steroid biosynthesis enzymes present within 
tumor tissue (Costa et al.  1994 ). 

 Juvenile granulosa cell tumors typically pres-
ent in very young girls with signs of precocious 
puberty or abdominal distention (Schneider et al. 
 2003a ). In some patients, tumors may lead to 
ovarian torsion or spontaneous tumor rupture; 
these patients clinically present with acute 

abdominal pain. Juvenile granulosa cell tumors 
may present in older girls with primary or sec-
ondary amenorrhea. When found at an early stage 
(International Federation of Gynecology and 
Obstetrics [FIGO] stage Ia), these tumors may be 
treated with resection alone and generally carry a 
favorable prognosis (Schneider et al.  2003a ). 

 When found at a later stage, juvenile granu-
losa cell tumors carry a poorer prognosis, espe-
cially when associated with high mitotic index 
(see Sect.  7.1.7 ). It is critical to distinguish juve-
nile granulosa cell tumors from the adult granu-
losa cell tumors usually seen in older women. 
Adult granulosa cell tumors carry a signifi cant 
risk for late recurrence, which is not the case in 
juvenile granulosa cell tumors. 

 Sertoli-Leydig cell tumors may present with 
abdominal pain or mass or with signs of viriliza-
tion including hirsutism and acne. 

 Sex cord-stromal tumor with annular 
tubules both within and outside the setting of 
 Peutz- Jeghers syndrome (PJS) may present with 
estrogenic manifestations (Gibbon  2005 ).  

7.1.3     Differential Diagnosis 

7.1.3.1     Germ Cell Tumors 
 In the absence of signs of hormone production, 
the clinical presentation of ovarian germ cell 
tumors and ovarian stromal tumors may be iden-
tical. Measurement of serum alpha fetoprotein 
(AFP) and beta human chorionic gonadotropin 
(HCG) is advised for all girls with a possible 
ovarian mass. AFP may be elevated in some cases 
of Sertoli-Leydig cell tumor, particularly Sertoli- 
Leydig cell tumors with reticular pattern. 
Carcinoembryonic antigen (CEA) measurement 
is optional, but may be elevated in some cases of 
mucinous ovarian tumors. CEA elevation has 
also been described in adults with adenocarci-
noma components arising within a mature tera-
toma (Sumi et al.  2002 ).  

7.1.3.2     Female Adnexal Tumor 
of Wolffi an Origin 

 This tumor usually arises within the broad liga-
ment but may appear to be an ovarian mass. 
Histopathologically, this lesion may strongly 
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resemble Sertoli-Leydig cell tumor (Sivathondan 
et al.  1979 ).  

7.1.3.3     Epithelial Ovarian Tumors 
 During adolescence the risk of developing epi-
thelial ovarian tumors gradually increases. This 
includes cystadenomas, both serous and muci-
nous; borderline tumors; and invasive ovarian 
adenocarcinoma. The association with BRCA 
gene mutations in this age group remains to be 
investigated. Most tumors present as stage I.  

7.1.3.4     Small Cell Ovarian Carcinoma 
 Sex cord-stromal tumors may also closely resem-
ble small cell ovarian carcinoma of the hypercal-
cemic type. Close attention to serum calcium 
levels at the time of clinical presentation is highly 
recommended (Young  2005 ). 

 Inhibin antibody may also be helpful in dif-
ferentiating ovarian sex cord-stromal tumors 
from small cell ovarian carcinoma. Positive 
staining with inhibin antibody may distinguish 
small cell carcinoma from juvenile granulosa 
cell tumor and Sertoli-Leydig cell tumor, 
although it cannot distinguish between the latter 
two diagnoses (Rishi et al.  1997 ; Zheng et al. 
 2003 ). Small cell carcinoma carries a dismal 
prognosis if aggressive treatment is not pursued. 
This entity is discussed in detail in Rare Tumors 
in Children and Adolescents (Schneider et al. 
 2012 ).   

7.1.4     Genetics 

7.1.4.1     Hereditary Predisposition 
 Juvenile granulosa cell tumors are generally seen 
in otherwise healthy children with no evidence 
of hereditary predisposition but may also occur 
in children with multiple enchondromatosis 
(Ollier’s disease), Maffucci syndrome, and PJS 
(Vaz and Turner  1986 ; Velasco-Oses et al.  1988 ; 
Tanaka et al.  1992 ). 

 Ovarian sex cord-stromal tumors with annular 
tubules are often seen in conjunction with PJS. 
In fact, one-third of patients with these tumors 
also have PJS; these patients tend to present 
at a younger age and have a higher incidence 
of bilateral disease. Peutz-Jeghers syndrome 

is associated with mutations in STK11/LKB1 
(chromosome 19p13.3), although the role of this 
gene in the development of ovarian tumors is 
unclear (Beggs Beggs et al.  2010 ). 

 A 2004 study of sporadic sex cord-stromal 
tumors showed loss of heterozygosity at 19p13.3 
without mutations or promotor methylation of 
STK11 (Kato et al.  2004 ). 

 Ovarian Sertoli-Leydig cell tumors, juvenile 
granulosa cell tumors, and gynandroblastomas 
have been noted in families of children with pleu-
ropulmonary blastoma, a rare lung tumor of 
childhood (Figs.  7.1  and  7.2 ) (Schultz et al. 
 2011 ).  DICER1  (located on chromosome 5) 
mutations are seen in the majority of children 
with pleuropulmonary blastoma (Hill et al.  2009 ) 
and have also been documented in children with 
Sertoli-Leydig cell tumor, juvenile granulosa cell 
tumor, and gynandroblastoma (Schultz et al. 
 2011 ).  DICER1  mutations may also mediate the 
association of Sertoli-Leydig cell tumors with 
multinodular goiter (Heravi-Moussavi et al. 
 2012 ; Rio Frio et al.  2011 ; Schultz et al.  2011 ; 
Slade et al.  2011 ).   

 Androgen insensitivity syndrome has been 
associated with Sertoli-Leydig cell tumors 

  Fig. 7.1    Gross specimen of a Sertoli cell tumor of the 
ovary in a 6-year-old female with a previous history of mul-
tiple pleuropulmonary blastomas and a cystic nephroma; 
the child presented with persistent abdominal pain. The 
hemorrhagic appearance of this 8 cm mass refl ects torsion 
with hemorrhagic infarction. Photograph provided by D. 
Ashley Hill, MD and Louis P. Dehner, MD. Reprinted with 
permission from Elsevier (Schultz et al.  2011 )       
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(Ozülker et al.  2010 ; Stacher et al.  2010 ; 
Rutgers  2011 ). Adult granulosa cell tumors 
have been associated with a recurring somatic 
mutation in FOXL2 (Shah et al.  2009 ; Jamieson 
et al.  2010 ; Kim and Sung et al.  2010b ). 
Additionally, fi bromas may be seen in the basal 
cell nevus syndrome (Ball et al.  2011 ). Although 
epithelial ovarian tumors may be associated 
with BRCA1 or BRCA2 mutations, no such 
association has been described in ovarian stro-
mal tumors.  

7.1.4.2     Tumor Cytogenetics 
 Although the majority of these tumors show a bal-
anced karyotype, 25 % show an unbalanced 

karyotype—usually a gain of chromosome 12, 
which is of unclear clinical signifi cance (Schneider 
et al.  2003b ).   

7.1.5     Recommended Evaluations 

 Attention during the history and physical exami-
nation should be directed towards the presence of 
any gastrointestinal or systemic symptoms and 
the presence of thyroid nodules, as well as the 
presence of any endocrine manifestations such as 
signs of isosexual precocity, virilization (hirsut-
ism, acne, clitoromegaly, voice changes), or men-
strual irregularities. 

a

c

b

d

  Fig. 7.2    ( a ) Sertoli cell tumor of the ovary showing the 
pattern of solid cords of uniform basophilic cells. ( b ) 
Other patterns in the same tumor demonstrate small 
tubules adjacent to retiform or papillary profi les. ( c )
Sertoli-Leydig cell tumor, largely necrotic and hemor-
rhagic. Viable areas show the presence of small basophilic 
cells in cord-like structures with intermixed clusters of 

larger, pale staining cells representing Leydig cells. ( d ) 
Juvenile granulosa cell tumor with a cystic structure 
resembling a graffi an follicle surrounded by a densely cel-
lular stroma. Photomicrographs provided by ( d ). Ashley 
Hill, MD and Louis P. Dehner, MD. Reprinted with 
 permission from Elsevier (Schultz et al.  2011 ).       
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 Although several genetic syndromes are asso-
ciated with the development of ovarian sex cord- 
stromal tumors, most children diagnosed with 
these uncommon tumors have no known predis-
posing factors. All patients should be carefully 
interviewed and examined with attention to any 
personal or family history of lentigines, growths, 
cancerous or dysplastic conditions, and thyroid 
disease, especially hyperplastic thyroid disease. 
Attention to the family history and presence of thy-
roid nodules may also reveal evidence for underly-
ing  DICER1  mutations (Rio Frio et al.  2011 ). 

 Laboratory evaluations should include the 
measurement of AFP, beta-HCG, CEA, CA-125, 
LDH, inhibin A and B, and serum calcium.  

7.1.6     Staging 

 Surgical staging is necessary for adequate treat-
ment of ovarian sex cord-stromal tumors (see 
Table  7.1 ).

   In pediatrics and young adult patients, preser-
vation of fertility and ovarian function is favored 
when feasible. Salpingoophorectomy with staging 
procedures including palpation of the contralateral 
ovary is the initial surgery considered most rea-
sonable for most patients. When metastatic dis-
ease is encountered, general principles of 
cytoreductive surgery should be followed 
(Gershenson  1994 ). Nevertheless, hysterectomy is 
generally not recommended even in metastatic 

   Table 7.1    FIGO staging criteria for ovary   

 Carcinoma of the ovary; FIGO nomenclature (Rio de Janeiro 1988   ) 
 Stage I  Growth limited to the ovaries 

 Ia  Growth limited to one ovary; no ascites present containing malignant cells. No tumor on the 
external surface; capsule intact 

 Ib  Growth limited to both ovaries; no ascites present containing malignant cells. No tumor on 
the external surfaces; capsules intact 

 Ic a   Tumor either Stage 1a or 1b, but with tumor on surface of one or both ovaries, or with capsule 
ruptured, or with ascites present containing malignant cells, or with positive peritoneal 
washings 

 Stage II  Growth involving one or both ovaries with pelvic extension 
 IIa  Extension and/or metastases to the uterus and/or tubes 
 IIb  Extension to other pelvic tissues 
 IIc a   Tumor either Stage IIa or IIb, but with tumor on surface of one or both ovaries, or with 

capsule(s) ruptured, or with ascites present containing malignant cells, or with positive 
peritoneal washings 

 Stage III  Tumor involving one or both ovaries with histologically confi rmed peritoneal implants outside the 
pelvis and/or positive regional lymph nodes. Superfi cial liver metastases equals Stage III. Tumor is 
limited to the true pelvis, but with histologically proven malignant extension to small bowel or 
omentum 
 IIIa  Tumor grossly limited to the true pelvis, with negative nodes, but with histologically 

confi rmed microscopic seeding of abdominal peritoneal surfaces, or histologic proven 
extension to small bowel or mesentery 

 IIIb  Tumor of one or both ovaries with histologically confi rmed implants, peritoneal metastasis of 
abdominal peritoneal surfaces, none exceeding 2 cm in diameter; notes are negative 

 IIIc  Peritoneal metastasis beyond the pelvis >2 cm in diameter and/or positive regional lymph 
nodes 

 Stage IV  Growth involving one or both ovaries with distant metastases. If pleural effusion is present, there 
must be positive cytology to allot a case to Stage IV. Parenchymal liver metastasis equals Stage IV 

   IJGO    Vol. 95, Suppl. 1; FIGO Annual Report, Vol. 26 
 Reprinted with permission from Elsevier (FIGO Committee on Gynecologic Oncology (2009) 
  a In order to evaluate the impact on prognosis of the different criteria for allotting cases to Stage Ic or IIc, it would be of 
value to know if rupture of the capsule was spontaneous, or caused by the surgeon; and if the source of malignant cells 
detected was peritoneal washings, or ascites  
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tumors when fertility preservation is a signifi cant 
concern. 

 Given the rarity of lymph node involvement at 
diagnosis, routine staging lymphadenectomy 
may be reasonably omitted. However, lymph 
nodes which are enlarged by imaging or intraop-
erative examination should be removed (Brown 
et al.  2009 ). 

 Cytologic examination of peritoneal fl uid or 
peritoneal washings is a critical part of the staging 
evaluation and must be achieved in every patient 
with an ovarian tumor. Careful attention to issues 
of preoperative versus intraoperative rupture is 
necessary given the relevance of rupture to 
 prognosis and treatment (Schneider et al.  2003a ). 

 Venous sampling for the diagnosis of a small 
Sertoli-Leydig cell tumor has recently been 
attempted with success. White et al. described its 
use in a 14-year-old patient presenting with signs 
of virilization, increased testosterone, and incon-
clusive ultrasound fi ndings. Laparoscopic sam-
pling of the ovarian vein conclusively identifi ed 
the right ovary as the source of the increased 
 testosterone (White et al.  2003 ). 

 Case reports and anecdotal experience suggest 
Sertoli-Leydig cell tumors may be FDG avid, 
but the frequency of PET avidity is not clear 
(Ozulker et al.  2010 ).  

7.1.7      Prognostic Factors 

 Schneider et al. collected 72 cases of ovarian 
sex cord-stromal tumors over 20 years. Outcome 
correlated with FIGO stage and mitotic activity. 
For tumors with <20 versus ≥20 mitoses per 
high power fi eld, event-free survival was 1.0 
versus 0.48, respectively ( p  = 0.0001) (Schneider 
et al.  2003a , also see Fig.  7.3 ). However, if 
tumors were completely restricted to the ovary 
with no signs of microscopic spread, no recur-
rences were observed even in tumors with a high 
mitotic rate. 

 Within the category of Sertoli-Leydig cell 
tumors, poor differentiation and presence of het-
erologous elements are poor prognostic factors 
and generally indicate the need for adjuvant ther-
apy for tumors beyond stage Ia. 

 Current data of the German MAKEI group 
indicate that in the case of juvenile granulosa cell 
tumors, intraoperative violation or rupture of the 
tumor does not affect prognosis. In contrast, 
spontaneous preoperative rupture indicates an 
increased risk of relapse—comparable to tumors 
with metastatic spread. However, it should be 
noted that in Sertoli-Leydig cell tumors, the risk 
of relapse may rise after intraoperative violation 
of the tumor, particularly if the tumor is poorly 

  Fig. 7.3    Event-free survival 
of 54 patients with ovarian 
sex cord-stromal tumors 
correlated with mitotic 
activity of the tumor. 
Reprinted with permission 
from the American Society 
of Clinical Oncology 
(Schneider et al.  2003a )       
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differentiated or shows a retiform pattern 
(Dominik Schneider, 2011, unpublished data; 
personal communication).  

7.1.8     Treatment 

 Given the rarity of these diagnoses, prospective 
randomized trial results are not available to guide 
treatment decisions. Standard approaches are 
guided by small case series. 

 Despite limited prospective data, retro-
spective analysis suggests that early aggres-
sive therapy in tumors other than stage I is 
critical. Relapse is associated with a low sur-
vival rate. 

 For young girls with completely resected 
FIGO stage Ia juvenile granulosa cell tumors (no 
preoperative rupture), observation alone is a rea-
sonable strategy, as data suggest only minimal, if 
any, risk of relapse in this group (Merras-Salmio 
et al.  2002 ). 

 For patients with advanced stage ovarian 
juvenile granulosa cell tumor (>stage Ic), cure 
is  possible but requires an aggressive approach. 
Previous reports suggest a low survival rate, 
although Schneider et al. describe 6/7 patients 
alive (4/7 in continuous fi rst remission) after an 
aggressive regimen of 4–6 cycles of cisplatin- 
based therapy. One patient with peritoneal metas-
tases also received 40 Gy abdominal irradiation 
(Schneider et al.  2002 ). 

 Treatment is most controversial for patients 
with tumors categorized as FIGO stage Ic due to 
intraoperative versus preoperative tumor rupture. 
In general, patients with only minor tumor viola-
tion during surgery can be followed expectantly 
and without adjuvant chemotherapy. In contrast, 
adjuvant cisplatin-based chemotherapy is rec-
ommended if tumors have ruptured spontane-
ously prior to surgery, or if peritoneal washings 
were positive. For patients with these tumors, 
four cycles of chemotherapy are most commonly 
recommended. 

 If patients show metastatic spread within the 
pelvis (FIGO II) or peritoneal cavity (FIGO III), 
the number of chemotherapy cycles may be 
increased to up to six cycles. After 2 cycles, 

patients should be restaged, and any residual 
tumors should be resected after four cycles of 
chemotherapy. 

 For patients with metastatic disease and histo-
logic features indicating unfavorable prognosis 
(such as high mitotic rate or Sertoli-Leydig his-
tology with poor differentiation), therapy intensi-
fi cation should be discussed. This may include 
high-dose chemotherapy with autologous stem 
cell transplantation, abdominal radiotherapy, or 
thermochemotherapy, based on the individual’s 
prior treatment. However, it should be remem-
bered that such strategies have not been validated 
by prospective trials and represent an individual 
approach for the patient whose prognosis is 
 considered poor if given standard treatment. 

 Gershenson et al. reported the activity of 
 cisplatin, etoposide, and bleomycin in a group of 
9 adult patients with metastatic ovarian sex 
 cord-stromal tumors or stage I poorly differenti-
ated Sertoli-Leydig cell tumors. Although the 
response rate was 83 %, only one of the patients 
with metastatic disease had a durable remission, 
leading the authors to conclude that additional 
agents were needed to provide a durable response 
(Gershenson et al.  1996 ). Favorable activity of 
platinum and taxane-based chemotherapy on sex 
cord-stromal tumors has also reported (Brown 
et al.  2005 ). 

 The role of radiation therapy in the treatment 
of sex cord-stromal tumors is not clear. Ramirez 
et al. studied the use of letrozole in estrogen- 
positive, high-grade ovarian and peritoneal 
malignancies which were resistant to platinum 
and taxane-based therapy. Twenty-six percent of 
patients showed stable disease or had a partial 
response (Ramirez et al.  2008 ). Since some ovar-
ian sex cord-stromal tumors express estrogen 
receptors, letrozole may provide a palliative 
option for some late-stage patients.  

7.1.9     Follow-Up 

 Depending on the stage, histology, and patient 
age, ultrasound, computed tomography, and 
magnetic resonance imaging (MRI) have all been 
used to follow patients with ovarian stromal 

7 Ovarian and Testicular Sex Cord-Stromal Tumors



108

tumors during and after therapy. Use of MRI has 
a clear advantage because it does not expose 
patients to radiation, but is limited by the poten-
tial need for sedation in young girls. Follow-up 
duration should be determined by considering the 
usual time to recurrence. Most patients who 
relapse with Sertoli-Leydig cell tumors will do so 
within 2–3 years of diagnosis, although later 
relapses have been described. Juvenile granulosa 
cell tumors are less likely to recur but will gener-
ally do so within a similar time period. In con-
trast, adult granulosa cell tumors are associated 
with late relapse, 10 or more years after 
diagnosis. 

 In Sertoli-Leydig cell tumors, there is a risk of 
metachronous contralateral tumors that may arise 
as late as 5 years after diagnosis. Therefore, these 
patients should undergo extended follow-up that 
should include screening for thyroid disease, 
since a small proportion of patients may develop 
goiter or thyroid carcinoma (Dominik Schneider, 
2011, personal communication). The relationship 
of these to germline mutations in  DICER1  is a 
topic of ongoing research. 

 Tumor markers often play an important role in 
the follow-up of these patients. If elevated at 
diagnosis, tumor markers should be followed 
closely during the primary risk period for recur-
rence, with increasing intervals thereafter. The 
necessary duration of follow-up is not entirely 
clear, but is anticipated to be less than 10 years 
for those with Sertoli-Leydig or juvenile granu-
losa cell tumors and greater than 10 years for 
those with adult granulosa cell tumors.   

7.2     Stromal Testis Tumors 

7.2.1     Background 

 The vast majority of testicular tumors are of germ 
cell origin, although testicular sex cord-stromal 
tumors occur in prepubertal and postpubertal 
males. Testicular sex cord-stromal tumors origi-
nate from either Sertoli or Leydig cells but may 
also present as juvenile granulosa cell tumors, a 
pattern resembling ovarian histology.  

7.2.2     Normal Structures 
of the Testis 

 Sertoli cells are stimulated by follicle-stimulat-
ing hormone and produce inhibin. Aromatase 
from Sertoli cells helps to convert testoster-
one to 17- beta-estradiol to direct spermatogen-
esis. Dicer, the enzyme encoded by  DICER1 , 
is required for normal Sertoli cell function and 
survival in a murine model (Kim et al.  2010a ). 
Leydig cells are located between the seminif-
erous tubules and produce testosterone when 
stimulated by luteinizing hormone. Leydig cell 
neoplasms are the most common stromal testis 
tumor found beyond infancy.  

7.2.3     Clinical Presentation 

 Prepubertal testis tumors are rare, accounting for 
only 1 % of pediatric solid tumors. Postpubertal 
testicular tumors, usually of germ cell subtype, 
are considerably more common and are consid-
ered elsewhere in this text. 

 The primary data on boys younger than 12 
with testicular tumors comes from the Prepu-
bertal Testis Tumor Registry, previously open 
through the American Academy of Pediatrics 
Urology Section. Data obtained from this 
Registry suggests that most testis tumors in 
young children behave in a benign fashion, with 
the exception of yolk sac tumors and undifferen-
tiated stromal cell tumors (Ross  2002 ). Sertoli 
cell tumors in older boys may behave in a more 
malignant fashion. 

 Nearly all testis tumors in childhood present 
with a painless testicular mass that is usually eas-
ily palpable and seen on ultrasound as a heteroge-
neous solid mass. Boys may present with signs of 
hormone production such as gynecomastia or 
precocious puberty. In contrast to other testicular 
tumors, Leydig cell tumors may present with 
signs of hormone production without palpable 
mass. In these cases, ultrasound shows a hetero-
geneous testicular mass. 

 Unlike young girls with juvenile granulosa 
cell tumor, infants with juvenile granulosa cell 
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tumor of the testis usually present within the fi rst 
6 months of life with a painless testicular mass 
and no associated hormonal symptoms. Normal 
AFP for age may preoperatively distinguish juve-
nile granulosa cell tumors from yolk sac tumors, 
although the wide range of normal AFP values in 
infancy may limit the utility of results. Infantile 
juvenile granulosa cell tumors of the testis have 
been shown to behave in a benign fashion with 
no evidence for recurrence or metastases (Harms 
and Kock  1997 ). 

 Leydig cell tumors generally occur in children 
5–10 years of age or in older men, and may pro-
duce testosterone or estrogen. Increase in estro-
gen may be mediated by direct production of 
estrogen by the tumor cells or by aromatization 
of testosterone. Leydig cell tumors may elaborate 
17-ketosteroids and thus may present with preco-
cious puberty and/or gynecomastia.  

7.2.4     Genetics 

 Testicular juvenile granulosa cell tumors may 
be seen in normal boys or in those with 
 abnormalities of the Y chromosome or ambigu-
ous  genitalia, thus chromosomal assessment 
may be informative. As with females, testicular 
Sertoli cell lesions may be noted in males with 
PJS. Testicular sex cord-stromal tumors with 
annular tubules are more likely to show proges-
terone production and to be bilateral in the set-
ting of PJS. Carney syndrome may be associated 
with bilateral large cell calcifying Sertoli cell 
tumors or with Leydig cell tumors (Brown et al. 
 2007 ). Testicular tumors in patients with 
genetic syndromes may be indolent (Kratzer 
et al.  1997 ). 

 A distinctive testicular tumor observed in boys 
with PJS is multifocal intratubular neoplasia of 
large Sertoli cells. These tumors may be asso-
ciated with estradiol production and advanced 
bone age and generally follow an indolent course. 
Observation may be considered, although orchi-
ectomy may ultimately be required if invasive 
features develop or to limit hormone production 
(Ulbright et al.  2007 ).  

7.2.5     Clinical Evaluation 

 Clinical evaluation of patients suspected to have 
a stromal testicular tumor should include a thor-
ough history and physical examination with care-
ful attention to family history and signs of any 
tumor predisposition syndrome. On clinical 
examination, careful attention to pubertal status 
is critical; these observations may guide manage-
ment decisions. For patients in the peripubertal 
period, histologic assessment of a small rim of 
normal testis tissue may guide surgical manage-
ment and determine the need for staging proce-
dures (see Table  7.2 ).

7.2.6        Pathology 

 Inhibin A and B have both been shown to be 
elevated in some children with testicular sex 
cord- stromal tumor. However, the diagnostic 
utility of such laboratory values is limited by 
the broad normal range in prepubertal children. 

   Table 7.2    Children’s Oncology Group staging criteria 
for prepubertal testis germ cell tumors   

 Stage  Extent of disease 

 I  Limited to testis (testes), completely 
resected by high inguinal orchiectomy; no 
clinical, radiographic or histologic evidence 
of disease beyond the testes. Patients with 
normal or unknown tumor markers at 
diagnosis must have a negative ipsilateral 
retroperitoneal node sampling to confi rm 
stage I disease if radiographic studies 
demonstrate lymph nodes >2 cm. Patients 
who have undergone scrotal orchiectomy 
with high litigation of cord are stage I 

 II  Transscrotal biopsy; microscopic disease in 
scrotum or high in spermatic cord (<5 cm 
from proximal end). Failure of tumor markers 
to normalize or decrease with an appropriate 
half-life 

 III  Retroperitoneal lymph node involvement, but 
no visceral or extra-abdominal involvement 
 Lymph nodes >4 cm by CT or >2 cm and 
<4 cm with biopsy proof 

 IV  Distant metastases, including liver 

   From Children’s Oncology Group germ cell tumor proto-
col. Used with permission  
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Additionally, some cases of Leydig cell tumors 
express estrogen or progesterone receptors.  

7.2.7     Principles of Surgical Therapy 

 Testis-sparing surgery is considered reasonable 
for those with juvenile granulosa cell tumors if 
suffi cient normal testicular tissue is present 
(Shukla et al.  2004 ). However, the postoperative 
course may be complicated by scrotal hypotro-
phy, and its therapeutic advantage may be limited 
compared to unilateral orchiectomy. 

 Management of other testis stromal tumors 
must account for the pubertal status of the patient 
as well as the histopathologic diagnosis. Sertoli 
cell tumors, for example, generally behave in a 
benign fashion in children younger than 5 years 
of age, thus orchiectomy is considered adequate 
treatment. The large cell calcifying tumor seen in 
Carney syndrome is also unlikely to metastasize, 
and treatment with orchiectomy is usually suffi -
cient (Ross and Kay  2004 ). 

 In older children stromal tumors may behave 
in a more malignant fashion. Children older than 
5 years diagnosed with Sertoli cell tumors may 
benefi t from a metastatic evaluation including 
computed tomography of the chest, abdomen, 
and pelvis. If found, metastases require aggres-
sive chemotherapy treatment. Histopathology 
may guide clinical management; large numbers 
of mitotic fi gures, local invasion, or poor differ-
entiation may herald a poorer prognosis. A full 
metastatic evaluation and careful follow-up 
should be undertaken. The role of adjuvant ther-
apy in patients with concerning histologic fea-
tures is unclear (Kaplan et al.  1986 ), as there is 
scant literature to guide therapeutic decisions. 

 Leydig cell tumors carry a favorable prognosis 
in prepubertal boys; orchiectomy or testis- sparing 
surgery is suffi cient treatment for such tumors. In 
postpubertal males, however, approximately 
10 % of Leydig tumors behave in a malignant 
fashion, with potential metastatic sites of liver, 
lung, and bone. These tumors have been described 
as poorly responsive to chemotherapy and radia-
tion, with a reported survival time of 2 months to 

17 years (median = 2 years) (Bertram et al.  1991 ; 
Al-Agha and Axiotis  2007 ). 

 Unspecifi ed stromal tumors may behave in a 
malignant fashion; pre- and postpubertal boys 
with such tumors should undergo a full meta-
static evaluation (Thomas et al.  2001 ). 

 The Prepubertal Testis Tumor Registry has 
reported 43 patients with stromal testis tumors. 
Of these, 10 had an unspecifi ed stromal tumor 
and one developed a metastasis. The single 
patient with metastatic mixed/undifferenti-
ated stromal tumor died. None of the remain-
ing 32 patients with Sertoli-Leydig or juvenile 
granulosa cell tumors had metastases at diag-
nosis. The German MAKEI database includes 
42 patients; all  presented with localized disease 
and remain in complete remission after surgical 
resection (Dominik T. Schneider, 2011, personal 
communication).  

7.2.8     Adult Sex Cord-Stromal 
Tumors of the Testis 

 Sex cord-stromal tumors account for <5 % of 
adult testicular tumors. Some series have noted 
a generally benign clinical course (Featherstone 
et al.  2009 ), but one report describes 8/17 patients 
with > stage I disease (stages IIA–IIIA). Of these, 
six eventually died of metastatic disease despite 
adjuvant therapy (Mosharafa et al.  2003 ). Thus, 
although testicular sex cord-stromal tumors are 
rare in adults, aggressive behaviors may occur, 
and retroperitoneal lymph node dissection should 
be considered (Acar et al.  2009 ).  

7.2.9     Adjuvant Therapy 

 Generally speaking, testicular stromal tumors 
in stage Ia or Ib should be followed expec-
tantly. Testicular stromal tumors with confi rmed 
 evidence of metastatic disease require adjuvant 
therapy, although little evidence is available to 
guide recommendations for chemotherapeutic 
regimens. Based on the authors’ experience pri-
marily with ovarian sex cord-stromal tumors, a 
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platinum- based regimen such as cisplatin, etopo-
side, and bleomycin or cisplatin, etoposide, and 
ifosfamide is reasonable. 

 Overall, most data on the clinical behavior and 
management of stromal tumors of the testis are 
based on small case series or, in the case of the 
Prepubertal Testis Tumor Registry, on data 
obtained at a single time point with limited fol-
low- up (Ross et al.  2002 ). Further evidence 
regarding clinical behavior, optimal treatment, 
and follow-up regimens is needed.  

7.2.10     Follow-Up 

 In tumors with a predisposition for clinically 
malignant behavior, serial imaging and monitor-
ing of tumor markers is suggested. Long-term 
follow-up of boys with juvenile granulosa cell 
tumor diagnosed in infancy is generally not 
required, but if AFP is elevated at diagnosis, con-
fi rmation of an age- appropriate decline in AFP is 
suggested.   

7.3     Summary and Future 
Research 

 Sex cord-stromal tumors of the ovary and testis are 
extremely rare and have varying patterns of clinical 
behavior. Although low-stage, well- differentiated 
tumors are often associated with a good prognosis, 
outcomes are still poor for children with higher 
stage or less differentiated tumors. Additionally, 
underlying genetic syndromes may be present in 
some patients, although their prevalence has not 
been determined. 

 The US-based International Ovarian and 
Testicular Stromal Tumor Registry (OTST 
Registry) has been established to advance knowl-
edge about the behavior of these tumors, deter-
mine pathophysiology and treatment effi cacy, 
and establish comprehensive follow-up guide-
lines. All patients with ovarian or testicular sex 
cord-stromal tumors are eligible for enrollment. 
Central pathology review of available samples is 
provided as part of Registry participation. For 

further information, please contact the Registry 
(  www.OTSTregistry.org    ). 

 In Europe, patients with ovarian and tes-
ticular sex cord-stromal tumors are registered 
within national germ cell tumor trials or within 
national rare tumor working groups. The larg-
est worldwide cohort has been collected within 
the German MAKEI trials and includes more 
than 200 patients. This registry is also open to 
international patients. Moreover, there is a grow-
ing international network of the European rare 
tumor groups who have founded the European 
Cooperative Study Group on Pediatric Rare 
Tumors (EXPeRT). The EXPeRT group supports 
international joint analyses on specifi c rare tumor 
entities including rare gonadal tumors. Further 
details are extensively discussed in Rare Tumors 
in Children and Adolescents (Bisogno  2012 ). 

 With data collection efforts expanding for 
these rare tumors of childhood, much-needed 
information about genetic predisposition, tumor 
histopathology, clinical behavior, treatment 
 effi cacy, outcomes, and late effects will become 
available to better serve these children.      
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        Treatment options for men with testicular can-
cer vary by type of tumor (seminomatous vs. 
nonseminomatous) and stage at presentation. 
Options range from surveillance, with therapy 
reserved only for those who relapse, to retro-
peritoneal lymph-node dissection, external-
beam irradiation, cisplatin-based chemotherapy, 
resection of metastatic lesions, and bone mar-
row transplantation; see Table  8.1 . Late effects 
appear to be most related to the type of therapy 
received, with the fewest long-term complica-
tions seen after simple orchiectomy and the 
most after high-dose or salvage chemotherapy 
or in patients who received both radiotherapy 
and chemotherapy. Age at diagnosis, comorbid-
ity, and exposure to other toxins, such as 
tobacco, are also relevant. The study of late 
effects is important because testicular- cancer 
survivors who are long since cured of their 
malignancies have a higher than expected all-
cause mortality rate over time due to late 
effects. Increased risks of contralateral testicu-
lar cancer, second non-germ cell tumors, and 
cardiovascular disease including hypertension, 
metabolic syndrome, diabetes, and renal dys-
function have all been reported, as have infertil-
ity, neurological effects such as neuropathy, 
Raynaud’s and ototoxicity, and late psychoso-
cial effects. This chapter is a summary of what 
is known about late effects in testicular-cancer 
survivors as well as areas of ongoing or future 
research.
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8.1      Second Malignant 
Neoplasms 

 Second malignant neoplasms are the greatest threat 
to longevity for testicular-cancer survivors. An 

increased risk of solid tumors, leukemias, and con-
tralateral testicular cancer has been reported; see 
Table  8.2 . Reports show associations with radio-
therapy, chemotherapy, and combined modality 
therapy.

   Table 8.1    Treatment options for men with testicular cancer   

 Early stage  Good risk  Intermediate risk 
 High risk or 2nd-line 
therapy  Palliative 

  Seminoma  
 Surveillance after 
orchiectomy: 

 Radiotherapy:  Chemotherapy:  Chemotherapy: 

   6–20 CT scans 
over 5–10 years 

    Historical : extended 
fi eld to 35–40 Gy 

  BEP × 4   VeIP 

 Radiotherapy:    Mediastinal 
irradiation 

  VIP × 4   TIP 

    Historical : 30 Gy 
to extended fi eld 
or “dog-leg” fi eld 

   Left supraclavicular 
irradiation 

 High-dose therapy: 

    Modern : 20 Gy to 
small fi eld 
“PA-strip” 

    Modern : smaller 
fi eld to 
retroperitoneum and 
common iliac nodes 
to 26–35 Gy 

   High-dose Carbo-E 
with stem-cell 
support or 

 Carboplatin:   Chemotherapy:    PI–CE with 
stem-cell support 

  1 dose AUC7   BEP × 3  Surgical removal of 
residual masses as 
indicated 

  EP × 4 

  Nonseminoma  
 Surveillance after 
orchiectomy: 

 Surgery:  Chemotherapy:  Chemotherapy:  Chemotherapy: 

 Surgery:    Nerve-sparing 
RPLND 

  BEP × 4   VeIP   GEMOX 

   Nerve-sparing 
RPLND*    

 Chemotherapy:   VIP × 4   TIP   GEM-TAXOL 

 Chemotherapy:   BEP × 3  Surgical removal of 
residual masses as 
indicated 

 High-dose therapy: 
  BEP × 1   EP × 4    High-dose Carbo-E 

with stem-cell 
support or 

  BEP × 2    PI–CE with 
stem-cell support 

 Surgical removal of 
residual masses as 
indicated 

 Risk categories for metastatic disease defi ned by the International Germ Cell Cancer Collaborative Group 
 Standard chemotherapy regimens:  High-dose regimens: 
   BEP : bleomycin, etoposide, cisplatin   carboplatin, etoposide with stem-cell support 
   EP : etoposide, cisplatin     PI–CE : paclitaxel, ifosfamide followed by carboplatin, etoposide 

with stem-cell support 
   VIP : etoposide, ifosfamide, cisplatin  Palliative: 
   VeIP : vinblastine, ifosfamide, cisplatin    GEMOX : gemcitabine, oxaliplatin 
   TIP : paclitaxel, ifosfamide, cisplatin    GEM-TAXOL : gemcitabine, paclitaxel 

  *Retroperitoneal lymph node dissection  
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8.1.1       Solid Tumors 

 The largest study to date reviewed the risk of inva-
sive solid cancers for 40,576 men with a history of 
testicular cancer (Travis et al.  2005 ). The testicu-
lar cancers were all diagnosed between 1943 and 
2001 and therefore encompassed multiple histori-
cal treatment regimens, including the shift to 
lower radiation doses and the use of cisplatin- 
based chemotherapy regimens, either with or 
without radiotherapy. The study investigated the 
risk of a second solid tumor over the man’s life-
time; leukemia and contralateral testicular cancer 
were not included in the analysis nor were tertiary 
or higher-order tumors, meaning that the total 
number of subsequent cancers may be underesti-
mated by the data. A total of 20,984, 7,885, and 
2,065 patients had follow-up periods of at least 
10, 20, and 30 years, respectively. For patients 
who survived at least 10 years after diagnosis, the 
relative risk of developing a solid tumor compared 
to the general population was calculated for each 
treatment group. Patients who received radiother-
apy only had a relative risk (RR) of 2.0 (95 % con-
fi dence interval [CI], 1.9–2.2). For those who 
received chemotherapy alone, the RR was 1.8 
(95 % CI, 1.3–2.5). Patients who received both 
radiotherapy and chemotherapy had a RR of 2.9 
(95 % CI, 1.9–4.2). The authors note that although 
the RR for patients who received combined 
modalities was higher than that for patients treated 
with either modality alone, the differences 
between the three groups were not statistically 
signifi cant. Of the solid tumors reported to have 
an increased incidence, lung (RR = 1.5; 95 % CI, 
1.2–1.7), colon (RR = 2.0; 95 % CI, 1.7–2.5), 
bladder (RR = 2.7; 95 % CI, 2.2–3.1), pancreas 
(RR = 3.6; 95 % CI, 2.8–4.6), and stomach 
(RR = 4.0; 95 % CI, 3.2–4.8) make up almost 
60 % of the total excess. A patient’s cumulative 
risk of developing a solid tumor with 40 years of 
follow-up would be 36 % for men with semino-
mas and 31 % for those with nonseminomatous 
germ cell tumors compared to 23 % for the gen-
eral population. The risk of developing a solid 
tumor increased over time and persisted for at 
least 30 years after  treatment. Using the trends 
identifi ed by this study, the authors postulated that 

a 20-year-old patient diagnosed with seminoma 
would have a cumulative risk of developing a 
solid cancer by age 75 of 47 %; the equivalent risk 
for patients diagnosed at ages 35 and 50 would be 
36 % and 28 %, respectively. Standard radiother-
apy fi elds with organs at risk are shown in Fig.  8.1 .

   Other supporting data are provided by 
Wanderas    et al. ( 1997 ) who observed a relative 
risk of 1.65 (95 % CI, 1.4–1.9) for any secondary 
non-germ cell malignancy in a cohort of 2006 
Norwegian patients treated between 1952 and 
1990. A total of 153 tumors were observed, of 
which 147 were solid tumors; the largest 
 proportions were gastrointestinal ( n  = 39, 
RR = 1.81; 95 % CI, 1.3–2.5) and urogenital 
( n  = 29, RR = 1.36; 95 % CI, 0.9–1.8). As in the 
study above, patients who received both radio-
therapy and chemotherapy had the highest RR at 
3.54 (95 % CI, 2.0–5.8) with radiotherapy alone 
having the next highest risk (RR = 1.58; 95 % CI, 
1.3–1.9). No increase in risk was seen in the 
group that received only chemotherapy. 

 Although an increased risk of solid tumors for 
patients who received chemotherapy alone was 
not seen in older smaller studies (Pedersen- 
Bjergaard et al.  1991 ; Bokemeyer and Schmoll 
 1993 ; Kollmannsberger et al.  1999 ), the larger 
2005 study (Travis et al.  2005 ) did show an overall 
increase. This was also noted in a subsequent 2007 
study that reviewed the treatment-specifi c risks of 
second malignancies and cardiovascular disease 
in 5-year survivors of testicular cancer (van den 
Belt-Dusebout et al.  2007 ). This tumor registry 
study looked at a cohort of 2,707 patients with tes-
ticular cancer from the Netherlands who were at 
least 5 years beyond completion of therapy. 
Patients were treated between 1965 and 1995 with 
surgery followed either by surveillance or by treat-
ment with adjuvant radiotherapy, chemotherapy, 
or both. After a median follow-up period of 17.6 
years, there was no absolute increase in the stan-
dardized incidence rate (SIR) for second malig-
nancies in general; however, a multivariate Cox 
regression analysis of risk factors for  development 
of second malignancies showed an increased haz-
ard ratio (HR) of 2.1 (95 % CI, 1.4–3.1) for 
patients treated with either cisplatin, vinblastine, 
and bleomycin or bleomycin, etoposide, and 
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 cisplatin without radiation. It is unclear why newer 
studies show an association with chemotherapy; 
however, two issues may be at play. First, the large 
number of patients in the 2005 study may allow 
more subtle effects to become apparent. Second, 
the risk of a second solid tumor appears to increase 
throughout a patient’s life. The newer studies 
showing an increased long-term risk associated 
with chemotherapy may refl ect longer follow-up 
for patients in the era of increased use of cisplatin, 
which was introduced into the clinic in 1978 and 
widely used by the 1980s. Cisplatin substantially 
increases the survival time of patients with meta-
static testicular cancer, allowing more patients to 
survive long enough to develop late effects.  

8.1.2     Hematologic Malignancies 

 An increased incidence of leukemia after treat-
ment for testicular cancer has also been shown, 

however, not to the same extent as solid tumors. 
To look more closely at the specifi c risk of leuke-
mia, Travis et al. performed a case–control study 
of the prevalence of leukemia and its association 
with the use of radiotherapy and chemotherapy 
for testicular cancer, using a cohort of 18,567 
men treated between 1970 and1993 (Travis et al. 
 1996 ). The cases were 36 men with testicular 
cancer and secondary leukemia; they were 
matched with 106 controls of the same age, year 
of testicular-cancer diagnosis, and no secondary 
malignancy up to the time that the case developed 
leukemia. Unlike with solid tumors, the median 
time from diagnosis of testicular cancer to diag-
nosis of leukemia was 5 years, with a mean of 6.8 
years; 25 % of the leukemias were diagnosed 
after 10 years. The study observed no overall 
increase in leukemia rate for the entire cohort of 
patients who received only radiation (RR = 3.1; 
95 % CI, 0.7–22); however, radiation doses 
≥20 Gy were associated with a signifi cant 

Extended-field (historic) PA-strip field (modern)

Figure Legend:

Heart: pink  

Liver: dark blue 

Stomach: dark green

Pancreas: purple 

Right kidney: orange

Left kidney: light red

Rectum: green 

Bladder: maroon 

Descending aorta: blue

Inferior vena cava: red 

*Small and Large Intestine
not shown 

  Fig. 8.1    Radiotherapy fi elds and organs at risk (small and large intestine not shown)       
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increase (RR = 19.7; 95 % CI, 1.5–590). Patients 
treated with only pelvic and abdominal fi eld radi-
ation had a RR of 2.9 (95 % CI, 0.6–21) whereas 
those with chest irradiation as well had a RR of 
11.2 (1.5–123). Similar to the radiotherapy effect, 
patients who received any cisplatin-based regi-
mens, with or without etoposide or chlorambucil, 
did not have a signifi cant increase in their risk of 
leukemia (RR = 5.0; 95 % CI, 1.0–40); however, 
when cumulative cisplatin dose was viewed as a 
continuous variable, a dose of 650 mg conferred 
a RR of 3.2 (95 % CI, 1.5–8.4) and RR increased 
with increasing amounts of cisplatin (e.g., for 
1,000 mg, the RR was 5.9 [95 % CI, 2.0–26]). 
When taking into account the use of cisplatin and 
radiation, no effect on risk could be detected for 
etoposide or bleomycin.  

8.1.3     Contralateral Testicular 
Cancer 

 Another concern for men with testicular cancer 
is the possibility of contralateral testicular can-
cer (CLTC) although the overall risks are low. 
A population- based study of 29,515 men from 
the United States diagnosed between 1973 and 
2001 showed a 15-year cumulative risk of 1.9 % 
(95 % CI, 1.7–13.9) for development of a CLTC 
at least 2 months after diagnosis of the fi rst tes-
ticular cancer (Fossa et al.  2005 ). This was a bit 
lower than the risk observed in other studies, 
including ones from the Netherlands (15-year 
cumulative risk 2.4 %; 95 % CI, 1.4–3.9) (van 
Leeuwen et al.  1993 ), Denmark (20-year cumu-
lative risk 5.2 %; 95 % CI, 3.7–6.7) (Osterlind 
et al.  1991 ), and Norway (15-year cumulative 
risk 3.9 %; 95 % CI, 2.8–5) (Wanderas et al. 
 1997 ). In the US study, univariate analysis 
showed nonseminoma histology, treatment with 
chemotherapy, and distant metastatic disease at 
diagnosis all decreased the risk of CLTC. 
However, on multivariate analysis, only 
 nonseminoma  histology retained its signifi cance, 
with a HR of 0.6 (95 % CI, 0.46–0.79). Patients 
with nonseminomatous tumors were much more 
likely to receive chemotherapy; only one of the 
173 men who initially had seminoma was treated 
with chemotherapy. In looking at age and histol-

ogy, men 30 years old or younger at initial diag-
nosis who had a seminomatous testicular cancer 
had the highest risk (15-year cumulative 
risk = 3.1 %; 95 % CI, 2.4–4.0), whereas the risk 
for men diagnosed over the age of 30 with a non-
seminomatous testicular cancer was 1.2 % (95 % 
CI, 0.8–1.8). The observed-over- expected ratio 
of any contralateral testicular tumor was 12.4 
(95 % CI, 11.2–13.9). The median latency was 
63 months with a range of 3–223 months.   

8.2    Cardiovascular Disease 

 The second most important long-term effect of 
therapy for germ cell tumors is cardiovascular 
disease. Published information is available per-
taining to long-term survivors of testicular can-
cer, ovarian germ cell tumors, and pediatric germ 
cell tumors although, as with second malignan-
cies, most of the available data come from the 
testicular-cancer cohorts. One important note that 
becomes apparent upon reviewing the literature 
is that the defi nition of cardiovascular disease 
 differs among studies based on the study 
parameters. 

 An increase in cardiovascular risk factors and 
disease in long-term survivors of testicular can-
cer has been well documented; see Table  8.3  
(Huddart et al.  2003 ; Zagars et al.  2004 ; van den 
Belt-Dusebout et al.  2006 ,  2007 ; Wethal et al. 
 2007 ; Haugnes et al.  2010 ). A robust study from 
the Netherlands reviewed the long-term risk of 
cardiovascular disease in 5-year testicular-cancer 
survivors (van den Belt-Dusebout et al.  2006 ). In 
a cohort of 2,512 men treated between 1965 and 
1995, that study found 694 events in 434 patients. 
Acute myocardial infarction (MI) ( n  = 141) and 
angina pectoris ( n  = 150) were the most common. 
The overall standardized incidence ratio for 
MI and angina pectoris combined was 1.17 (95 % 
CI, 1.04–1.31). Interestingly, the nonseminoma 
patients with an attained age of either <45 years 
or 45–54 years had a higher risk of MI than the 
patients 55 or older. Using Cox regression analy-
sis, an increased risk of cardiovascular disease 
was seen with the use of mediastinal radiation 
(RR = 3.0); the combination of cisplatin, vinblas-
tine, and bleomycin (PVB) (RR = 1.9); and a 
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recent history of smoking (RR = 1.8). Mediastinal 
radiation was associated with a RR of 3.7 for an 
MI and 3.1 for heart failure, and PVB was associ-
ated with an increased risk of MI (RR = 1.9) and 
peripheral vascular disease (RR = 2.2). The same 
group took a slightly larger cohort and looked at 
the treatment-specifi c risks of cardiovascular dis-
ease (van den Belt-Dusebout et al.  2007 ). 
Subdiaphragmatic radiation alone was not asso-
ciated with an increased risk of cardiovascular 
disease; however, men treated with subdiaphrag-
matic and mediastinal radiation had a HR of 3.0. 
Patients who received only chemotherapy had an 
increased HR of 1.7; however, the authors did not 
differentiate between cisplatin, vinblastine, and 
bleomycin and cisplatin, etoposide, and bleomy-
cin. This increase was similar to that seen in 
patients who smoked (HR = 1.8).

   Another study reviewed data on 992 patients 
treated between 1982 and 1992 for testicular can-
cer with a median follow-up time of 10.2 years 
(Huddart et al.  2005 ). Cardiac events, defi ned as 
MI, angina or chest pain, and sudden or cardiac 
deaths, as well as risk factors for cardiac disease 
including smoking, cholesterol levels, hyperten-
sion, body mass index, and biochemical markers 
for renal injury or hormonal imbalance were 
noted. The patients who received neither radia-
tion nor chemotherapy were used as the referent 
group. Radiation was primarily given to a dose of 
30 Gy using the extended fi eld “dog-leg” confi g-
uration; however, 8 % of patients also received 
mediastinal radiation. Two thirds of the patients 
treated with chemotherapy received bleomycin, 
etoposide, and cisplatin (BEP), and the other 
third received carboplatinum, etoposide, and 
bleomycin (JEB). Patients who received both 
chemotherapy and radiation were analyzed as a 
separate group. Overall, 68 patients (6.8 %) had 
cardiac events, including 9 with an MI and 18 
who had cardiac or sudden death. In the 
 multivariate age-adjusted logistic regression 
analysis, radiation therapy was associated with 
an increased RR for cardiac events; RR was 2.40 
(95 % CI, 1.04–5.45) for patients treated with 
radiation only and was 2.78 (95 % CI, 1.09–7.07) 
for patients who received radiation in combina-
tion with chemotherapy. The risk remained when 

patients who received mediastinal radiation were 
excluded (unlike the results of the Dutch study 
discussed above). It should be noted, however, 
that the fi eld arrangements used for patients who 
did not undergo mediastinal radiotherapy 
extended to the top of vertebral body T-11; this 
could have allowed for direct ventricular irradia-
tion and may have contributed to the relatively 
high RR (Beard C, 2011, personal communica-
tion). The chemotherapy-only group did not have 
a signifi cantly increased RR on univariate analy-
sis; however, in an age-adjusted logistic regres-
sion model, their RR was signifi cant at 2.59 
(95 % CI, 1.15–5.84). Although multiple vari-
ables were identifi ed as being associated with the 
development of cardiovascular disease, including 
higher age at diagnosis, free thyroxine level, 
sodium protein, albumin, and magnesium levels, 
as well as radiotherapy, only increasing age 
( p  = 0.002), magnesium ( p  = 0.021), free thyrox-
ine ( p  = 0.033), and total protein levels ( p  = 0.030) 
remained signifi cant in the multivariate analysis. 

 The reason for the increased incidence of car-
diovascular disease after treatment of testicular 
cancer is not clear. One suggestion is that chemo-
therapy causes vascular changes, which eventu-
ally translate into cardiovascular events. In one 
small study of 90 chemotherapy-treated 
testicular- cancer survivors, Nuver et al. showed 
that, compared to testicular-cancer patients who 
underwent surgery only, those who received che-
motherapy (primarily BEP) had higher levels of 
markers of infl ammation and endothelial activa-
tion, including fi brinogen, C-reactive protein, 
von Willebrand factor, plasminogen activator 
inhibitor, and tissue-type plasminogen activator 
(Nuver et al.  2004 ). Also, microalbuminuria, 
another reported predictor of cardiovascular 
events (Hillege et al.  2002 ), was seen in 10/90 of 
the chemotherapy patients (12 %) as compared to 
1/44 of the surgery-only patients (2 %). 

 Although direct cardiac irradiation secondary 
to prophylactic mediastinal irradiation or by 
placing the superior edge of the retroperitoneal 
radiotherapy fi eld within the thorax lead to 
 cardiac toxicity, the etiology of cardiac toxicity 
following upper abdominal irradiation is less 
well understood and suggests an alternative 
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mechanism. The renal vasculature and abdominal 
aorta receive full dose in standard seminoma 
treatment plans, suggesting perhaps a role for 
vascular endothelial damage. In a study of 147 
head and neck and breast cancer patients under-
going reconstructive surgery following radiother-
apy, intimal medial thickening was seen in 
arteries that had been irradiated (Russell et al. 
 2009 ). The authors postulated that radiation may 
cause infl ammatory damage to the endothelial 
cells lining large vessels, leading to adhesion and 
transmigration of circulatory monocytes, which 
in the presence of cholesterol can become acti-
vated macrophages forming fatty streaks in the 
intima and thus initiate the process of atheroscle-
rosis. While this explanation provides a plausible 
mechanism for the way in which excess cardio-
vascular disease might develop in the seminoma 
patient population who did not receive direct car-
diac irradiation, irradiated testicular-cancer sur-
vivors received doses that were considerably 
lower than those used for other malignancies and 
have not been directly studied for vascular 
changes.  

8.3    Decreased Fertility 
and Hypogonadism 

 In a study of 680 testicular-cancer survivors 
treated between 1982 and 1992, follicular stimu-
lating hormone levels were increased following 
orchiectomy alone (41 %), radiotherapy (45 %), 
chemotherapy (49 %), and combined chemother-
apy and radiation (71 %) (Nathanson et al.  2005 ), 
implying diminished spermatogenesis and risk of 
infertility. Fertility is approximately 30 % lower 
in testicular-cancer patients relative to the gen-
eral population (Cvancarova et al.  2009 ) and is 
mainly dependent upon pretreatment gonadal 
function, age at diagnosis, and type of treatment, 
particularly chemotherapy (Fossa and Magelssen 
 2004 ,  2006 ; Kiserud et al.  2008 ; Cvancarova 
et al.  2009 ). In one study, among patients who 
received high-dose cisplatin-based chemotherapy 
(defi ned as greater than 850 mg), the 15-year 
posttreatment paternity rate was only 48 % (95 % 
CI = 30–69 %) (Brydoy et al.  2005 ). Radiotherapy 
can also affect spermatogenesis, and special 

shielding of the contralateral testicle during irra-
diation is necessary to prevent permanent effects 
(Jacobsen et al.  1997 ). The paternity rate follow-
ing the smaller PA-strip (as opposed to extended 
fi eld) radiotherapy was 81 % ( p  = .006) (Brydoy 
et al.  2005 ). Although most testicular-cancer sur-
vivors who attempt paternity are successful 
(Brydoy et al.  2005 ), semen analysis and cryo-
preservation of sperm prior to cytotoxic therapy 
are recommended for most patients (Magelssen 
et al.  2005 ), as some will require assisted repro-
duction technology. Both are associated with 
increased rates of fertility in survivors (Syse 
 2008 ). Patients with dry ejaculation after receiv-
ing high-dose chemotherapy or non-nerve- 
sparing retroperitoneal lymph-node dissection 
are the least likely to achieve paternity (HR 0.19; 
95 % CI, 0.10–0.34) (Brydoy et al.  2005 ). 

 Testosterone levels are generally normal after 
ipsilateral orchiectomy (Petersen et al.  1999 ) but 
may fall to the lower spectrum of normal after 
cisplatin-based chemotherapy (Brennemann 
et al.  1997 ; Huddart and Birtle  2005 ). It has been 
shown that 12–16 % of survivors are chemically 
hypogonadal (Nord et al.  2003 ; Huddart and 
Birtle  2005 ). The late effects of hypogonadism 
are not well studied in testicular-cancer survi-
vors, although hypogonadism in other patient 
populations is known to be associated with meta-
bolic syndrome, diabetes, cardiovascular disease, 
and osteoporosis (Corona et al.  2011a ,  b ) In a 
large study of 823 testicular-cancer survivors fol-
lowed for a median of 8 years, 15.2 % had chemi-
cal hypogonadism, 12.5 % had osteoporosis, and 
increased luteinizing hormone was seen in 15 % 
(Ondrusova et al.  2009 ). 

 Of interest, a statistically signifi cant increase 
in the incidence of chronic fatigue, defi ned as 
lasting for more than 6 months, was reported 
among long-term Norwegian testicular-cancer 
survivors compared with age- and gender- 
matched referents (17 % vs. 10 %) (Orre et al. 
 2008 ). The authors found statistically signifi cant 
higher levels of interleukin-1 and C-reactive pro-
tein in testicular-cancer survivors with fatigue 
than in those without fatigue (Orre et al.  2009 ). 
However, it is unknown if hypogonadism is also 
associated with fatigue. Impaired strength and 
muscular fatigue as “common complaints” 
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among testicular-cancer patients who are receiv-
ing bleomycin, etoposide, and cisplatin- based 
chemotherapy is described by Christensen et al. 
(Christensen et al.  2011 ) although the exact pro-
portion of patients with this concern and time 
course of muscular fatigue are not well studied at 
present. The authors plan a randomized trial eval-
uating the effect of strength on short-term train-
ing on muscular mass and muscular function in 
testicular-cancer patients undergoing chemother-
apy, but there are no such studies in survivors.  

8.4    Nephrotoxicity 

 The kidney is the principal excretory organ of 
cisplatin. The concentration of platinum in the 
kidney is several folds higher than in plasma and 
above any other organ (Launay-Vacher et al. 
 2008 ). As a result, cisplatin is a known nephro-
toxin. The proximal nephron cells are believed to 
be most at risk, and damage here results in a 
decreased glomerular fi ltration rate. 

 With appropriate hydration and dosing, most 
exposed patients suffer an acute but reversible 
decrease in glomerular fi ltration rate; however, 
some experience irreversible damage, with up to 
a 30 % reduction in glomerular fi ltration (Hansen 
et al.  1988 ; Fossa et al.  2002 ). This is potentially 
very signifi cant because even small changes in 
the glomerular fi ltration rate can be associated 
with both cardiovascular disease and all-cause 
mortality (Fossa et al.  2002 ; Astor et al.  2008 ). 
Platinum has been measured in the urine of long- 
term survivors following cisplatin-based chemo-
therapy (Gerl and Schierl  2000 ), which may 
provide a mechanism for ongoing renal damage. 

 The effect of radiotherapy on renal function 
has not been systematically studied. Depending 
upon the blocking techniques used and the posi-
tion of the kidneys relative to the retroperitoneal 
nodes, which varies among individuals, the renal 
architecture in general receives very low doses of 
radiotherapy (see radiation fi gure). A very small 
study of 85 Norwegian testicular-cancer survi-
vors included less than eight patients treated with 
radiotherapy alone for whom no change in creati-
nine was observed (Fossa et al.  2002 ). However, 
patients who received chemotherapy alone or 

chemotherapy in combination with radiotherapy 
experienced a 20–30 % decline. There are, how-
ever, sporadic case reports of renal-artery steno-
sis following radiotherapy which can result in 
signifi cant hypertension (Mulla et al.  2007 ). The 
risk factors for renal-artery stenosis are unknown, 
but stenosis is rare even following the higher 
therapeutic doses given for other cancer diagno-
ses (Salvi et al.  1983 ).  

8.5    Neurotoxicity 

 Cisplatin accumulates in the dorsal nerve root gan-
glia where it can cause neuronal degeneration 
leading to sensory peripheral neuropathy 
(McKeage et al.  2001 ; McDonald et al.  2005 ). 
Patients may experience sensory loss, paresthe-
sias, or Raynaud’s phenomena, any of which can 
be permanent. One of the earliest studies of neuro-
toxicity looked at 30 Finnish survivors of meta-
static germ cell tumor, all of whom had received 
high-dose cisplatin therapy (defi ned as six cycles) 
(Hansen et al.  1989 ). The interval between 
 treatment and assessment was 4–9 years. Seventy- 
three percent had sensory loss and half complained 
of paresthesia. Nerve conduction studies demon-
strated defects in 80 % of these survivors. A more 
recent cross-sectional study of 1,409 Norwegian 
testicular-cancer survivors revealed that with a 
median of follow-up time of 11 years, 39 % (95 % 
CI, 35–43 %) of men treated with chemotherapy 
reported Raynaud- like phenomena (defi ned as 
white or cold hands/fi ngers or feet/toes on cold 
exposure) and 29 % (95 % CI, 25–33 %) reported 
paresthesias in the hands or feet (Brydoy et al. 
 2009 ). The duration of neuropathy following che-
motherapy is unclear from the available data, but 
there are no effective ameliorative treatments. Of 
note, men treated with radiotherapy had higher 
odds of self- reported paresthesias in their feet than 
those not treated with radiotherapy (OR = 1.5; 
95 % CI, 1.01–2.1;  p     = 0.04). The latter fi nding 
was unexpected and has not been studied in other 
cohorts. In a separate study of 346 irradiated 
testicular- cancer survivors, transient neurological 
effects were seen in 11 (3.2 %). All but one patient 
experienced complete resolution of their symp-
toms by 1 year (Brydoy et al.  2007 ).  
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8.6    Ototoxicity 

 Because cisplatin has a low molecular weight, it 
crosses easily through the round window mem-
brane into the cochlea (van der Hulst et al.  1988 ). 
The outer hair cells of the cochlea are believed to be 
most vulnerable. Patients treated with cisplatin dis-
play evidence of cochlear toxicity, high- frequency 
hearing loss (3–8 kHz), and tinnitus (Bauer and 
Brozoski  2005 ). In a mail survey of testicular-can-
cer survivors 35–44 years of age, the reported inci-
dence of hearing loss was twice the national average 
for this age range (Stava et al.  2005 ). The preva-
lence of ototoxicity depends on the diligence of 
evaluation, as patients who report hearing loss may 
have other causes of hearing loss and also because 
some patients who report hearing loss have normal 
audiograms. In a study of 86 testicular-cancer sur-
vivors, 66 % had abnormal audiograms, but this 
percentage was decreased by excluding those 
whose abnormal audiograms were not typical of 
cisplatin damage (Bokemeyer et al.  1998 ). 
Subjectively, 17 (20 %) complained of persistent 
ototoxicity probably related to chemotherapy: tin-
nitus was experienced by ten (12 %), hearing loss 
by 3 (3 %) patients, and four (5 %) patients had 
both symptoms. A cross- sectional study of 1,319 
Norwegian testicular-cancer survivors revealed that 
patients who received 1–4 cycles of cisplatin-based 
chemotherapy were more likely (OR = 1.5; 95 % 
CI, 1.2–2.0) to experience hearing impairment and 
tinnitus compared with those who had not received 
chemotherapy (OR = 1.8, 95 % CI, 1.4–2.4). 
However, the effect was most pronounced in those 
who received >5 cycles or dose-intensive chemo-
therapy; in these cohorts, the odds ratios ranged 
from 3.8 to 7.1 and were all highly statistically sig-
nifi cant (Brydoy et al.  2009 ). Beyond the fact that it 
is bothersome, little is known about the impact of 
ototoxicity on quality of life or employment.  

8.7    Genetic Susceptibility 
to Neurotoxicity and 
Ototoxicity 

 Along with the type and amount of cytotoxic 
drugs and radiotherapy, and comorbidities and 
habits, such as tobacco use (Travis et al.  2010 ), 

genetic susceptibility may play a role in the devel-
opment of late effects in testicular-cancer patients. 
Little is known about this although it is a topic of 
active study. There are data to suggest that com-
mon variants in TP53 and the gene for bleomycin 
hydrolase modify tumor response to chemother-
apy and thus prognosis, but neither appears to pre-
dict for late effects, including pulmonary toxicity 
(Bergamaschi et al.  2003 ; de Haas et al.  2008 ; 
Maffei et al.  2008 ). One possible exception is the 
common codon 105 variant in glutathione 
S-transferase which detoxifi es reactive metabo-
lites of platinating agents and etoposide (Niitsu 
et al.  1998 ; Peklak-Scott et al.  2008 ). The substi-
tution of isoleucine for valine at this site has been 
shown to be associated with increased risks of 
cisplatin-based oto- and neurotoxicity (Allan 
et al.  2001 ; Oldenburg et al.  2007 ; Oldenburg 
et al.  2008 ). Cisplatin can also be conjugated by 
other glutathione S-transferases, and there are 
early data to suggest that polymorphic functional 
variants may also be important in the subsequent 
development of ototoxicity (Peters et al.  2000 ; 
Oldenburg et al.  2007 ). Genetic testing of poten-
tially important variants is not possible in the 
clinical setting at present but may be in the future.  

8.8    Pulmonary Toxicity 

 Pulmonary function has been shown in population 
studies to be a predictor of both all-cause mortal-
ity and quality of life (Schunemann et al.  2000 ; 
Mannino et al.  2003 ). In an international popula-
tion-based registry study of more than 38,000 
testicular-cancer survivors, an increased risk of 
death from respiratory disease was shown with a 
standardized mortality ratio of 1.15 (95 % CI, 
0.99–1.34) (Fossa et al.  2007 ). Patients who 
received chemotherapy during the cisplatin–bleo-
mycin era (after 1975) had threefold more excess 
deaths from pulmonary causes. Bleomycin exerts 
its antitumor effect by inducing programmed cell 
death, inhibiting angiogenesis, and by the forma-
tion of free radicals. Bleomycin is excreted 
through the kidneys and deactivated by the 
enzyme bleomycin hydrolase. The lung contains 
no bleomycin hydrolase and, as a result, is 
 particularly vulnerable to bleomycin toxicity. 

C. Beard



127

Short-term pulmonary complications of bleomy-
cin are seen in up to 46 % of patients but most are 
mild and self-limited (Sleijfer  2001 ). The risk fac-
tors for bleomycin-associated pneumonitis are 
well described elsewhere, and only a small frac-
tion of bleomycin-treated patients develop pulmo-
nary fi brosis. The risk of fatality in patients who 
develop bleomycin-associated pulmonary fi brosis 
is on the order of 10 % (Dearnaley et al.  1991 ; 
Sleijfer  2001 ; O’Sullivan et al.  2003 ). Cisplatin is 
not generally thought to be associated with pul-
monary late effects. However, a recent study of 
late effects in 1,000 chemotherapy- treated testicu-
lar-cancer survivors followed for a median of 11.2 
years revealed that age-adjusted forced vital 
capacity (FVC), FVC predicted, forced expiratory 
volume 1 (FEV1), and FEV1 predicted were all 
signifi cantly lower in patients treated with higher-
dose cisplatin (<850 mg) or cisplatin with pulmo-
nary surgery compared with patients who only 
underwent surgery (Haugnes et al.  2009 ). Eight 
percent of all study patients had restrictive lung 
disease, and the highest prevalence was in the 
higher-dose group (17.7 %) and in the cisplatin 
with pulmonary surgery group (16.7 %). 
Compared with patients who underwent surgery 
only, these groups had odds ratio for restrictive 
disease of 3.1 (95 % CI, 1.3–7.3) and 2.5 (95 % 
CI, 0.8–7.6), respectively. In that study, only cis-
platin dose ( p  = 0.007) and age at diagnosis 
( p  = 0.008) were associated with restrictive lung 
disease even when bleomycin was included in the 
model. To date, other than exposure to chemo-
therapy and ongoing tobacco use, there are no 
prediction models which can be used to identify 
survivors at risk for either pulmonary fi brosis or 
death from pulmonary fi brosis.  

8.9    Late Psychosocial Effects 

8.9.1     Sexuality and Marriage 

 A recent diagnosis of testicular cancer was associ-
ated with a 20 % increased probability of divorce 
over the fi rst 5 years (OR = 1.19; 95 % CI, 1.04–
1.38) although the effect appeared to level off 
after that (Syse  2008 ). Little is known about the 
interplay among infertility, divorce, and hypogo-

nadism for testicular-cancer patients in paired 
relationships. One small study reported that cou-
ples whose relationships began before a diagnosis 
of testicular cancer were more sexually satisfi ed 
than those whose relationships began after 
(Tuinman et al.  2005 ). Patients who underwent 
non-nerve-sparing retroperitoneal lymph- node 
dissection, as was popular for stage I or II disease 
until the mid-to-late 1980s (Lange et al.  1987 ), 
suffered from sympathetic nerve dysfunction 
leading to retrograde ejaculation and infertility. 
Infertility-related effects on relationships may be 
important but have not been studied since 1990, 
when a series of three publications on 200 men 
with testicular cancer revealed that distress over 
infertility was associated most with childlessness 
and that fertility was important to men with tes-
ticular cancer (Rieker et al.  1985 ,  1989 ,  1990 ). 

 A recent study of sexual dysfunction among 
Norwegian testicular-cancer survivors demon-
strated a 39 % incidence of sexual dysfunction 
compared with 36 % in referents. However, the 
testicular-cancer survivors had signifi cantly 
worse scores pertaining to ejaculatory and sex-
ual problems (Dahl et al.  2007 ). Overall, sexual 
problems were signifi cantly associated with 
increasing age, lack of a partner, and higher 
anxiety scores. In that study, survivors reported 
slightly better rates of sexual satisfaction when 
compared to the normative sample; the authors 
attributed this, in part, to response shift 
(Schwartz et al.  2007 ), which represents adapta-
tion of attitude and expectations in response to 
disease and treatment.  

8.9.2     Mental Health and Quality 
of Life 

 In a large study of 1,400 testicular-cancer survi-
vors, mental health and quality of life were 
assessed by validated questionnaires; no signifi -
cant differences were seen between survivors and 
referents (Dahl et al.  2005b ), similar to other 
reports (Heidenreich and Hofmann  1999 ). 
Testicular- cancer patients who reported more side 
effects and particularly those who reported stress 
related to testicular cancer (i.e., fear of recurrence) 
were more likely to score lower in terms of quality 
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of life. It is not clear, however, that the question-
naires addressed concerns specifi c to testicular-
cancer patients (Travis et al.  2010 ). In one report 
looking specifi cally at anxiety and depression 
scores in 1,400 testicular- cancer survivors using 
the Hospital Anxiety and Depression Scale 
(HADS), HADS-defi ned anxiety disorder was 
more prevalent in testicular- cancer survivors than 
in the normative sample (RR = 1.49; 95 % CI, 
1.31–1.69) although the incidence of HADS-
defi ned depression did not differ from the norm 
(Dahl et al.  2005a ). In this study, HADS-defi ned 
anxiety disorder was associated on multivariate 
analysis with young age, peripheral neuropathy, 
economic problems, alcohol problems, relapse 
anxiety, and prior treatment for psychological 
problems. The authors attributed the increased 
incidence of HADS- defi ned anxiety disorder in 
part to the surprisingly high proportion of survi-
vors (31 %) who reported relapse anxiety even 
after a median follow- up time of almost 11 years. 
Relapse anxiety and HADS-defi ned anxiety disor-
der were highly correlated in this study. In point of 
fact, a review of late relapse, defi ned as relapse 
more than 2 years following successful treatment 
for testicular cancer, showed that the actual risk is 
only 1–4 % (Oldenburg et al.  2006 ). In a separate 
study, hypogonadal patients, representing 13 % of 
680 testicular-cancer survivors, had lower quality-
of-life scores related to sexual functioning and 
lower physical, social, and role function scores on 
the European Organization for Research and the 
Treatment of Cancer Quality-of-Life form C-30 
(Huddart et al.  2005 ).  

8.9.3     Employment 

 A meta-analysis of 26 articles describing 36 stud-
ies of employment in cancer survivors included 
20,366 survivors and 157,603 healthy control 
participants (de Boer et al.  2009 ). This analysis 
included studies from the United States, Europe, 
and other countries. Overall, cancer survivors were 
more likely to be unemployed than the healthy 
controls (33.8 % vs. 15.2 %; RR = 1.37; 95 % CI, 
1.21–1.55). However, the risk of unemployment 
was not higher for survivors of  testicular cancer 

(18.5 % vs. 18.1 %; pooled RR = 0.94; 95 % CI, 
0.74–1.20).   

8.10    Summary 

 In summary, the majority of men with testicular 
cancer are cured of their malignancy and survive 
for decades. Over time, however, they develop 
late effects of treatment or continue to experience 
side effects that developed during therapy and 
persist. The most serious late effects are second 
malignant neoplasms and cardiovascular disease 
as these are potentially life threatening. 
Cardiovascular precursors, such as metabolic 
syndrome, hypertension, and diabetes, are pres-
ent in testicular-cancer survivors as well. Fatigue, 
anxiety, infertility, hypogonadism, ototoxicity, 
neurotoxicity, and pulmonary toxicity can all 
potentially affect quality of life. This patient pop-
ulation has not been tested suffi ciently for devel-
opment of evidence-based guidelines for their 
continuing care, but efforts are underway to 
develop consensus-based approaches for their 
management. Clinicians caring for these patients 
should encourage them to follow the generally 
available guidelines for good health such as 
weight management, regular exercise, and avoid-
ance of known carcinogens, such as tobacco. 
Probably the best option for the future good 
health for testicular-cancer patients is the avoid-
ance of unnecessary exposure to chemotherapy 
and radiation, and present-day treatment pro-
grams are designed to decrease treatment inten-
sity while maintaining very high cure rates.     
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