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STELLINGEN 

1 Testiculaire nonseminomen doorlopen naar alle waarschijnlijkheid een 
seminoom-acbtig stadium, betzij in situ, betzij invasief. (Dit proefschrift) 

2 Cbemotberapie voor een longmetastase van een mannelijke patient met 

een kiemceltumor zonder een teratoom component zal naar alle 
waarschijnlijkheid een complete remissie induceren. (Dit proefschrift) 

3 Biologiscbe aggressiviteit van testiculaire nonseminomateuse 

kiemceltumoren lijkt bepaald te zijn door zowel tumor progressie in 

engere zin, als door de differentiatie ricbting van de tumor. (Dit 

proefschrift) 

4 Bij kiemceltumoren van de testis zijn tetraploide of bogere DNA 
waarden van tumorcellen prognostiscb ongunstig. (Dit proefschrift) 

5 De waarde van de semenanalyse en de baarmoederfoto voorafgaande aan 
refertilisatie van de vrouw zou beroverwogen moeten worden. 

6 In bet algemeen zou bet maken van goede afspraken tussen begeleider en 

(student-) onderzoeker, eventueel m de vorm van een 

onderzoeksovereenkomst, de communicatie tussen beiden kunnen 

ver-beteren-(Symposium Watson Dispuut mei '92). 

7 Naast de uitdrukking medicalisering van de samenleving zou ook 

gesproken kunnen worden van medialisering van de gezondbeidszorg. 

8 Alle voorlicbting ten spijt lijkt het effect van het emstig ziek worden cq 
overlijden van een publiek persoon soms meer effect op bet 
gezondbeidsgedrag van mensen te hebben. 

9 In plaats van iemand die een artsexamen gaat doen succes te wensen, 

zou je deze vaak beter veel geluk kunnen wensen. 

10 Alles is mogelijk als je niet weet waarover je praat. (Green) 

11 Er gaat niets boven Groningen. 

Groningen, 1 juli 1992 

W.E. de Graaff 
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VOORWOORD 

Het onderzoek beschreven in dit proefschrift werd bewerkt in de 
periode 1989-1992 bij de vakgroep Pathologie van de Rijksuniversiteit 
Groningen (hoofd Prof.Dr. J.D. Elema). Het onderzoek werd mede mogelijk 
gemaakt dankzij subsidies van de Nederlandse Kankerbestrijding-Koningin 
Wilhelmina Fonds en de J .K. de Cock Stichting-Groningen. De resultaten 
kwamen tot stand dankzij de sinds jaren bestaande vruchtbare samenwerking 
tussen de afdelingen Medische en Chirurgische Oncologie van het 
Academisch Ziekenhuis Groningen en de vakgroepen Pathologie en 
Medische Genetica van de Rijksuniversiteit Groningen en de daaruit 
voortgekomen samenwerking met het Laboratorium voor Experimentele 
Patho-Oncologie van de Dr. Daniel den Hoed Kliniek Rotterdam. Andere 
betrokken instellingen waren de afdeling Human Genetics van de Universiteit 
van Porto, Portugal en de afdeling Clinical Biochemistry van bet 
U niversiteitsziekenhuis van Odense, Denemarken. 

Zonder hulp van diverse pathologen, urologen en internisten, met 
name uit de noordelijke provincies, was dit onderzoek niet mogelijk geweest. 
Zij waren bereid tumorweefsel en patientgegevens af te staan. 

Tijdens de studie Geneeskunde kwam ik in 1988 via een 
keuzeprojekt, geleid door Dr. W.M. Molenaar, bij de vakgroep Pathologie 
in aanraking met de W erkgroep Oncologie. Ik kwam terecht in een solide 
groep, die zich o.m. bezig hield met onderzoek naar kiemceltumoren van de 
testis, onder de ge1nspireerde leiding van Prof.Dr. J .W. Oosterhuis. Aldus 
werd de prioriteit van mijn studie Geneeskunde verlegd naar de promotie, 
alhoewel de studie natuurlijk niet verwaarloosd mocht worden; al met al 
werd bet een zeer leerzame maar ook drukke tijd, vooral toen de co
assistentschappen begonnen. Tijdens de gehele onderzoeksperiode werkte ik 
nauw samen met veel mensen, aan wie ik mijn dank verschuldigd ben voor 
bun hulp, steun en begeleiding. 

In de eerste plaats wil ik noemen Prof.Dr. J. W. Oosterhuis 
(Rotterdam). Hij introduceerde mij in de wonderlijke wereld van de 
kiemceltumoren van de testis (teratoma = wondergezwel). Wolter, ik ben 
je zeer erkentelijk voor je enorm enthousiaste en kritische begeleiding. 
Ondanks je vertrek naar Rotterdam bleef je toch bereid mij te begeleiden. Ik 
ben je erg dankbaar voor de kans die je me gegeven hebt om me uiteindelijk 
middels dit proefschrift te manifesteren. 

Vervolgens wil ik Prof.Dr. H. Schraffordt Koops bedanken voor zijn 
begeleiding, de nauwkeurige registratie van patientgegevens en de vlotte 
afwerking van de manuscripten. 



Prof.Dr. B. de Jong was ondermeer verantwoordelijk voor de 
nauwgezette registratie van de karyotypen. Bauke, ik beb je inzet zeer 
gewaardeerd, vooral je introduktie van mij in de wereld van de tumor
cytogenetica en je kritiscbe noten bij de verscbillende manuscripten. 

Dr. D. Th. Sleijfer wil ik bedanken voor m.n. zijn zeer methodiscbe 
en directe werkwijze, alsmede voor enkele bemoedigende momenten, zoals 
in de "scbrijffase" van dit proefscbrift. 

Dr. F.E. von Eyben (Odense) wil ik bedanken voor de stimulerende 
discussies. Finn, I do appreciate all your efforts, critical remarks and, above 
all, our sundaymorning-discussions. I'm looking forward to our future 
collaboration! 

Dr. J. Marrink, Dr. G.J. te Meerman, Ors. W.L.J. van Putten 
(Rotterdam) en de overige mede-auteurs wil ik ook bedanken voor bun 
waardevolle bijdragen aan verscbillende onderzoeken. 

Prof.Dr. J .D. Elema en Dr. W. Timens wil ik dankzeggen voor bun 
gastvrijheid resp. supervisie tijdens mijn onderzoeksperiode bij de vakgroep 
Pathologie. 

Vervolgens ben ik nog velen dank verschuldigd voor bun assistentie 
bij diverse werkzaamheden; bij de vakgroep Pathologie zijn dit met name 
Anke Dam, J anneke Wiersema-Buist, Thea Rozeboom en enkele stagiaires 
(analytische hulp), David Brekhoff (computerassistentie) en Hilbrand 
Wieringa (fotografie); bij de Medische Genetica met name Jannie van 
Ecbten-Arends (cytogenetisch-analytische hulp). Naast de overige 
betrokkenen bij de Werkgroep Oncologie en de "theegroep", wil ik 
"roommate" Wilko Coers bedanken voor de gezellige tijd bij de vakgroep 
Pathologie; die heerlijke oeverloze discussies ...... . 

Uiteraard mag ik Dr. W.M. Molenaar niet vergeten. Door baar 
kwam ik in aanraking met de W erkgroep Oncologie. 

De afronding van dit proefschrift vond plaats tijdens de co
assistentschappen. Hierom wil ik mijn mede co-assistenten bedanken voor 
hun begrip en steun. 

De promotiecommissie ben ik dankbaar voor het in korte tijd kritisch 
beoordelen van het proefschrift. De commissie bestond uit: Prof.Dr. J .D. 
Elema, Prof.Dr. J. Oldhoff en Prof.Dr. I. Damjanov (Philadelphia). 

Laurens v. d. Waaij en Bert Timmer wil ik bedanken voor bun 
bereidwilligbeid op te treden als paranimfen. Ook wil ik mijn moeder, 
J.M.F. Swiers, bedanken voor haar hulp achter de schermen. 

Uiteraard ben ik mijn beide ouders dankbaar voor de gelegenheid die 
ze mij hebben gegeven om (lang) te kunnen studeren. 

Het meest ben ik evenwel verschuldigd aan mijn levenspartner Anita 
Gils, aan wie ik dit proefschrift heb opgedragen. Zij heeft me werkelijk op 
alle fronten gesteund; praktisch en met kritiscbe blik, maar vooral met veel 



begrip en geduld. Anita, ik ben je met name erg dankbaar voor de 
momenten waarop je mij liet relativeren en mij wees op dingen waar het 
werkelijk om gaat! 

Groningen, 1 juli 

Wim de Graaff 
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GENERAL INTRODUCTION 
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EPIDEMIOLOGY 

Testicular cancer represents about 1-2 % of all male human malignant 
tumors and is the most common malignancy in young adult men (J avadpour, 
1978 for review). Approximately 95% are germ cell tumors. The residual 
group of testicular tumors predominantly consists of gonadal stromal tumors. 
Over the last years the incidence of testicular cancer has increased 

(Schottenfeld et al., 1980; Oliver, 1990a). 
Testicular germ cell tumors are divided into two main groups for 

clinico-pathological reasons: testicular seminomatous (seminomas) and 
testicular nonseminomatous germ cell tumors (TNSGCTs) (Mostofi and 
Sobin, 1977). In about 20 % both components coexist within the same tumor. 
According to the British classification system these tumors are referred to as 
combined tumors (Collins and Pugh, 1964), according to the WHO 
classification they are classified as TNSGCTs (Mostofi, 1979). The age of 
presentation of the patients ranges from about 20 to 55 years, depending on 
the histologic type (Pugh, 1976). At presentation patients with a seminoma 
normally are older (median ±40 yrs), compared to patients with a 
nonseminoma (±25 yrs), whereas patients with a combined tumor usually 
are of an intermediate age(± 30 yrs) (Pugh, 1976; Oosterhuis et al., 1989). 

IDSTOLOGY 

Primary tumors 
The group of seminomas is subdivided into classical and anaplastic 

seminoma, seminoma with syncytiotrophoblastic giant cells, and 
spermatocytic seminoma. Spermatocytic seminoma is considered to be a 
separate entity, because ofpathogenetical, clinical and histochemical reasons 
(Talerman, 1980; Muller et al., 1987; Dekker et al., 1992). 

TNSGCTs are subdivided into the following histologic components: 
embryonal carcinoma, yolk sac tumor (endodermal sinus tumor) 
choriocarcinoma and teratoma. Teratomas contain mature (mature teratoma) 
and/or immature parts (immature teratoma). In most cases TNSGCTs consist 
of more than one histologic component (Mostofi et al., 1987 for review). 
The morphological characteristics of the different histologic components have 
been extensively described by Mostofi (Mostofi, 1973). 

Metastases 
In general, the morphological findings of metastases of testicular 

germ cell tumors are predictable from the histology of the primary tumor 
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(Oosterhuis, 1983a for review). Usually, histologically pure tumors give rise 
to metastases of similar morphology. Tumors of mixed histology usually 

give rise to metastases consisting of fewer components compared to the 
primary tumors. Because in the case of dissemination the current protocol 
does not allow resection of metastases of testicular cancer before 
chemotherapy (Gelderman et al., 1986), pathologists are usually confronted 
with histologic findings in metastases altered by chemotherapy. 
Retroperitoneal residual mature teratoma after platin-based 
multichemotherapy consisting of fully differentiated tissue, is associated with 
primary tumors containing teratoma as one of the components (Oosterhuis 
et al., 1983b; Vugrin and Whitmore, 1985; Donohue et al., 1987; 
Logothetis et al., 1987), while untreated metastases of mixed primary tumors 
rarely consist of teratoma only (Bar and Hedinger, 1976; Oosterhuis, 
1983a). Obviously, metastatic teratoma seems to be resistant to platin-based 
chemotherapy in contrast to the other histologic components, which are 
highly sensitive (Reynolds et al., 1981; Suurmeijer et al., 1984; Donohue et 
al., 1987; Vugrin et al., 1988). This is most likely a consequence of the fact 
that most chemotherapy interferes with the cell-cycle and, therefore, has 
little or no influence on almost non-dividing fully differentiated tissues like 
mature teratoma. 

PATHOGENESIS 

Carcinogenesis of testicular germ cell tumors probably starts in utero 
in primordial germ cells (Forman, 1986; Swerdlow, 1986; Walker et al., 
1990), before migration to the genital ridge. This hypothesis is supported by 
the finding of carcinoma in. situ in the contralateral testis in 5-10% of 
patients with a gonadal germ cell tumor (Manivel et al., 1989), and of 
carcinoma in situ in the testis of patients with an extragonadal germ cell 
tumor (Daugaard et al., 1987). Carcinoma in situ is considered to be the 
precursor lesion of testicular germ cell tumors (Skakkebrek-et al., 1987). The 
cells are usually found in the residual testicular seminiferous tubules 
surrounding the invasive cancer (J0rgensen et al., 1990). 

Historically there are two theories on the pathogenesis of testicular 
germ cell tumors (Damjanov, 1989 for review). The first theory assumes 
that both seminomas and TNSGCTs are separately derived from dysplastic 
intratubular germ cells via a carcinoma in situ stage (Pierce and Abell, 1970; 
Mostofi, 1984; J0rgensen et al., 1990). According to the second theory 
seminoma is considered to be an intermediate stage between carcinoma in 
situ and TNSGCTs. This model first was proposed by Ewing and Friedman 
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(Ewing, 1911; Friedman, 1951) and more recently supported by others 
(Raghavan et al. , 1982; Oliver, 1987; Oosterhuis et al. , 1989). Evidence for 
this view was given by HLA studies (Oliver, 1987; Oliver, 1990b), ploidy 
(Oosterhuis et al. , 1989) and chromosome studies (De Jong et al. , 1990 for 
review), reports on borderline histology between seminomas and TNSGCTs 
(Damjanov et al., 1980; Rhagavan et al. , 1981; Rhagavan et al. , 1982; Walt 
et al. , 1986; Alderdice and Johnston, 1987), histochemical similarities 
between carcinoma in situ and seminomas (Skakkebrek et al. , 1987; 
J0rgensen et al. , 1990), the presence of trophoblastic giant cells resembling 
syncytiotrophoblastic giant cells in choriocarcinomas in 7 to about 20% of 
the seminomas (Mostofi, 1980; Sehested and Jacobsen, 1987), and the 
frequent finding of nonseminomatous components in metastases derived from 
testicular pure seminomas (Oliver, 1990a). According to the second theory, 
embryonal carcinoma cells are considered to represent the totipotential stem 
cells for the various nonseminomatous components (Damjanov, 1990 for 
review). Different histologic patterns result from the divergent lines of 
differentiation of embryonal carcinoma cells. 

Ploidy, and chromosome studies 
Since the initial chromosome studies on testicular tumors (Galton et 

al. , 1966; Rigby, 1968; Martineau, 1969; Atkin, 1973), DNA cytometric 
and cytogenetic reports have been published on testicular germ cell tumors 
in an attempt to uncover the pathogenetic interrelationships of these tumors. 

About 93 % of the testicular tumors have an abnormal DNA content 
(Barlogie et al. , 1983), and are, therefore, refered as aneuploid tumors. 
Thus, multiplication of the DNA (polyploidization) may play an important 
role in their pathogenesis. Since most of the testicular germ cell tumors have 
chromosome numbers exceeding 55, polyploidization, as a result of 
endoreduplication or cell fusion of gonocytes, and subsequent loss of 
chromosomes, might be the underlying mechanism (De Jong et al. , 1990; 
Oosterhuis et al. , 1990). Another frequent finding is the presence of a 
specific structural chromosomal abnormality: the isochromosome 12p in 
about 80 % of the tumors, irrespective of the histologic component (De Jong 
et al. , 1990 for review). In many of the so called "i(12p)-negative" testicular 
germ cell tumors, other structural changes of chromosome 12 are found 
(Castedo et al. , 1988a). The short arm of chromosome 12 contains the locus 
of a K-ras gene, an oncogene frequently activated in cancers of the colon, 
pancreas and thyroid gland (Bos, 1989 for review). Furthermore, the gene 
locus for the subunit of the clinical serum tumormarker lactate 
dehydrogenase isoenzyme 1 is localized on the short arm of chromosome 12. 
Recently it was suggested that in the genesis of testicular germ cell tumors 

4 



polyploidization precedes generation of the isochromosome i(12p) (Geurts 
van Kessel et al., 1989; Peltomaki et al., 1990; Samaniego et al., 1990). 
Structural abnormalities of (especially the short arm of) chromosome 1 also 
are frequently found in gonadal testicular tumors and have been associated 
with tumor progression (Wang et al., 1980; Parrington and West, 1985; 
Delozier-Blanchet et al., 1987). 

Analyzing the ploidy of seminomatous and nonseminomatous germ 
cell tumors, Oosterhuis and coworkers found in their material, DNA flow 
cytometric and cytogenetic support for the pathogenetic view in which all 
germ cell tumors pass through a seminoma stage (Oosterhuis et al., 1989; 
De Jong et al., 1990). Among others (Martineau, 1969; Atkin, 1973; 
Delozier-Blanchet et al., 1987), they found higher chromosome numbers in 
seminomas (hypertriploid numbers) compared to TNSGCTs (hypotriploid 
numbers) (Oosterhuis et al., 1989). The components of combined tumors had 
the same ploidy compared to that of their pure counterparts (Oosterhuis et 
al., 1989). Cytogenetically seminomas and TNSGCTs are obviously related 
since they have many identical chromosomal abberrations (De Jong et al., 
1990 for review), which also has been described for both components in 
combined tumors (Walt et al. , 1986; Berger et al., 1987; Castedo et al., 
1988b; Haddad et al., 1988). Chromosomes usually underrepresented are 11, 
13, 18 and Y, while overrepresented chromosomes are 7, 8, 12 and X (De 
Jong et al., 1990). 

The scarce data on the ploidy of carcinoma in situ are in keeping 
with the view of Oosterhuis et al. (Oosterhuis et al., 1989), since values in 
the triploid to tetraploid range were reported in patients without invasive 
cancer (Muller and Skakkebrek, 1981; Lehman et al., 1986). Moreover, Vos 
et al. found chromosome numbers in the triploid range in carcinoma in situ 
in three patients with invasive cancer (Vos et al., 1990), suggesting that net 
loss of chromosomes occurs in carcinoma in situ before it becomes invasive. 

In contrast to ploidy and cytogenetic studies on differences between 
testicular seminomas and TNSGCTs (Castedo, 1988 thesis), ploidy studies 
on TNSGCTs do not show differences in DNA content between the 
histologic subtypes (FossA et al., 1985; Sledge et al., 1987; Oosterhuis et 
al., 1989), although this has not been extensively studied. In a cytogenetic 
study on three embryonal carcinomas and two tumors containing 
predominantly teratoma, no differences in modal chromosome numbers were 
found (Gibas et al. , 1986). However, using image analysis, in a study on 
yolk sac tumors, more differentiated tumors were suggested to be associated 
with (near-) diploidy (Kommos et al., 1990) 
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CLINICAL BEHAVIOR 

Testicular germ cell tumors disseminate primarily to the 
retroperitoneal lymph nodes (Peckham, 1981). The lung is the first 
localization of extra-lymphatic metastases and is reached via the mediastinal 
lymph nodes and thoracic duct (Borski, 1973; Peckham, 1981). Only the 
nonseminomatous component choriocarcinoma tends to metastasize directly 
via the hematogenic route bypassing the lymphatics (Mostofi, 1973; 
Oosterhuis, 1983a).- In contrast, only a small proportion of patients with non
choriocarcinomatous germ cell tumors have hematogenic metastases to the 
lungs without involvement of the retroperitoneal lymph nodes (Fraley et al., 
1980). 

Nowadays about 85% of all patients with testicular germ cell cancer 
are cured (Einhorn, 1990 for review). The extent of metastases, and hence 
prognosis, is largely determined by clinico-pathological parameters (Hesketh 
and Krane, 1990 for review). In short, clinically especially the localization, 
size and number of metastases, and the elevation of serummarkers a
fetoprotein, human chorionicgonadotropin, and lactate dehydrogenase 
isoenzyme 1 are important prognostic parameters (Javadpour, 1978; Von 
Eyben et al., 1982; Bosl et al., 1983; Stoter et al., 1987; Geller et al., 
1989). Pathologically, mainly histology (Oosterhuis, 1983a for review), 
extent of disease, and vascular and lymphatic invasion are important 
predictors (Moriyama et al., 1985; Javadpour and Young, 1986; Hoskin et 
al., 1986; Freedman et al., 1987; Hoeltl et al., 1987). 

Histologic components 
In addition to its inherent capacity to spontaneous differentiation, 

teratoma has relatively low metastatic potential. Both in primary tumors and 
in metastases, the finding of teratoma has been reported to be related to a 
good prognosis (Logothetis et al., 1987; Dunphy et al., 1988; Zuk et al., 
1989), except for the exceptional cases of relapses of the type found in the 
growing teratoma syndrome and of immature teratoma with non germ cell 
elements (Logothetis et al., 1982; Loehrer et al., 1986; Molenaar et al., 
1986). Other authors confirmed that the presence of tumor cell 
differentiation towards somatic tissues in the primary TNSGCTs correlated 
with prolonged survival (Callery et al., 1983; Fung et al., 1988). 

Pure choriocarcinoma has been reported to influence prognosis 
adversely, mainly due to the direct invasion of blood vessels by 
choriocarcinoma cells (Mostofi, 1973). This also explains the clinical 
aggressive behavior of tumors containing choriocarcinoma as one of the 
components (Vugrin et al., 1979; Kaye et al., 1979; Stoter et al., 1987), 
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which is illustrated grossly and histologically by the hemorrhagic appearance 
of areas of choriocarcinoma in TNSGCTs (Mostofi, 1973), and clinically by 
hemorrhagic complications in patients with choriocarcinoma (Johnson et al., 
1976). 

Many reports have been published on the clinical aggressiveness of 
embryonal carcinoma (Javadpour and Young, 1986; Logothetis et al., 1987; 
Freedman et al., 1987; Dunphy et al., 1988); in one series about 37% of 
patients with this component in the primary lesion presented with distant 
metastases at the time of diagnosis (Vugrin et al., 1988). Obviously, 
embryonal carcinoma as one of the components of a TNSGCT is associated 
with an unfavourable clinical behavior. 

The impact of a yolk sac tumor component in TNSGCTs in adults 
on the clinical behavior is still controversial. Most studies reported an 
association with a bad prognosis (Talerman, 1975; Roth and Panganiban, 
1976; Logothetis et al., 1984), although results of other studies suggested the 
opposite (Hoskin et al., 1986; Freedman et al., 1987). 

Seminomas are less aggressive than TNSGCTs; patients with pure 
seminoma present in about 50 to 80% in stage I (tumor confined to the 
testis) (Caldwell et al., 1980; Oosterhuis, 1983a; Hunter and Peschel, 1989), 
in contrast to patients with TNSGCT who present in stage I in just about 
25% of the _cases (Oosterhuis, 1983a). Although still a controversial entity, 
anaplastic seminoma is suggested to be associated with a poorer prognosis 
than the other seminomatous subtypes (Caldwell et al, 1980; Evensen et al, 
1987). Recently, seminomas with vascular invasion have been correlated 
with worse prognosis (Marks et al., 1990). The seminomatous component 
in combined tumors also is of relatively low malignancy and only rarely 
metastasizes (Mostofi, 1973; Bar and Hedinger, 1976; Oosterhuis, 1983a; 
Hoeltl et al., 1987). 

Ploidy and chromosome studies 
DNA studies show the same ploidy of germ cell tumors in patients 

presenting in different clinical stages (FossA et al., 1985; Sledge et al., 1987; 
Sledge et al., 1988; Qosterhuis et al., 1989). In an early study of Atkin and 
Kay (Atkin and Kay, 1979), (near-) diploidy in testicular germ cell tumors 
(including seminomas) was correlated to a less unfavourable clinical 
behavior. Cytogenetic reports focus on the relationship between structural 
chromosomal abnormalities and the clinical behavior of testicular germ cell 
tumors. Based on a cytogenetic study in three seminomas, Atkin and Baker 
suggested that the presence of more marker-chromosomes might be 
prognostic unfavourable (Atkin and Baker, 1985). Structural cytogenetic 
changes, especially more copies of i(l2p) and structural changes of 
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chromosome 1 have been associated with advanced stage disease (Delozier
Blanchet et al. ,  1987). In other studies, the presence of multiple copies of 
the short arm of chromosome 12 has been correlated with treatment failures 
(Bosl et al. , 1989), and advanced clinical stages (Peltomaki et al. , 1990). 

TUMOR BIOLOGICAL STUDIES ON ADULT TESTICULAR GERM 
CELL TUMORS: OUTLINE OF THE THESIS 

Pathogenesis 
From a pathogenetic point of view, it is still unclear how seminomas 

and TNSGCTs are related to carcinoma in situ, the precursor lesion. Ploidy 
measurement, karyotyping and molecular biological studies of both 
carcinoma in situ and its invasive component can be expected to give more 
information on the interrelationships between carcinoma in situ, seminomas 
and TNSGCTs. 

Such studies also may reveal differences between the distinct 
histologic components of TNSGCTs, explaining the phenotypical differences 
and their pathogenetic interrelationships. Apart from differences in ploidy 
and chromosomal pattern between seminomas and TNSGCTs (De Jong et 
al. , 1990 for review), this has not been demonstrated yet for the different 
nonseminomatous components. 

Clinical behavior 
Clinically, testicular germ cell tumors are a heterogeneous group of 

cancers. Histologic components differ in their response to chemotherapy and 
in their metastatic potential. Analysis of histologic findings of regional and 
distant metastases might explain the reported less malignant behavior of 
TNSGCTs with a teratoma component (Zuk et al. , 1989). Based on the 
theories of metastatic heterogeneity and selection (Fidler, 1978; Fidler and 
Hart, 1982), more differentiated components of mixed TNSGCTs can be 
expected to be found more often in regional, than in distant metastases. The 
subpopulations with high metastatic potential show less capacity for 
differentiation and are known for more malignant behavior, a common 
characteristic of tumor progression (Heppner, 1984; Nowell, 1986). 

In general, tumor progression is accompanied by increasing 
chromosomal or genetic aberrations, e. g. gain or loss of chromosomes, 
structural abnormalities, loss of heterozygosity, and activation of proto
oncogenes, resulting in a more malignant phenotype (Barlogie et al. , 1983; 
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Heppner, 1984; Klein and Klein, 1986; Nowell, 1986; Vogelstein et al., 
1988; Killion and Fidler, 1989; Nowell, 1990). Based on this assumption 
more chromosomal abnormalities can be expected in more malignant 
testicular germ cell tumors, detected by ploidy, chromosome and molecular 
studies. Within distinct nonseminomatous components, certain chromosomes 
might be over- or underrepresented. Excess of certain chromosomes might 
be responsible for malignant characteristics, which gives a relative growth 
advantage, by a gene dosage effect (Klein, 1981 for review). Loss of certain 
chromosomes might result in loss of genes responsible for normal cell 
differentiation, and tumorsuppressor genes (Knudson, 1986; Seemayer and 
Cavenee, 1989). Proto-oncogene activation can result in a higher malignant 
potential. Moreover, the same and other chromosomal changes or 
epigenetical factors and, in addition, tempora,. and host-factors might control 
the metastatic behavior as well (Nowell, 1976; Poste and Fidler, 1980; 
Heppner, 1984; Liotta, 1986; Fidler, 1990). 

The elevation of lactate dehydrogenase isoenzyme 1 is correlated to 
the tumor volume, and most probably has prognostic value (Von Eyben et 
al., 1982; Von Eyben et al., 1992). The gene of the isoenzyme is localized 
on the short arm of chromosome 12, which chromosome is involved in most 
of the testicular germ cell tumors, usually by the presence of the marker 
i(l2p). Analysis of the height of the serum marker, the tumor volume, and 
the number of copies of the short arm of chromosome 12 might explain the 
elevation of the serum tumor marker. 

Questions to be answered in this thesis: 

How is ploidy of carcinoma in situ related to that of the adjacent 
invasive seminomatous and nonseminomatous components? ( chapter 
II) 

Is the lineage of differentiation within testicular nonseminomatous 
germ cell tumors reflected by changes in proliferative activity, 
ploidy or cytogenetic events? (chapters III-IV) 

Do less differentiated histologic subtypes in testicular germ cell 
tumors have higher metastatic potential? (chapter V) 

Is progression of testicular nonseminomatous germ cell tumors 
reflected by changes in ploidy, chromosome number or number of 
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structural aberrations? ( chapter VI-VIII) 

Is the elevation of the serum tumor marker lactate dehydrogenase 
isoenzyme 1 in testicular germ cell tumors related to the total 
number of copies of the short arm of chromosome 12? (chapter IX) 
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ABSTRACT The ploidy of carcinoma in situ and invasive germ cell tumors of the adult 
testis was compared by DNA flow cytometry. Irrespective of the tumor type with which it was 
associated, the median DNA index of carcinoma in situ was about the same as that of 
seminomas and higher than the DNA index of invasive nonseminomatous germ cell tumors. 
These data indicate that seminoma and carcinoma in situ cells are not only phenotypically 
similar but also have the same ploidy. 

INTRODUCTION 

In a previous DNA flow cytometric study we reported that testicular 
nonseminomatous germ cell tumors (fNSGCTs) have a lower ploidy than 
testicular seminomas as evidenced by a lower DNA index (DI) that was 
hypertriploid for seminomas and in the hypotriploid range for TNSGCTs 
(Oosterhuis et al. , 1989). The DI of seminomatous and nonseminomatous 
components in combined tumors was not significantly different from that of 
their pure counterparts. Based on the difference in ploidy we speculated that 
tumor progression in testicular germ cell tumors might be associated with a 
net nonrandom loss of chromosomes. This hypothesis fits into the model 
suggested by Ewing and Friedman (Ewing, 1911; Friedman, 1951) in which 
TNSGCTs pass through a seminoma stage during their development, in 
contrast to the model suggested by Pierce and Abell (Pierce and Abell, 1970) 
in which these histological entities develop separately (Damjanov, 1989). 
Since our study did not include ploidy of carcinoma in situ (CIS), the 
precursor lesion of testicular germ cell tumors (Skakkebrek, 1987), we 
performed a flow cytometric study on predominantly archival material of a 
larger number of germ cell tumors of the adult testis including CIS. The 
ploidy of CIS was compared with the ploidy of the adjacent invasive tumor. 

EXPERIMENTAL DESIGN 

Collection of material 
DNA flow cytometry was performed on primary tumors of 220 

patients with testicular germ cell tumors who presented between 1978 and 
1990. Median age at presentation of patients with pure seminoma was 40 
years, of patients with TNSGCT 26, and of patients with combined tumor 
28 years. The material consisted of 90 seminomas, 86 TNSGCTs, and 44 
combined tumors. Of one seminoma only the adjacent CIS component was 
analyzed. Of the 44 combined tumors, both components were analyzed in 20 
cases, only the seminomatous component in two cases, and only the 
nonseminomatous component in 22 cases. So in total the ploidy of 111 
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seminomatous and 128 nonseminomatous samples was measured. In 55 
tumors total (14 pure seminomas, 25 TNSGCTs, and 16 combined tumors), 
the ploidy of CIS was determined. 

Sampling for DNA flow cytometry 
Of all invasive tumors representative samples were taken for flow 

cytometric analysis. If possible, the ploidy of CIS and of seminomatous and 
of nonseminomatous components of combined tumors were separately 
measured. The method of separate measurement of the components of 
combined tumors was described earlier (Oosterhuis et al. , 1989). CIS was 
found in the residual testicular parenchyma adjacent to the invasive cancer 
and was defined by the presence of intratubular neoplastic gonocytes 
resembling seminoma cells. In most cases the presence of CIS was 
confirmed by positive staining of the tumor cells for placental-like alkaline 
phosphatase (Oosterhuis et al. , 1989). 

Single cell suspensions were made of paraffin blocks in 96 and of 
fresh frozen tissue in 198 samples. 

Histologic classification 
Tumors were classified according to the World Health Organization 

classification (Mostofi and Sobin, 1977). Trophoblastic giant cells were not 
listed separately. The histologic findings are shown in Table 1. 

RESULTS AND DISCUSSION 

Table 2 shows the DNA index, histology, and methods of 
preparation. The latter does not significantly influence the outcome of the 
ploidy measurement. All samples had aneuploid stemlines apart from a 
seminoma. The median DI of all seminomas and seminomatous components 
in combined tumors (n= 111) was 1.64 and significantly higher than the 
median DI of all TNSGCTs and nonseminomatous components in combined 
tumors (n = 128), which was 1.43. The median DNA index of seminomatous 
and nonseminomatou·s components of combined tumors were not significantly 
different from those of their pure counterparts. The median DI of CIS was 
1. 58; the median DI of CIS in pure TNSGCTs was 1.53, which does not 
differ from that of CIS in seminoma and combined tumors, with median 
DNA values of 1.59 and 1.62, respectively. 
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TABLE 1 .  Histologic findings. . 

Seminomas (n =90) 
TNSGCTs (n = 86) 
ec;yst;te 28 
ec;te 19 
ec 1 3  
ec;ch;yst;te 8 
te 6 
yst;te 3 
ec;yst 2 
yst 2 
ch;te 2 
ec;ch 
ec;ch;te 
ec;ch;yst 
Combined tumors (n =44) 
ec;yst;te;se 16  
ec;se 8 
ec;te;se 7 
te;se 4 
ec;yst;se 3 
yst;te;se 3 
ec;ch;yst;te;se 2 
ec;ch;yst;se 

* TNSGCT =testicular nonseminomatous germ cell tumor; ec =embryonal carcinoma; yst=yolk 
sac tumor; te =teratoma; ch =choriocarcinoma; se = seminoma 

TABLE 2 .  Median DNA index, histology and methods of preparation. 

Total Fresh Paraffin Pure tumor Part of 
(range) (n) (n) (n) Combined 

Tumor 

CIS (n =55) l .58 1
•

2(1 . 37-2.38) 1 .55(25) 1 .64(30) 
-Seminomas 1 .59 ( 1 .44-2 .38) 1 .59( 4) 1 .59( 10) 
-Combined tumors 1 .62 ( 1 .48-2. 13) 1 .6 1 (  7) 1 .64( 9) 
-TNSGCTs 1 .53 ( 1 . 37-2.26) 1 .50( 14) 1 .67( 1 1 ) 

Seminomas (n = 1 1 1 ) l .643
•

2( 1 .00-3 .08) 1 .6 1 (94) 1 .70( 17) 1 . 63(89) 1 .65(22) 

TNSGCTs (n = 128) 1 .43 1
•

3( 1 . 1 1 -3 .52) 1 .43(79) 1 .43(49) 1 .43(86) 1 .43(42) 

* CIS =carcinoma in situ ; TNSGCT = testicular nonseminomatous germ cell tumor; 
1
• 

3 p < 0.02; 2 not significant 
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TABLE 3. Presence of hypertetraploid DNA values and multiple 
stemlines in carcinoma in situ, seminomas and nonseminomatous germ 
cell tumors.• 

HISTOLOGY n n Tumors with n Tumors with presumptive 
DI > 2.20 (%) multiple stemlines ( % ) 

Carcinoma in situ 55 3 (5%) 1 (2%) 

Seminoma 1 1 1  1 5  ( 14%) 3 (3 %) 

TNSGCT 128 1 7  ( 1 3%) 10 (8 %)' 

* differences are not significant; DI=DNA index; TNSGCT=testicular nonseminomatous germ 
cell tumor; 11: eight of these 10 tumors showed a stemline with DI > 2.20 

The ploidy of CIS was similar to that of the associated seminoma 
either in pure seminomas or as a part of a combined tumor. Except for the 
hypertetraploid tumors (DI > 2. 20), in pure TNSGCTs the ploidy of CIS 
was usually higher compared with that of its invasive lesion. Apart from the 
hypertetraploid cases the difference is highly significant (p < 0.001). 
Similarly, in combined tumors the DI of nonseminomatous components was 
usually lower than that of the related CIS (p < 0.02). The ploidy of 
seminomatous components in combined tumors was higher compared with 
that of the nonseminomatous components (p < 0.02). The pooled DNA index 
of all measured tumor components are shown in Figure 1. Differences in DI 
between CIS and TNSGCTs and of seminomas and TNSGCTs were 
significant (both p < 0.02). The median ploidy values of CIS and seminomas 
were not different. In 14% of the seminomas and 13% of the TNSGCTs a 
hypertetraploid stemline with DI > 2.20 was found, compared with 5% of 
CIS (Table 3). However, this difference was not significant. Multiple 
stemlines were not found more often in TNSGCTs than in seminomas or 
CIS. In most cases of TNSGCTs, one of both stemlines had a DI of > 2.20 
(Table 3). 

In all, the ploidy of CIS and its invasive component, including the 
seminomatous and nonseminomatous components of combined tumors, could 
be measured in 61 cases. The results are shown in Table 4. In six TNSGCTs 
and three seminomas the ploidy of the invasive tumor was well above 
tetraploid values (DI > 2.20). CIS was hypertetraploid in three cases. The 
DI of CIS was higher than the DI of the adjacent invasive component 
significantly more often in TNSGCTs than in seminomas. 
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FIGURE 1. 

DNA index carcinoma in situ and invasive 

components 
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Fig 1 .  Scatter plot of D I  of all measured samples of carcinoma in situ , seminoma and 
(T)NSGCT. Each square represents one sample. Median DI of carcinoma in situ ( 1 .58) is about 
the same as that of seminoma ( 1 .64) and significantly higher than that of TNSGCTs ( 1 .43 ; 
p < 0.02) .  Median DI of seminomas is significantly higher than that of TNSGCTs (p < 0.02). 

The results of this study emphasize the highly aneuploid nature of 
CIS as well as that of seminomas and TNSGCTs. The ploidy of CIS is 
significantly higher than that of TNSGCTs and similar to that of seminomas 
(Fig. 1). Comparing the DI of CIS with that of its associated invasive 
counterparts, we find that ploidy of CIS is usually higher than that of 
TNSGCTs and in most of the cases similar to that of seminomas (Table 4). 
In pure TNSGCTs, in most cases ploidy of the invasive component was 
lower compared with that of CIS. This difference is even more obvious if 
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the hypertetraploid cases are discarded. 
Vos et al . (Vos et al., 1990) found chromosome numbers of CIS in 

the triploid range in patients with invasive cancer. Aneuploidy, with most 
cells having more than 50 chromosomes, was reported in a patient with CIS 
without invasive cancer (Lehmann et al., 1986). In a study on eight infertile 
patients with CIS without invasive tumor, Muller and Skakkebrek (Muller 
and Skakkebrek, 1981) found ploidy values in the hypertriploid to tetraploid 
range using microspectrophotometry. The lower median Dl of CIS measured 
by us (median DI= 1.58) in patients with invasive cancer might be due to net 
loss of chromosomes from the tetraploid range in the time elapsed between 
polyploidization of the preinvasive lesion and the clinical manifestation of an 
invasive tumor. CIS is mitotically active, allowing the lesion this type of 
karyotypic evolution (Vos et al., 1990; unpublished data). 

The cells of seminoma and CIS are very similar indeed. They have 
the same morphology both on the light microscopic and the ultrastructural 
level, and they share surface antigens, such as placental-like alkaline 
phosphatase (J0rgensen et al., 1990). In this study we have demonstrated that 
cells of seminomas and CIS have in most instances the same ploidy. With 
regards to ploidy, CIS adjacent to seminomas is not different from CIS 
adjacent to TNSGCTs. Thus our ploidy data support the view that 
seminomas and TNSGCTs have a similar precursor lesion. 

TABLE 4. Comparison of DNA index of carcinoma in situ and its 
associated invasive component, including seminomatous and 
nonseminomatous components of combined tumors .• 

Component DI of CIS compared with invasive GCT 

higher similar lower 

Seminoma (n =21) 21  15  ( 1 )  [ l ]  4 (2) 

TNSGCT (n =40) 191 [2] 15 6 (6) 

* Values in parentheses are number of invasive tumors with DI > 2.20. Values in brackets are 
number of CIS with DI > 2.20. High DI of tumor cells of these lesions suggests that they have 
undergone an additional polyploidization step. DI =DNA index; CIS=carcinoma in situ; 
TNSGCT=testicular nonseminomatous germ cell tumor; 1 p < 0.005 
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METHODS 

DNA Flow cytometry and evaluation of DNA profiles 
Methods of preparation of paraffin-embedded tissue or fresh frozen 

tissue were based on methods described by Hedley and Vindel0v (Hedley et 
al. , 1983 ; Vindel0v et al. , 1982), and were described previously (Oosterhuis 
et al., 1989). 

Ploidy was expressed by DI (Hiddemann et al . ,  1984), which is the 
ratio between modal GO/G 1 peak of aneuploid cells divided by the modal 
GO/G 1 peak of the diploid normal cells. By definition, a diploid cell 
population has a DI of 1.00. DNA profiles with coefficient of variance of 
> 10% were not included in this study. 

Aneuploid stemlines were considered multiple in different samples 
when the difference between both peaks exceeded 10% .  In cases of multiple 
stemlines the peak with the highest percentage of aneuploid cells is 
considered to be the main stemline. 

Statistical analysis 
Statistical analysis was performed by Wilcoxon sign-rank test for 

paired samples. Fisher's exact test was used for 2x2 contingency tables. 
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ABSTRACT We compared the ploidy, proliferative activity and percentage of host cells 
in different histological components of testicular nonseminomatous germ cell tumors 
(fNSGCTs) . The only difference in ploidy was a higher DNA index of embryonal carcinomas 
compared to the other, pooled, nonseminomatous components. The more malignant components 
had a higher percentage of S-phase cells. The percentage of host cells was similar in all 
histological components. Our data suggest that in TNSGCTs differentiation from embryonal 
carcinoma cells towards embryonal or extra-embryonal differentiation lineages might be 
associated with a net loss of chromosomes. Embryonal carcinomas may also undergo a second 
polyploidization step. 

INTRODUCTION 

Virtually all testicular germ cell tumors of adults and adolescents are 
highly aneuploid (Atkin, 1973; Atkin and Kay, 1979; Barlogie et al., 1983). 
Higher ploidy values are found in testicular carcinoma in situ and seminoma 
compared to testicular nonseminomatous germ cell tumors (TNSGCTs), 
suggesting progression from a seminomatous cell type -either in situ or 
invasive- to a cell with a nonseminomatous phenotype with loss of 
chromosomes critical for germ line differentiation (Oosterhuis et al. , 1989; 
De Jong et al. , 1990; Oosterhuis et al., 1990; De Graaff et al., 1992). 

Most DNA cytometric studies on TNSGCTs have shown that the 
tumor ploidy does not relate to clinical outcome (Sledge et al., 1988; 
Oosterhuis et al., 1989; FossA et al., 1991), except for hypertetraploid to 
hyperpentaploid values (Allhoff et al. , 1990; unpublished results). 

We performed a flow cytometric study on the histological 
components of TNSGCTs. Since we recently found almost identical 
karyotypes of the mature and immature teratoma components of metastases 
of the same TNSGCT (De Graaff et al., 1991a), and in the teratoma and the 
choriocarcinoma component of the same TNSGCT (De Graaff et al. , 1992 
in press), we hypothesized that no differences in ploidy would be found 
.between different components of a mixed TNSGCT. However, more 
malignant components, like embryonal carcinoma (EC) or choriocarcinoma 
(CH) (Oosterhuis, 1983 for review), might have a higher percentage of 
aneuploid cells, and a smaller percentage of diploid host cells than the less 
malignant ones. This has been found for osteosarcoma, in which prognosis 
is related with the percentage of diploid cells including host cells (Look et 
al., 1988). Also higher fractions of aneuploid cells in the S-phase in the 
more malignant components might be expected, because higher proliferation 
rate in testicular tumors has been suggested to be associated with worse 
prognosis (Sledge et al., 1988). We also studied the presence of multiple 
aneuploid stemlines in the tumors, since their presence has been associated 
with more malignant clinical behavior in TNSGCTs (unpublished results) and 
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other malignancies (Merkel et al. , 1987 for review). 

MATERIALS AND METHODS 

Patients 
DNA flow cytometric analysis was done on the primary tumor of 

1 18 patients who were treated at the University Hospital of Groningen, The 
Netherlands, for a TNSGCT in the period 1981-1989. Age of presentation 
ranged from 16 to 67 years (median 27 years). 

Histological examination 
The tumors were classified according to the World Health 

Organization-classification (Mostofi and Sobin, 1977). 

Flow cytometric DNA analysis 
Flow cytometric DNA analysis was performed on fresh/frozen 

samples, checked for the presence of the histological components identified 
in a tumor on the basis of thorough histological examination including 
hematoxylin and eosin (H&E)-stained slides and immunohistochemistry for 
alfa-fetoprotein, human chorionic gonadotropin and cytokeratin. Additional 
paraffin blocks were used in those cases in which no fresh/frozen samples 
were available, and in those cases in which not all histological components 
were present in the fresh/frozen sample. Whenever possible, components of 
tumors of mixed histology were also separately measured by analyzing 
separate fresh/frozen samples or by carving the paraffin blocks so as to 
isolate the individual components. 

The methods of preparation were previously described (Oosterhuis 
et al. , 1986), and were based on methods developed by Vindele'>v for 
fresh/frozen tissue (Vinde10v et al. , 1982), and Hedley for paraffin
embedded tissue (Hedley et al. , 1983). Samples were analyzed with the 
Ortho ICP 22 flow cytometer (37%) and the FACSstar 440 flow cytometer 
(63%). The mean number of analyzed samples was 1.6 per tumor. The Way 
of interpretation of the graphs was described previously (Oosterhuis et al. , 
1989). The mean coefficient of variation (CV) of the diploid G0/G 1 peak 
was 5.4% , 4.6% for fresh/frozen, 6.9% for paraffin-embedded samples. 
Five tumors with a CV > 10% were excluded from analysis. The large CV 
was most probably due to a technical failure or poor quality of the tissue, 
but was not caused by the presence of a near-diploid stemline, since (near-) 
diploid germ cell tumors in adult and adolescent males are extremely rare 
(Atkin, 1973; Atkin and Kay, 1979; Barlogie et al. , 1983; Oosterhuis et al. , 
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1989; De Jong et al., 1990). Neither the type of material, or cytometer, nor 
the number of measured samples per tumor did influence the DNA values 
or the number of stemlines. 

From all primary tumors the ploidy, expressed as the DNA index 
(DI, which is the ratio of the DNA content between tumor cells and diploid 
G0/G 1 cells), and the number of aneuploid stemlines were determined. By 
definition, the DI of diploid cells is 1.00 (Hiddemann et al., 1984). In the 
case that distinct aneuploid peaks were measured in separate components of 
the same tumor, they were considered significantly different, when there was 
a difference in DI of at least 10% between both measurements. The 
seminoma component of combined tumors most often has a separate stemline 
from the nonseminomatous component, most often with a higher DI 
(Oosterhuis et al., 1989). The seminoma stemline was not included in the 
number of stemlines of the TNSGCT, because the seminoma component 
does not adversely affect the prognosis of combined TNSGCTs. 

Calculation of the percentage of aneuploid cells and S-phase cells 
was only possible on DNA graphs obtained from fresh/frozen samples, 
because of the poor definition of the areas under the curve (AUCs) of 
paraffin-embedded samples (Merkel and McGuire, 1990). The percentage of 
aneuploid cells was calculated by dividing the AUC of the aneuploid cells by 
the total AUC of the tumor and host cells. The rectangle enclosed by the 
G0/1- and G2/M-phase of the aneuploid cells, was considered to represent 
the tumor cells in S-phase. By dividing this area by the total AUC of the 
aneuploid cells, the percentage of S-phase cells was estimated. This was not 
done when no clear aneuploid G2/M peak was visible, or when a clear G2 
peak of euploid cells interfered with the aneuploid S-phase. 

Statistical analysis 
Statistical evaluation of the data was done by the two-sided Mann

Whitney U test. Analysis of 2x2 contingency tables was performed using a 
two-sided Fisher's exact test. Differences were considered significant with 
p < 0.05. 

RESULTS 

Table 1 shows the histological data of the TNSGCTs of 1 13 patients. 
Except for two cases, all DNA profiles showed a clear aneuploid stemline 
with median DI= 1.43 (range 1.00-3.58). The median percentage of 
aneuploid cells was 63 (range 20-94), the median percentage of S-phase cells 
was 28 (range 7-42). The DI was not correlated with either percentage of S-
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phase cells or percentage of aneuploid cells. 

TABLE 1 .  Histologic findings or patients who presented with non
seminomatous germ cell tumor or the testis (n = 113). * 

HISTOLOGY 

EC;YST;TE 

EC;YST;TE;SE 

EC;TE 

EC 

EC;CH;YST;TE 

EC;SE 

TE 

EC;TE;SE 

EC;YST;SE 

YST;TE;SE 

YST;TE 

TE;SE 

EC;YST 

CH;TE 

YST 

EC;CH;YST;TE;SE 

EC;CH;YST;SE 

EC;CH;TE 

EC;CH 

NUMBER 

27 (24%) 

1 5  ( 1 3%)  

14 ( 12%) 

10 ( 9%) 

8 ( 7%) 

6 ( 5%)  

6 ( 5 %) 

5 ( 4%) 

3 ( 3%)  

3 ( 3%)  

3 ( 3 %) 

3 ( 3 %) 

2 ( 2 %) 

2 ( 2%) 

2 ( 2%) 

1 ( 1 %) 

1 ( 1 %) 

1 ( 1 %) 

1 ( 1 %)  

* EC =embryonal carcinoma; YST=yolk sac tumor; TE=teratoma; SE =seminoma; 

CH =choriocarcinoma 

Of 30 teratomas (TE), 31 EC, 10 yolk sac tumors (YST) and 4 CH 
samples (either pure tumors or pure areas isolated from mixed tumors) the 
cellular DNA content was measured (Fig. 1). The median DI of all analyzed 
components was 1.44. The DI of pure tumors did not differ from the DI of 
pure areas with the same histology isolated from mixed tumors (Table 2). 
We found a statistically significantly higher DI in Et, with median 
DI= 1.54, compared to the other nonseminomatous components, with median 
DI= 1.40 (p < 0.01). Even by exclusion of hypertetraploid stemlines (DI 
> 2.00), which might be more often found in EC (Fig. 1), the same results 
were found (p < 0.01). Comparing the DI of EC with the separate 
histological components, the only significant difference found was a higher 
DI of EC compared to TE, with median DI= 1.38 (p < 0.01). The group of 
EC contained more tumors which had a hypertetraploid stemline, compared 
to TE. However, this difference was not significant (p= 0.06). After 
exclusion of these stemlines, the difference in DI between EC (median 
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DI= 1.50) and TE (median DI= 1.38) was still significant (p < 0.01) . 
Correspondingly, the DI of EC was more often higher than the 10th 
percentile of the median DI of all tumor components, compared to TE 
(Fig. I, p < 0.05). 

FIGURE 1 .  

DNA index and h istolog ical components. 
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Fig 1 .  The figure shows the median DNA indices. The bars indicate the 10th percentile of the 
total median value DI= 1 .44. # p < 0.01 ; TE =teratoma; EC = embryonal carcinoma; 
YST =yolk sac tumor; CH =choriocarcinoma. 
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TABLE 2. Median DNA indices of histologically pure tumors or pure 
areas isolated from mixed tumors. 

HISTOLOGICAL FRESH/FROZEN MEDIAN DNA INDICES 
COMPONENT SAMPLES pure tumors1 mixed tumors 

teratoma 43% 1 .42 ( 9) 1 . 38 (21 )  

embryonal carcinoma 52% 1 .56 ( 16) 1 .54 ( 15) 

yolk sac tumor 40% 1 .44 ( 2) 1 .43 ( 8) 

1 Nonseminomatous germ cell tumors containing one nonseminomatous component 

TABLE 3 .  Tumors with two stem lines in the nonseminomatous part of 
t he primary tumor.* 

CASE HISTOLOGY 

1 TE 
2 EC;YST;TE;SE 
3 EC;YST;TE;SE 
4 EC;YST;TE;SE 
5 EC;YST;TE 
6 EC;YST 
7 EC;YST;TE 
8 EC;YST;TE 
9 EC 
10 EC;YST;SE 

STEMLINES 
Dll D/2 

1 .3 1 1 .95 
1 .43 2.39 
1.52 2. 33 
1 .63 1 .42 
2. 17 1 .27 
2.36 1 .26 1 

2.43 1.47 
2.54 1 .5 1  
2.55 1 .45 
3.07 1 .30 

Dlseminoma 

1 .47 
1 .62 
n.m. 

1 .70 

* TE =teratoma; EC=embiyonal carcinoma; YST=yolk: sac tumor; SE =seminoma; n.m. =not 
measured; 1 the DNA profile showed clear G2 peaks of both stemlines 

In 10 cases, DNA profiles showed two aneuploid. stemlines, as is 
shown in Table 3 .  The presence of two stemlines correlated to the presence 
of both components EC and YST in the primary tumor (Table 4, p < 0 .05). 

Calculation of the S-phase fraction was possible in 37 of the 1 13 
tumors. In mixed tumors with teratoma as one of the components (n = 27) the 
S-phase fraction was smaller compared to tumors lacking a teratoma 
component (Fig. 2a, n= 10, p < 0.01). The S-phase fractions of pure TE 
(n= 5), EC (n= 13) and YST (n=6) are shown in Figure 2b. Differences in 
S-phase fractions between the three histological components were statistically 
significant. 

Calculation of the percentage of aneuploid cells was possible in 14 
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TE, 16 EC and 7 YST (Fig. 2b). No differences were found between the 
histological components. 

FIGURE 2a 

S-phase fraction and h istology.  
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The goal of this study was to investigate whether different 
histological components of TNSGCTs differ in ploidy, presence of multiple 
aneuploid stemlines, fractions of aneuploid cells and fractions of S-phase 
cells. 
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The consistent aneuploidy of TNSGCTs (98 % ), found by us, is in 
accordance with the 93% found by Barlogie (Barlogie et al. , 1983). The 
finding of high percentages of S-phase cells, ranging from 7 to 42 % , are 
also in keeping with data from others with ranges from 10 to 30 % 
(Zimmerman and Truss, 1980), and 7 to 62% (FossA et al. , 1991). 
Apparently, TNSGCTs have a high proliferation fraction. We did not find 
a correlation between percentage S-phase cells and DI, which reportedly may 
be found in solid tumors (Barlogie et al. , 1983). 

TABLE 4. Number of stemlines in the nonseminomatous part of the tumor, 
presence of both embryonal carcinoma and yolk sac tumor components. 

NUMBER OF 

STEMLINES 

One 

Two 

HISTOLOGY 

EC+IYST+1 

49 

8 
p < 0.05 

other 

54 

2 

1 EC +/YST+ tumors showing both embryonal carcinoma and yolk sac tumor 

TNSGCTs have a lower cellular DNA content compared to 
seminomas (Martineau, 1969; Atkin, 1973; Delozier-Blanchet et al. , 1987; 
Oosterhuis et al. , 1989) and to carcinoma in situ (De Graaff et al. , 1992), 
suggesting that seminomas form an intermediate stage between the precursor 
lesion and TNSGCTs, and that tumor progression in testicular germ cell 
tumors might result from a net loss of chromosomes (Oosterhuis et al. , 
1989; De Jong et al. , 1990). It is generally accepted that EC cells are the 
stem cells of the other nonseminomatous components. Differentiation might 
occur through an embryonal lineage of differentiation (resulting in TE), or 
an extra-embryonal lineage of differentiation (resulting in YST or CH). The 
results of this study show a higher DI in EC compared to the other 
nonseminomatous components, which is most obvious in the comparison 
between EC and TE. The development of embryonal or extra-embryonal 
tissues from EC cells might be associated with a net loss of chromosomes, 
as has been suggested for the transition from either carcinoma in situ or 
seminoma to TNSGCTs (Oosterhuis et al. , 1989; De Graaff et al. , 1992). 
In a cytogenetical study on three EC and two tumors containing 
predominantly TE, no differences in modal chromosome numbers were 
found (Gibas et al. , 1986), which seems in contrast with our results. 
However, this study comprised only five tumors. 
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F IGURE 2b� 

Aneuploid cel l-, S-phase fraction and 

h istolog ical components. 
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Fig 2b. Differences in percentages of aneuploid cells between histological components were not 
significant. Differences in percentages of S-phase cells were significant: # p < 0.01 ; & and $ 
p < 0.02; TE =teratoma; EC =embryonal carcinoma; YST=yolk sac tumor. 

We found recently that different nonseminomatous components 
within the same TNSGCT may have almost identical karyotypes (De Graaff 
et al. , 1991 a; De Graaff et al. , 1992 in press), suggesting that the 
development of a differentiation lineage within nonseminomatous components 
is not associated with gross chromosomal changes. In these studies, 
however, the nonseminomatous component EC was not cytogenetically 
analyzed. Probably in TNSGCTs epigenetic factors, more subtle cytogenetic 
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changes or host factors are also responsible for the development of 
embryonal or extra-embryonal differentiation lineages (Heppner, 1984). 

Hypertetraploid stemlines were not significantly more often found in 
EC, compared to TE, or YST. This is also shown by the correlation between 
the presence of two stemlines in the tumor and the presence of the 
nonseminomatous components EC and YST. In most of these multiploid 
tumors one of both stemlines had a DI > 2.00. This is in accordance with 
the suggestion that TNSGCTs with a hypertetraploid stemline show a more 
malignant clinical behavior (Allhoff et al. , 1990; unpublished results). Since 
these Dis are about twice the median DI (in keeping with the chromosome 
numbers in the five cases which were karyotyped (Castedo et al. , 1989), it 
is highly likely that these tumor cells have undergone an extra step of 
polyploidization, with subsequent further loss of chromosomes. 

One such host factor, the percentage of host cells, measured as the 
percentage of diploid cells in the tumor, is not different within the different 
histological components. All components have a similar range of percentages 
of host cells. This is in contrast to results of a flow cytometric study on the 
clinical behavior of osteosarcoma of an extremity (Look et al. , 1988), in 
which a favourable clinical outcome is associated with (near-) diploid cell 
populations, including host cells in the primary tumor. 

The higher S-phase fractions of EC and YST compared to TE, are 
in keeping ·with the described worse prognosis of testicular tumors with a 
high proliferation rate (Sledge et al. , 1988). The smaller S-phase fractions 
of tumors with TE as one of the components, compared to tumors without 
TE, is in accordance with the lower metastatic potential of tumors containing 
TE (De Graaff et al. , 1991b). Apparently, "less differentiated" components 
of TNSGCTs have a higher proliferation fraction, which corresponds e.g. 
to the reported correlation between high S-phase fractions and high grade in 
lymphomas (Barlogie et al. , 1983 for review). 
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ABSTRACT A case is described of which the mature and immature teratoma components 
of metastases of the same testicular nonseminomatous germ cell tumor were kacyotyped. The 
highly similar kacyotypes of both components suggest that the phenotypic difference is 
predominantly epigenetically determined. 

INTRODUCTION 

Testicular nonseminomatous germ cell tumors (TNSGCTs) form a 
phenotypically heterogeneous group of tumors. The different directions of 
differentiation might be determined genetically or epigenetically, or by a 
combination of both. Different histologic components within TNSGCTs 
usually have the same cellular DNA content, indicating that the karyotypes 
might be very similar as well (Oosterhuis et al., 1989; Sledge et al., 1987; 
FossA et al., 1985). Only the seminoma component of mixed TNSGCTs 
( combined tumors according to the British classification) has a different 
DNA content (Oosterhuis et al., 1989) and a different karyotype (Castedo 
et al., 1989a; Castedo et al., 1989b). 

We separately karyotyped residual mature teratoma (RMT) and 
immature teratoma, derived from two retroperitoneal metastases of a 
TNSGCT after chemotherapy. We compared the chromosomal pattern of the 
histologic components in order to reveal whether differences in 
differentiation are due to specific differences in chromosomal pattern or are 
largely epigenetically determined. 

CASE REPORT 

A 30-year-old male presented with a tumor of the left testicle. The 
levels of the serum markers were unknown. After orchidectomy, pathologic 
examination revealed a nonseminomatous germ cell tumor consisting of 
embryonal carcinoma, small foci of mature teratoma, and yolk sac tumor. 
The surrounding testicular tissue showed extensive carcinoma in situ. 

Clinical staging revealed enlarged retroperitoneal lymph nodes and 
elevation of the serum markers human chorionic gonadotropin (HCG) and 
alfafetoprotein (AFP). After four remission-induction cycles of platinum
based chemotherapy, HCG level normalized. AFP levels initially decreased 
but subsequently increased. Two residual retroperitoneal lesions were 
surgically removed. The patient was treated with second line chemotherapy 
after which AFP normalized. Seven months after chemotherapy the patient 
is alive with no evidence of disease. 

Pathologic examination of the first metastasis showed two nodules. 
The first consisted of granular, white, partly necrotic tis"sue; the second 
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consisted of cysts. Microscopic examination of frozen sections revealed, 
respective! y, immature teratoma, embryonal carcinoma, and small foci of 
mature teratoma and yolk sac tumor (nodule I, Fig. la), and RMT only 
(nodule II, Fig. lb). The other surgical specimen (nodule III) also consisted 
of RMT only. 

Karyotyping as well as DNA flow cytometry were carried out on the 
three nodules. Of the primary tumor only DNA flow cytometry was done. 

MATERIALS AND METHODS 

The nodules were harvested for chromosomal analysis after separate 
short-term tissue culture. For a better cytogenetic comparison of the nodules, 
we used composite karyotypes of modal chromosome numbers. 

Flow cytometric analysis was done on representative fresh samples 
of both metastases and primary tumor. The methods have been described 
previously (Oosterhuis et al., 1986). DNA content is expressed as a DNA 
index (DI), i.e. the ratio between tumor cells and diploid G 1 cells (a diploid 
cell has a DI= 1.00) (Hiddemann et al., 1984). Two peaks are considered 
significantly different if the difference in DI is > 10% (Oosterhuis et al., 
1989). 

RESULTS 

Cellular DNA content 
The DNA contents of nodule I and the nodules consisting of RMT 

only (nodules II and III) showed a similar single aneuploid peak, respectively 
with DI= 1.37 (Fig. 2a), DI= 1.33 (Fig. 2b), and with DI= 1.38 (Fig. 2c). 
The primary tumor showed an aneuploid peak with DI= 1.32 ,  not 
significantly differing from that of the metastases. 

Karyotypes 
From nodule I ten metaphases were analyzed. The number of copies 

per chromosome found in the metaphases of this metastasis is shown in 
Table la. We composed the following modal karyotype: 

62,XY, + X, +2 ,  +6, + 7 ,  +8, + 9, + 10, + 12, + 13 ,-14,-18, +2 1, 
+der(l)t( l ; l)(p 13;ql l), +del(3)(p 13), + i( l2p), + i(12p), 
+der(l2)(12; 17)(q 12;q 12), +der(14)t( l4;?)(p 13;?), 
+der(18)t(3; 18)(p 13/p14?;p 1 1.3), +der(20)t(20;?)(p 12;?). 
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Fig. la . Nodule I, consisting of mixed histology , predominantly immature teratoma: 
incompletely differentiated tissue. 

Fig. lb. Nodule II, cons1stmg of residual mature teratoma only: cysts lined by fully 
differentiated cylindrical and cuboidal epithelium. Nodule III showed a similar histologic 
picture. 
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Fig 2. DI= DNA index; trbc= trout red blood cells; T=tumor. 

Fig. 2a. DNA flow graph of nodule I. 

Fig. 2b. DNA flow graph of nodule II. 

Fig. 2c. DNA flow graph of nodule III. 
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From nodules II and III, both consisting of RMT only, respectively 
11 and 10 metaphases were analyzed. Table lb shows the number of copies 
per chromosome of nodule II, Table le of nodule III. We made the 
following composition karyotypes: 

Nodule II: 
62,XY, +X, + 2, +6, + 7, +9, + 10, + 12, + 13,-14, + 17,-18, + 21, 
+ dic(X; l )(Xpter�Xql 1: :? :  : l p13�1qter), 
+ dic(l ;2 l )(p13;pl3), + del(3)(p13), + i(12p), + i(12p), 
+ der(14)t(l4;?)(p 13;?), + der(l 8)t(3; 18)(p 13/p14?;pl 1. 3), 
+ der(20)t(20;?)(p12;?). 

Nodule III: 
63,XY, + X, + 2, + 3, -5, +6, + 7, + 8, +9, + 10, + 12, + 13,-14, + 17, 
+ 21, +21, + del(l)(p l  1), + dic(5;5)(p15.3;p15.3), + i(l 2p), + i(12p), 
+ der(14)t(l4;?)(p 13;?), +der(20)t(20;?)(p 12;?). 

Figure 3a shows a representative karyotype from nodule I, Figures 
3b and 3c, respectively, from the nodules II and III. In Figure 3b the del(lO) 
is not clonal. 

DISCUSSION 

This study describes the comparison of the modal karyotypes and 
cellular DNA content of nodules containing RMT only and a nodule of 
mixed histology, consisting predominantly of immature teratoma. 

The cellular DNA content and modal chromosome numbers of the 
three nodules are within the same range. Comparing the cytogenetic findings 
of the nodules consisting of RMT only with the nodule with mixed histology, 
no major differences in chromosomal pattern are found. The only numerical 
difference is the avarage excess of one copy of chromosome 17 in the RMT 
component. Furthermore, more structural changes of chromosome 12 are 
found within the first nodule compared to the other two. 

The data are in agreement with our previous observation that the DI 
of different components of TNSGCTs is usually similar, apart from the 
seminoma component in combined tumors, which has a higher DI than the 
nonseminomatous components (Oosterhuis et al. , 1989). The findings seem 
to suggest that the various differentiation lineages in TNSGCTs are not 
associated with gross chromosomal differences. 
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Table la. Copies and modal numbers per chromosome of nodule I, consisting 
predominantly of immature teratoma. 

CHROMOSOME 
1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  13 1 4  1 5  16 1 7  1 8  1 9  20 2 1  22 X Y i ( 1 2p) 

2 3 1 2 2 2 3 3 3 3 2 3 3 0 2 2 2 1 2 2 3 2 2 1 2 
2 3 2 2 2 3 3 3 3 3 2 3 3 1 2 2 2 1 2 2 3 2 2 1 2 
2 3 2 2 2 2 3 3 3 3 2 3 3 1 2 2 2 1 2 2 3 2 2 1 2 
2 3 2 2 2 3 3 3 3 3 2 3 3 1 2 2 3 1 2 2 3 2 2 1 2 
2 2 1 3 2 2 2 3 3 2 2 2 2 1 2 2 2 1 2 1 2 2 2 1 2 
2 3 2 2 2 2 2 3 3 3 2 3 3 1 2 2 2 1 2 2 2 2 2 0 2 
2 2 2 1 2 3 2 2 2 3 3 2 3 1 2 1 2 1 2 1 2 2 2 1 2 
2 3 2 2 2 2 3 3 2 1 2 3 2 1 2 1 2 1 2 2 3 2 2 1 2 
1 3 2 2 1 3 2 2 3 1 1 3 3 0 2 1 3 1 2 2 3 2 1 1 1 
2 3 2 2 2 3 3 3 3 3 3 2 3 1 2 2 2 1 2 1 3 2 2 1 2 

moda l 2 3 2 2 2 2½ 3 3 3 3 2 3 3 1 2 2 2 1 2 2 3 2 2 1 2 

TOTAL 
NUMBER 

60 
63 
60 
62 
59 
62 
58 
59 
62 
61 

62 
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Table lb. Copies and modal numbers per chromosome of the nodule II, containing 
mature teratoma only. 

CHROMOSOME TOTAL 
1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  16 1 7  1 8  1 9  20 2 1  22 X Y i ( 1 2p) NUMBER 

2 3 2 2 2 3 3 2 3 3 3 3 2 1 2 2 3 1 2 1 3 2 2 1 2 61 
2 3 2 2 2 3 3 2 3 3 2 3 3 1 2 2 3 1 2 2 3 2 2 1 2 62 
2 3 2 2 2 3 3 2 3 3 2 3 3 1 2 2 3 1 2 2 3 2 1 1 2 63 
2 3 2 2 2 3 2 3 3 2 2 2 3 1 2 2 2 1 2 2 3 2 2 1 2 60 
2 3 2 2 2 3 3 2 3 3 2 2 3 1 2 2 3 1 2 2 3 2 2 1 2 61 
2 3 2 2 2 3 3 2 3 2 2 3 3 1 2 1 3 1 2 2 3 2 2 1 2 61 
2 3 2 2 2 3 3 2 3 3 2 3 3 1 2 2 3 1 2 2 3 2 2 1 2 62 
2 3 2 2 2 3 3 2 3 3 2 3 3 1 2 2 3 1 2 2 3 2 2 1 2 62 
2 2 1 1 2 3 2 2 3 3 2 3 2 1 1 1 2 1 2 1 3 3 2 1 2 58 
2 3 2 2 1 3 3 2 3 2 2 3 3 1 2 2 3 1 2 2 3 2 2 1 2 62 
2 3 2 2 2 3 3 2 3 3 2 3 3 1 2 2 3 1 2 2 3 2 2 1 2 62 

moda l 2 3 2 2 2 3 3 2 3 3 2 3 3 1 2 2 3 1 2 2 3 2 2 1 2 62 
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Table le. Copies and modal numbers per chromosome of the nodule III, containing 
mature teratoma only. 

CHROMOSOME TOTAL 

1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 21 22 X Y i ( 1 2p) NUMBER 

2 2 3 2 1 2 2 3 3 2 1 3 3 1 2 2 3 1 2 2 3 2 2 1 2 54 
1 2 3 2 1 3 3 3 2 3 2 2 3 1 2 2 3 2 2 2 3 2 2 1 2 60 
2 2 3 2 1 2 2 3 3 4 2 3 3 1 2 2 2 2 2 2 3 2 2 1 2 61 
3 3 3 2 1 3 3 3 2 3 2: 2 2 1 2 2 3 2 1 2 4 2 2 1 2 61 
2 2 3 2 1 3 3 3 3 3 2 3 3 1 2 2 3 2 2 2 4 2 2 1 2 61 
2 3 3 2 1 2 3 3 3 3 2 3 3 1 2 2 3 2 2 2 3 2 2 1 2 62 
1 3 3 2 1 3 3 3 3 3 2 3 3 1 2 2 3 2 2 2 4 1 2 1 2 62 
2 2 3 2 1 3 3 3 3 3 2 3 3 1 2 2 3 2 2 2 4 2 2 1 2 61 
2 3 3 2 1 2 3 3 3 2 2 3 3 1 2 2 3 2 2 2 4 1 2 1 2 60 
2 3 3 2 1 3 4 3 3 3 2 3 3 1 2 2 3 2 2 2 3 2 2 1 2 64 

moda l 2 2½ 3 2 1 3 3 3 3 3 2 3 3 1 2 2 3 2 2 2 3½ 2 2 1 2 61 
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Fig. 3a. Representative kruyotype of nodule I, consisting of mixed histology . 
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Fig. 3b. Representative karyotype of nodule I I ,  consisting of residual mature teratoma only. 
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Fig. 3c. Representative karyotype of nodule III, consisting of residual mature teratoma only. 

The direction of differentiation in TNSGCTs might largely be 
determined by epigenetic factors. However, sub-microscopical differences 
(at the DNA level) between the nodules, or preferential in vitro growth of 
the mature teratoma component of nodule I, might account for the observed 
similarities. 

More cytogenetic studies on different components of TNSGCTs are 
needed to further analyze the role of chromosomal changes in the biology of 
TNSGCTs. 
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ABSTRACT Due to metastatic selection the relatively benign teratoma component of 
mixed testicular nonseminomatous germ cell tumors (TNSGCTs) will be less often found in 
distant, than in regional metastases. This hypothesis was tested in patients with TNSGCTs after 
chemotherapy who initially had presented with metastases in the retroperitoneal lymph nodes 
(RPLN) and in the lungs. Pulmonary metastases after chemotherapy in patients with a primary 
TNSGCT containing a teratoma component (n =26) appeared to be composed of necrosis and/or 
fibrosis (NF) in 62 % and of residual mature teratoma (RMT) in 3 1  % . In contrast, morphology 
of resected retroperitoneal metastases revealed NF in 23 % and RMT in 73 % (p < 0.01) .  
Pulmonary metastases o f  patients presenting with a primary TNSGCT without a teratoma 
component (n = 14) showed NF in all cases. The retroperitoneal metastases of these patients 
showed NF in 86% and RMT in 14% .  Teratoma seems to have a low metastatic potential and 
is only rarely represented in haematogenous metastases. From the clinical point of view, this 
means that residual masses in the lungs after platinum-based combination chemotherapy of a 
patient with a primary TNSGCT without a teratoma component are probably not RMT. 

INTRODUCTION 

Testicular nonseminomatous germ cell tumors (TNSGCTs) usually 
metastasize primarily to the retroperitoneal lymph nodes (RPLN) (Peckham, 
1981; Oosterhuis, 1983). Metastatic tumor cells reach the circulation via 
mediastinal lymphatics and the thoracic duct. The lung is the first target of 
haematogenic metastasis. Involvement of other organs, like brain and liver 
follows lung metastasis (Borski, 1973; Peckham, 1981; Oosterhuis, 1983). 
Some histological components, however, seem to behave in a different 
manner. Choriocarcinoma (CH) preferentially metastasizes directly to the 
lungs via the haematogenic route, bypassing the lymphatics (Borski, 1973; 
Mostofi, 1973; Kaye et al., 1979; Vugrin et al., 1979; Williams and 
Einhorn, 1979). Mature teratoma has a low metastatic potential and most 
probably does not metastasize as such (Jewett and Whitmore, 1976). 

In view of these observations and the model of metastatic selection 
described by Fidler (Fidler, 1978), we hypothesize that the relatively benign 
teratoma component of mixed TNSGCTs will be less often found in distant 
metastases (lung metastases) than in the regional metastases (retroperitoneal 
lymph node metastases). Because in the case of dissemination, metastases of 
testicular cancer are not resected before chemotherapy, we tested this 
hypothesis in patients with TNSGCTs after chemotherapy who had presented 
with both retroperitoneal and lung metastases (clinically stage IV). We have 
assumed that the chemotherapy used in these patients did not eliminate 
mature teratoma, but did destroy other histological components, thus leaving 
only residual mature teratoma (RMT) or necrosis and/or fibrosis (NF) 
(Cheng et al., 1978; Reynolds et al. ,  1981; Donohue et al., 1982; 
Oosterhuis, 1983; Oosterhuis et al., 1983; Maatman et al., 1984; Suurmeijer 
et al., 1984; Vugrin and Whitmore, 1985; Oosterhuis et al., 1986; Donohue 
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et al . ,  1987; Logothetis et al . ,  1987). 

PATIENTS AND METHODS 

Patients 
After orchiectomy, which in most cases had been performed in 

referring hospitals, subsequent examination for staging was·carried out in the 
University Hospital of Groningen in all patients with TNSGCT referred 
during the period from 1977 to 1989. Staging investigations included 
computerized tomography (CT) scanning of chest and abdomen, and 
measurement of the serum tumormarkers a-fetoprotein and human chorionic 
gonadotropin. Staging was done according to the classification proposed by 
Peckham (Peckham, 1981). Patients with dis·seminated disease were treated 
with four remission-induction cycles of platinum-based combination 
chemotherapy . After completion of chemotherapy, all patients were restaged 
with CT scans and determination of marker levels. A clinical complete 
remission was defined as the complete disappearance of all clinical, 
radiological and biochemical evidence of disease for at least 2 years. In 
patients with clinical or radiological residual disease, all residual deposits 
were surgically removed. Patients with a clinical complete remission or with 
a surgicopathologic complete remission were examined at monthly intervals 
for the first year and at bimonthly intervals for the second year. 

In this retrospective study, patients were included if they had 
metastases both in the RPLN and in the lungs before chemotherapy and, 
after chemotherapy, resected residual retroperitoneal and lung disease. Also 
included were patients with resected retroperitoneal residual disease, who 
had a complete radiological remission of the lung metastases for at least 2 
years. We have assumed that, in these patients, the lung metastases did not 
contain teratoma but only other components, which were completely 
eliminated by the chemotherapy. When the follow-up period was less than 
2 years or when charts were incomplete, patients were excluded. Patients 
with a complete radiological remission of RPLN disease and, therefore, not 
undergoing a retroperitoneal lymph node dissection were also excluded, 
because a negative CT scan does not exclude small residual disease in the 
RPLN (Husband et al . ,  1979; Williams et al . ,  1980; Stomper et al . ,  1985; 
Donohue et al . ,  1987; Gelderman et al . ,  1988; FossA et al . ,  1989). 

Hematoxylin and eosin (H&E)-stained tissue sections of the primary 
tumors and dissected metastases were revised under code. The mean number 
of revised H&E stained slides was 9 per specimen, with a range of 1 to 22 . 
The tumors were classified according to the WHO classification (Mostcfi and 
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Sobin, 1977). In primary tumors, no distinction was made between mature 
and immature teratoma. Scattered trophoblastic giant cells and carcinoma in 
situ were not listed separately. 

Statistical analysis of the data was done by a two-tailed chi-square 
test. 

TABLE 1.  Selection of patients who presented with testicular 
nonseminomatous germ cell tumors with both retroperitoneal and lung 
metastases.• 

DISSECTION OF 
METASTASES 

EVALUABLE 

RPLN and LM 19 1 9  

RPLN only 27 21  

None 13  

Total 59 40 

NOT EVALU
ABLE 

3 
3 

7 

2 

19 

REASON FOR 
EXCLUSION 

Follow-up < 2 years 
Incomplete charts 

Clinical complete 
remission 
Death during or shortly 
after chemotherapy 
Tumoractivity after 
chemotherapy 
Refusal of surgery 
Contraindication for 
surgery 
Incomplete charts 

* RPLN=retroperitoneal lymph node metastasis; LM=lung metastasis 

RESULTS 

Fifty-nine patients presented over the last 13 years with a primary 
TNSGCT with both RPLN and pulmonary metastases before chemotherapy. 
Table 1 shows the population studied, and the reasons for exclusion of 
patients. Nineteen patients had residual disease both in RPLN and lungs after 
completion of chemotherapy, which was removed by laparotomy and 
thoracotomy. Twenty-seven patients had resected residual disease from the 
retroperitoneum and a complete radiological remission of the lung metastasis. 
Of these 27 patients, only 2 1  were evaluable, because three patients had a 
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follow-up of less than 2 years and the charts of three patients were 
incomplete. The remaining 13 patients were excluded, because neither 
laparotomy nor thoracotomy was performed for reasons that are listed in 
Table 1. 

Thus, 40 patients could be evaluated in this study. The median age 
of these 40 patients at the time of diagnosis was 29 years (range: 17-43). Of 
this group, 87.5% had mixed germ cell tumors with or without seminoma, 
12.5% had pure embryonal carcinoma (EC). Table 2 shows the histological 
composition of the primary TNSGCTs and the related metastases. Table 3 
is a simplified version of Table 2, focusing on the presence and absence of 
teratoma in the primary tumors and residual lesions. 

TABLE 2. Correlation of morphology of testicular nonseminomatous 
germ cell tumors and postchemotherapy composition of metastases in 
patients with retroperitoneal and lung metastases (N=40): 

METASTASIS 

retroperitoneal lungs CT/ 
histology histology ro 

PRIMARY TUMORS RMT NF other RMT NF other NF 

With teratoma 
SE-EC-TE-YST l(fl) 
SE-EC-TE-CH l (CH) 
SE-EC-TE 
EC-TE-YST-CH 3 3 2 1 
EC-TE-YST 1 1  8 3 3 2 6 
EC-TE-CH 3 2 1 l (CH) 
EC-TE 6 5 1 3 3 

subtotal 26 19 6 1 8 5 2 1 1  

Without teratoma 
SE-EC-YST 4 4 3 
SE-EC 2 2 2 

EC-YST 3 3 2 

EC 5 2 3 1 4 
subtotal 14 2 12 0 0 3 0 11  

Total 40 21 18 1 8 8 2 22 

* CT/ro=CT scan and X-ray; SE=seminoma; EC=embryonal carcinoma; YST=yolk sac 
tumor; TE=teratoma; CH=choriocarcinoma; TI=immature teratoma; RMT=residual mature 

teratoma; and NF =necrosis and/or fibrosis 
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TABLE 3. Correlation of histology of testicular nonseminomatous germ 
cell tumors and the composition of their treated retroperitoneal and lung 
metastases (N=40).• 

PRIMARY TUMOR 

With teratoma 26 

Without teratoma 14 

SITE OF MORPHOLOGY OF METASTASIS 
METASTASIS RMT NF Other 

retroperitoneum 19 (73 % tb 

lungs 8 (3 1 % )be 

retroperitoneum 2 (14%)• 

lungs 

6 (23 %) 

16 (62%) 

12  (86%) 

14 ( 100%) 

1 (4%(' 

2(8 %)'  

- (0%) 

- (0%) 

* RMT=residual mature teratoma; NF=necrosis and/or fibrosis; Statistical analysis by Chi
square test: •= p < 0.0l ; b= p < 0.01 ; " =  p < 0.05 ;  A immature teratoma; ' choriocarcinoma 

in both cases 

Residual mature teratoma in RPLN (p < 0.01) and lungs (p < 0.05) 
is associated with primary tumors with a teratoma component (Table 2). The 
composition of pulmonary metastases after chemotherapy in patients with a 
primary tumor containing a teratoma component (n = 26) appeared to be NF 
in 62 % , only RMT in 3 1  % , and CH in 8 % of the cases. In contrast, the 
composition of retroperitoneal metastases after chemotherapy was RMT in 
73 % , NF in 23 % , and immature teratoma in 4 % of the cases. The 
composition of lung metastases of the 14 patients presenting with a primary 
tumor without a teratoma component was NF in all cases. The related RPLN 
metastases were composed of NF in 86 % and of RMT in 14 % . In patients 
with TNSGCT containing teratoma, the RPLN metastases were significantly 
more often composed of RMT than were the lung metastases (p < 0.01). 
Persistent CH was only seen in the lungs. 

DISCUSSION 

The purpose of this study was to investigate the metastatic potential 
of the teratoma component of TNSGCTs. We did this by comparing the 
presence of RMT and NF in the metastases of RPLN and lungs . The most 
reliable method of investigation, pathological examination of the metastases, 
was not possible in all cases, because in some patients, lung metastases 
showed a complete radiological remission. In these patients, thoracotomy 
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was not indicated. We have assumed that in cases with a complete 
radiological remission, sustained over at least 2 years, the original lung 
metastases had not contained teratoma but only other components eliminated 
by the chemotherapy. 

The results of our study show that, after chemotherapy, the 
composition of pulmonary metastases indeed differs from that of the RPLN 
metastases: mature teratoma is significantly less frequently found in lung 
than in the retroperitoneal metastases. It should be mentioned in passing that 
the two choriocarcinomatous metastases were found in the lungs. It seems 
that tumor cells capable of somatic differentiation have a relatively low 
metastatic potential. A plausible explanation for this phenomenon is offered 
by the concepts of metastatic heterogeneity and selection investigated by 
Fidler (Fidler, 1978). Using, among others, the B16 murine melanoma as 
a model, he demonstrated that malignant tumors contain subpopulations of 
cells with different metastatic potentials. Our results suggest that tumor cells 
which are able to reach the lungs (with high metastatic potential) have less 
capacity for somatic differentiation than those which lag behind in the 
RPLN. The higher metastatic potential and lesser capacity for somatic 
differentiation of the tumor cells in the lungs may be due to tumor 
progression (Nowell, 1986). Genetic and epigenetic factors probably play a 
role in determining the metastatic properties of histological components of 
TNSGCTs. The recently reported less abnormal karyotype of RMT, 
exposing a relatively low metastatic potential, compared to the karyotype of 
the primary TNSGCT, argues for genetic factors (Castedo et al., 1988; 
Castedo et al., 1989). On the other hand, epigenetic factors must play an 
important role in determining the metastatic behavior of histological 
components of TNSGCTs (Mostofi and Price, 1973; Oosterhuis et al., 1983; 
Loehrer et al., 1986). This was vividly demonstrated in a case in which the 
mature teratoma component, which has low metastatic potential, and CH 
component, with high metastatic potential and propensity for hematogenous 
dissemination, of the same tumor had nearly identical karyotypes. Both 
tumor cell clones were apparently derived from the same pluripotent 
embryonal carcinoma cells (De Graaff et al . ,  in press). 

As compared to reports on the histology of RPLN metastases, those 
on pulmonary metastases after chemotherapy are relatively scarce. Some of 
these papers are case reports on the appearance of mature teratoma in the 
lungs (Snyder, 1969; Willis and Hajdu, 1973; Hong et al., 1977). Four 
more recently published larger series give little information about the 
relationship between histology of primary tumors and lung metastases 
(Einhorn et al., 1981; Callery et al., 1983; Loehrer et al., 1986; Horwich 
et al., 1989). It should be mentioned that, in some of these studies, many 

61 



lung metastases after chemotherapy did contain embryonal carcinoma and 
immature teratoma. This was rarely the case in our series. In a study of a 
group of 24 patients who underwent resection of both RPLN and lung 
metastases after chemotherapy, RMT was found in RPLN metastases in 58 % 
and in lung metastases in 42% of the cases (Mandelbaum et al., 1983). 
However, the histological composition of the primary tumors was not 
correlated with the histology of the metastases. These data are in agreement 
with the 19 patients in our series who underwent dissection of residual 
disease at both sites. Sixty-three percent of them had RMT in RPLN 
metastases and 42 % in pulmonary metastases. In a study from the Memorial 
Sloan-Kettering Cancer Center histology of the primary tumor is also taken 
into account (Tiffany et al., 1986), but only the composition after 
chemotherapy of the resected metastases is listed. Out of five patients with 
TNSGCTs without a teratoma component, two had RMT in the RPLN 
metastases. In the lungs, RMT was not demonstrated but only NF or viable 
carcinoma. Out of the 13 patients with TNSGCTs containing teratoma, RMT 
was found in the RPLN metastases in four and in the lungs in five. Again, 
in these series, many patients had residual viable carcinoma. More studies 
have been published about the histology of brain metastases, which precede 
or coincide with pulmonary metastases (Vugrin et al., 1979). The 
histological composition of brain metastases of TNSGCTs is in accordance 
with our findings . They frequently consist of pure choriocarcinoma, pure 
embryonal carcinoma, or pure yolk sac tumor (Kaye et al., 1979; Vugrin et 
al., 1979; Williams and Einhorn, 1979; Oosterhuis, 1983; Jelsma and 
Carroll, 1989); teratoma is infrequently found. 

This study confirms that residual mature teratoma is significantly 
associated with primary tumors with a teratoma component. In a recent 
study, this association was not found (FossA et al., 1989), probably due to 
the use of the British classification system, which obscures the presence of 
a teratoma component in the "malignant teratoma intermediate" (MTI) 
category (Collins and Pugh, 1964). After chemotherapy, primary TNSGCTs 
containing a teratoma component have a significantly higher chance of 
developing residual mature teratoma and a lower chance of developing 
necrosis and/or fibrosis, both in retroperitoneal and lung metastases, as 
compared to TNSGCTs without a teratoma component. The latter may rarely 
give rise to retroperitoneal residual mature teratoma (in only two cases in 
our series). Probably due to sampling error in these cases, small foci of 
teratoma in the primary tumor have been overlooked. In our material, they 
never gave rise to residual mature teratoma in the lungs. From the clinical 
point of view, this means that after cis-platinum-based chemotherapy, a 
residual lung metastasis of a patient with a TNSGCT without a teratoma 
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component is probably not composed of residual mature teratoma. In this 
case, chemotherapy will induce complete remission of the lung metastases. 
If a residual mass is found, it is highly suspicious for persisting malignancy. 
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CHAPTER VI 
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ABSTRACT Recently, hyperpentaploidy in testicular nonseminomatous germ cell tumors 
(TNSGCTs) has been associated with progression of disease of patients who initially presented 
with TNSGCT in stage I .  Therefore, using flow cytometry we investigated the relationship 
between ploidy and the clinical behavior in TNSGCTs, focussing on hypertetraploid values 
(DNA Index >2.00) .  The results from our study suggest that patients with TNSGCT containing 
an aneuploid stemline with a hypertetraploid value, more often present in higher clinical stages 
and might have higher chance of relapse in advanced stages. The presence of multiple aneuploid 
stemlines in the tumors was more frequently found in patients who presented in higher clinical 
stages . 

INTRODUCTION 

Cytometric studies on testicular nonseminomatous germ cell tumors 
(TNSGCTs) so far have failed to show a correlation between the ploidy and 
clinical behavior (Sledge et al. , 1987; Sledge et al. , 1988; Oosterhuis et al. , 
1989; FossA et al. , 1991). However, recently it was suggested that 
determined by image cytometry hyperpentaploidy is related with progression 
of disease in patients who initially presented with TNSGCT confined to the 
testis (stage I) (Allhoff et al. , 1990). 

Therefore, using flow cytometry we investigated the relationship 
between ploidy and the clinical behavior in TNSGCTs, focussing on 
hypertetraploid values (DNA Index > 2.00). We compared ploidy to the 
clinical parameters: initial stage of presentation, progression of disease 
during follow-up in patients who initially presented with TNSGCT in stage 
I, and relapse of disease after a chemotherapy induced complete remission 
in patients who initially presented in advanced stages (stages II, III, IV). In 
addition to hypertetraploid values, we also investigated the presence of 
multiple aneuploid stemlines in the tumors, since in other malignancies this 
phenomenon has been associated with more malignant behavior (Merkel et 
al. , 1987). Furthermore, ploidy and the number of aneuploid stemlines are 
compared with the clinico-pathological risk factors: histology and small 
vessel invasion (Hesketh and Krane, 1990). 

MATERIAL AND METHODS 

Patients, staging and therapy 
DNA flow cytometric analysis was done on the primary tumor of 

118 patients who presented in the period 1981-1989 with TNSGCT. Of these 
patients 5 had a G0/Gl peak with a coefficient of variation > 10% and were, 
therefore, excluded from analysis. Table 1 shows the clinical and 
pathological data of these patients. Age of presentation of the remaining 113 
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patients ranged from 16 to 67 years (median 27 years). All patients were 
treated at the University Hospital of Groningen, The Netherlands. The 
treatment policy was described previously (De Graaff et al., 1991). In short, 
following orchiectomy, which often was performed in the referring hospitals, 
patients were staged and treated in our hospital. Staging was done according 
to the staging classification proposed by Peckham (Peckham, 1981). Patients 
presenting without clinical signs of metastases (stage I) entered a surveillance 
protocol (Schraffordt Koops et al., 1986). In the case of disseminated disease 
(stages II, III or IV), patients were treated by four remission-induction cycles 
of cisplatin-based multichemotherapy, modifications on the regimen 
described by Einhorn and Donohue (Einhorn and Donohue, 1977). After 
chemotherapy, patients were restaged. 

Median follow-up time after last treatment was 4.6 years (range 2-10 
years). Patients were examined monthly in the first year and at two-monthly 
intervals in the second year. 

Histological examination 
The tumors were classified using the World Health Organization

classification (Mostofi and Sobin, 1977). Table 2 shows the histological data. 
Vascular invasion was defined by the presence of tumoremboli in small 
vessels surrpunding the tumor, without discrimination between lymphatics 
and blood vessels. 

Flow cytometric DNA analysis 
DNA flow cytometry was done on representative fresh/frozen 

samples in which all nonseminomatous components were present. Paraffin 
blocks were used in those cases of which no fresh/frozen samples were 
available, and to complement the fresh/frozen samples if not all 
nonseminomatous components were represented therein. The seminoma 
component of combined tumors was always separately measured. All 
samples were morphologically checked. The methods of preparation were 
previously described (Oosterhuis et al., 1986), and were based on methods 
described by Vindel(>v (Vindel0v et al., 1982) for fresh/frozen tissue, and 
Hedley (Hedley et al., 1983) for paraffin-embedded tissue. The way of 
interpretation of the graphs was described previously (Oosterhuis et al., 
1989). Samples were analyzed with the Ortho ICP 22 flow cytometer. The 
mean number of analyzed samples was 1.6 per tumor. Seventy-one tumors 
were analyzed using fresh/frozen tissue, 42 using paraffin-embedded blocks. 
Neither the methods of preparation, nor the number of measured samples did 
influence the ploidy, the finding of a hypertetraploid stemline, or the number 
of stemlines. DNA profiles with a coefficient of variation > 10% ,  were 
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considered uninterpretable and were, therefore, not included in the study. 
The mean coefficient of variation was 5.4% , 4 .6% for DNA profiles derived 
from fresh/frozen, 6 .9% for paraffin-embedded tissue. 

Ploidy, expressed as the DNA index tJ)I, which is the ratio between 
the DNA content of tumor cells and normal diploid G0/Gl cells), and the 
number of aneuploid stemlines were determined of all primary tumors. By 
definition, the DI of diploid cells is 1 .00 (Hiddemann et al. ,  1984). When 
distinct aneuploid peaks were measured in separate samples, they were 
considered significantly different, if the DI differed at least 10% between 
both peaks. The seminoma component of combined tumors most often has 
a separate stemline from the nonseminomatous component, frequently with 
a higher DI (Oosterhuis et al. ,  1989). The seminoma stemline was not 
included in the number of stemlines of a tumor. 

Statistical analysis 
Data were evaluated using the two-sided Mann-Whitney U test. To 

avoid exclusion of aneuploid stemlines which might be of biological 
significance in the case of multiple aneuploid stemlines in the DNA profiles 
of TNSGCTs, relationships between the DI and clinical or pathological 
parameters were analyzed in four ways. In these cases we used for 
calculation subsequently the aneuploid stemline with the highest DNA value, 
the lowest value, the stemline with the highest and the stemline with the 
lowest peak. 

Analysis of 2x2 contingency tables was performed using the one
sided Fisher's exact test. Differences were considered significant when p 
< 0.05 .  

TABLE 1 .  Clinical and pathological data of five patients with 
uninterpretable DNA profiles.* 

CASE HISTOLOGY CLINICAL ST AGE FOLLOW-UP 

1 TE ned 
2 TE ned 

3 EC;TE ned 
4 EC;SE relapse 

5 EC;YST;TE;SE III relapse 

* ned =no evidence of disease; EC =embryonal carcinoma; YST =yolk sac tumor; 
TE=teratoma; SE=seminoma 
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TABLE 2. Histologic findings of 113 patients who presented with 
nonseminomatous germ cell tumor of the testis.* 

HISTOLOGY NUMBER 

EC;YST;TE 27 

EC;YST;TE;SE 15  

EC;TE 14 

EC 10 

EC;CH;YST;TE 8 
EC;SE 6 

TE 6 

EC;TE;SE 5 

EC;YST;SE 3 
YST;TE;SE 3 
YST;TE 3 
TE;SE 3 
EC;YST 2 

CH;TE 2 

YST 2 

EC;CH;YST;TE;SE 
EC;CH;YST;SE 
EC;CH;TE 
EC;CH 

* EC =embryonal carcinoma; YST=yolk sac tumor; TE =teratoma; SE=seminoma; 
CH =choriocarcinoma 

RESULTS 

The DNA profiles of 111 out of 113 patients showed at least one 
aneuploid stemline with a median DI of 1.43 (range 1.00-3.58). No 
correlations were found between the clinical parameters studied, the 
nonseminomatous stemline, and the histological composition of the tumor. 
In the case of multiple aneuploid stemlines, exclusion of one of both 
stemlines revealed . similar results. Sixty-four tumors showed vascular 
invasion. Vessel invasion was significantly correlated with higher clinical 
stages (p < 0.0002), and progression of disease of patients who initially 
presented in stage I (p < 0.02). No significant correlation was found between 
relapse of disease of patients who initially presented in higher stages and 
vessel invasion. No correlations were found between vessel invasion, the DI 
and the number of nonseminomatous stemlines. 
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TABLE 3.  Presence of hypertetraploid stemlines in the nonseminomatous 
part of the primary tumor, stage of presentation and follow-up of 113 
patients who presented with nonseminomatous germ cell tumor of the 
testis.* 

STAGE AND FOLLOW-UP 

I 

no evidence of disease 
relapse 

11, 111, IV 
no evidence of disease 
relapse 
unevaluable 

HYPERTETRAPLOID 

STEMLINE 

Present 

5(2) 
4 

16(6) -p < 0. 01-
10  

5 -p < 0.05-
1 I 

Absent 

47(20) 
35 
12 

45(14) 

35 
4 
62 

* between brackets is shown the number of cases in which paraffin-embedded tissue was used; 
1 tumor progresssion; 2 tumor progression (n =2) , partial remission after chemotherapy (n =3) , 
refusal of chemotherapy (n = 1 )  

TABLE 4. Presence of hypertetraploid stemlines in the nonseminomatous 
part of the primary tumor, and follow-up of 61 patients who presented 
with metastatic nonseminomatous germ cell tumor of the testis. 

FOLLOW-UP 

no evidence of disease 

partial remission, relapse or 
tumor progression 

unevaluable 

1 refusal of chemotherapy (n = 1 )  

HYPERTETRAPLOID STEMLINE 

Present 
(n = 1 6) 

6 -p =0.055-

Absent 
(n =45) 

35 

9 

1 I 

DNA profiles of 21 tumors showed a hypertetraploid 
nonseminomatous stemline (Table 3). Patients with tumors with a 
hypertetraploid nonseminomatous steml ine more often presented in advanced 
stages (16 out of 21 patients) than patients with tumors with a DI < 2.00 (45 
out of 92 patients) (p < 0.01). Five out of 16 patients with tumors with a 
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hypertetraploid stemline, versus four out of 45 patients with a DI < 2.00 
relapsed after a chemotherapy induced complete remission (p < 0.05). Of the 
patients who presented with disseminated disease, the difference between 
those with no evidence of disease after a chemotherapy induced complete 
remission, and those with a partial remission, relapse or tumor progression 
was not significant (Table 4, p= 0.055). 

In 10 cases, DNA profiles showed two aneuploid nonseminomatous 
stemlines (Table 5). These patients more often presented in advanced stages 
(Table 6, p < 0.05). Of the patients with advanced stages in which tumors 
showed two stemlines 38 % relapsed, in contrast to 13 % of patients in which 
DNA profiles showed one stemline (n. s. ). The eight patients with DNA 
profiles showing two stemlines of which one stemline was in the 
hypertetraploid range (Table 5), all presented in advanced stage disease; 
three of these patients relapsed. 

DISCUSSION 

This study was performed to assess the prognostic relevance of both 
the tumor ploidy, and the number of aneuploid stemlines in TNSGCTs, 
measured by DNA flow cytometry. Our results confirm findings of earlier 
studies on TNSGCTs in which no correlation was demonstrated between DI 
and stage of presentation or clinical outcome (Sledge et al. , 1987; Sledge et 
al. , 1988; Oosterhuis et al. , 1989; FossA et al. , 1991). The prognostic 
relevance of small vessel invasion is confirmed by this study (Hesketh and 
Krane, 1990). 

One point needs to be considered before we can discuss our results. 
Since a possible reason for a high coefficient of variation is the presence of 
near-diploid stemlines, apart from poor quality of a sample, it is debatable 
whether exclusion of these patients could influence the results. We chose to 
exclude these patients (Table 1), since it has been demonstrated that (near-) 
diploid TNSGCTs are extremely rare (Atkin, 1973; Atkin and Kay, 1979; 
Barlogie et al. , 1983; Oosterhuis et al. , 1989). It should be noticed, 
however, that inclusion of these patients would hardly affect the results of 
this study, since most of these patients presented in stage I (Table 1). 

In 21 tumors (18.5% ) we found an aneuploid stemline of the 
nonseminoma component with a DI > 2.00; 18 tumors (16%) showed an 
aneuploid stemline with a DI > 2.20. In other cytometric studies lower 
percentages were reported ranging from 8 % in the hypertetraploid range 
(FossA et al. , 1985), to 13% in the tetraploid range (Kommoss et al. , 1990). 
In a review on cytogenetical data (Atkin, 1973), in five out of 36 TNSGCTs 
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(14%) hypertetraploid stemlines were described, which data are similar to 
ours. Multiple aneuploid nonseminomatous stemlines were found in 10 of the 
1 13 cases (9% ). In other studies multiple stemlines were found in 15 out of 
44 TNS GCTs (34 % ) (F ossA et al. , 1991), and in three out of 46 germ cell 
tumors (7%), including seminomas (Sledge et al., 1988) . 

TABLE 5. Clinical features of 10 patients with two aneuploid stemlines 
in the nonseminomatous part of the primary tumor.* 

CASE STEMLINES CLINICAL FEATURES 
Dll D/2 Dlseminoma stage follow-up 

1 1 . 3 1  1 .95 ned 
2 1 .43 2.39 1 .47 IV relapse 
3 1 .52 2.33 1 .62 IV ned 
4 1 .63 1 .42 n.m. I ned 
5 2. 17 1 .27 lib ned 
6 2.36 1 .26 1 IV relapse 
7 2.43 1 .47 IV ned 
8 2.54 1 . 5 1  lib ned 
9 2.55 1 .45 lib ned 
10  3.07 1 .30 1 .70 IV relapse 

* DI =DNA index; ned = no evidence of disease; n.m. =not measured; 1 the DNA profile 
showed clear G2 peaks of both stemlines 

The results from our study suggest that patients with TNSGCT 
containing a hypertetraploid stemline more often present in higher clinical 
stages and might have higher chance on relapse in advanced stages (Table 
3). The difference between patients who presented with disseminated disease 
and remained disease-free after chemotherapy and those who did not was not 
statistically significant (Table 4, p=0.055) . In one study, out of two patients 
with TNSGCT with a hypertetraploid stemline, one patient died of disease 
(Sledge et al., 1988) . The two patients with TNSGCT with a hypertetraploid 
stemline, described by FossA et al. ,  both presented in a_dvanced stage 
disease. However, most of the described patients presented in higher stages 
(FossA et al., 1985) . Probably due to the small number of stage I patients 
with tumors with a hypertetraploid stemline in our material, we could not 
confirm the suggested prognostic significance of high DNA indices in stage 
I patients with TNSGCT (Allhoff et al., 1990). Patients with TNSGCT 
containing two stemlines of which one was in the hypertetraploid range all 
presented in advanced stages (Table 5) . Although the numbers are small, this 
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might suggest that these patients in particular have a poor prognosis . 

TABLE 6. Number of aneuploid stemlines in the nonseminomatous part 
of the tumor, stage of presentation and follow-up of 113 patients.*  

NUMBER OF STEMLINES 
STAGE AND FOLLOW-UP 

One (103) Two (10) 

I 50(21) 2(1) 
no evidence of disease 37 2 
relapse 1 3  0 

II, Ill, IV 53(17) -p < 0.05- 8(3) 
no evidence of disease 40 5 
relapse 6 3 
unevaluable 71 

* between brackets is shown the number of cases in which paraffin-embedded tissue was used; 
1 for reasons for exclusion see Table 3 

Of the 10 patients with two stemlines in the primary tumor, eight 
presented with disseminated disease (p < 0.05), of whom after chemotherapy 
three relapsed (Tables 5 and 6). Most probably due to the small number of 
patients, the difference in relapse rate was not statistically significant. The 
patient who presented with a TNSGCT containing two stemlines, described 
by FossA et al., also presented with advanced stage disease (FossA et al., 
1985). 

We conclude that the presence of a hypertetraploid stemline in the 
primary TNSGCT is prognostically unfavourable. This is demonstrated by 
the initial presentation of patients in advanced clinical stages. Moreover, 
these patients may have a worse prognosis since they may have a higher 
chance of relapse of disease after a chemotherapy induced complete 
remission. Patients who initially present with TNSGCT in stage I, may be 
at higher risk of tumor progression (Allhoff et al. , 1990). The association 
between high ploidy values and more malignant behavior may be caused by 
a gene dosage effect (Klein, 1981). The presence of multiple aneuploid 
nonseminomatous stemlines in the tumors may also be associated with a 
more malignant clinical behavior. Shorter survival and/or tumor progression 
in tumors containing multiple stemlines has been described in lung cancer, 
multiple myeloma, and carcinoma in situ of the bladder (Merkel et al., 
1987). Since DI and the number of aneuploid stemlines are not correlated 
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with histology and vessel invasion, it seems probable that hypertetraploid 
DNA values, and the number of aneuploid stemlines in the primary tumor 
are of additional prognostic significance. In the future, prospective studies 
using multivariate analysis of prognostic factors of TNSGCTs should be 
performed to confirm the presented data. 
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ABSTRACT We kazyotyped two, histologically distinct, components with different 
metastatic behavior of a testicular nonseminomatous germ cell tumor. The two components 
showed an almost identical chromosomal pattern. These almost identical kazyotypes of the 
two components with different metastatic potential suggest that the difference in biological 
behavior might be due to subtle differences (on microscopic or submicroscopic level) in 
chromosomal pattern or that these differences are predominantly epigenetically determined 
and depend primarily on the lineage of differentiation of the tumor component. Trophoblastic 
differentiation results in an aggressive, angioinvasive tumor, but development of teratoma in 
a tumor with low malignant potential. 

INTRODUCTION 

Testicular nonseminomatous germ cell tumors (TNSGCTs) usually 
metastasize primarily via the lymphatic route. The circulation is reached 
via the paralumbar lymph nodes and the thoracic duct. A well known 
exception to this rule are tumors consisting of chorionic carcinoma (CH), 
which directly give rise to hematogenic metastases and, therefore, have a 
high metastatic potential (Oosterhuis, 1983). Recently we described that 
mature teratoma (MT) has a relatively low metastatic potential and, 
therefore, infrequently reaches the circulation (De Graaff et al., 1991). 
The presence of MT in primary TNSGCTs is associated with a good 
prognosis (Sogani et al., 1 984; Klepp et al. , 1990), in contrast to the 
presence of CH, which is reported to influence prognosis adversely 
(Vugrin et al., 1979; Jelsma and Carroll, 1989). 

We have karyotyped separately the histologic components MT and 
CH of a mixed TNSGCT. Because tumor progression and the acquisition 
of a more malignant behavior of a tumor might be due to sequential 
chromosomal alterations (Nowell, 1990), comparison of the karyotypes of 
both components of the tumor might reveal whether differences in 
metastatic potential are associated with differences in chromosomal 
pattern. 

CASE REPORT 

A 44 year old male presented with a tumor of the right testicle. 
The serum marker human chorionic gonadotropin (HCG) was elevated. 
After orchidectomy in the referring hospital, pathologic examination 
revealed a nonseminomatous germ cell tumor. Subsequent staging, which 
was carried out in the University Hospital of Groningen, showed two 
metastases in the lungs. Radiographic investigations of the retroperitoneal 
lymph nodes were inconclusive. Therefore, a staging laparotomy was 
performed during which some retroperitoneal lymph nodes were excised 
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as a biopsy. Histologic examination showed no evidence of malignancy. 
After four remission-induction cycles of platinum-based chemotherapy, 
during which HCG level normalized, residual lesions from the lungs were 
removed. Pathologic examination of the surgical specimens revealed 
necrosis and fibrosis only. Twelve months after thoracotomy the patient is 
alive with no evidence of disease. 

Cross section of the testis showed a tumor (measuring 5x5x4cm), 
composed of three, juxtaposed, separate nodules. The first and biggest 
nodule was gray-white and contained cysts and small foci of cartilaginous 
tissue, microscopically MT (Fig. la). Of the two smaller nodules, the 
first was macroscopically hemorrhagic, and the second consisted of gray
white, partly viable and partly necrotic tissue. Microscopic examination of 
these nodules revealed respectively CH and embryonal carcinoma (EC) 
with small foci of yolk sac tumor (Fig. lb  and Fig. l e). Only the 
components MT and CH were separately sampled for cytogenetic study. 
Prior to tissue culture, frozen sections confirmed that the first lesion 
consisted of pure MT and the other lesion of CH only. DNA flow 
cytometry was performed on all three components. 

MATERIALS AND METHODS 

Metaphase cells from the MT and CH components were harvested 
for chromosomal analysis after separate tissue culture of about seven 
days. 

The cellular DNA content using flow cytometry was measured on 
representative fresh frozen samples of the MT and CH components. From 
paraffin-embedded tissue additional samples were taken for measurement 
of cellular DNA content of -the EC component. Both methods have been 
described previously (Oosterhuis et al. , 1986). DNA content is expressed 
as a DNA index (DI), i. e. the ratio between tumor cells and diploid G 1 
cells (a diploid cell has a DI= 1.00) (Hiddemann et al. , 1984). Two peaks 
are considered significantly different if the difference · in DI is > 10% 
(Oosterhuis et al. , 1989). 

RESULTS 

Cellular DNA content 
The DNA contents of the CH and the MT parts of the primary 

tumor showed a similar single aneuploid peak, respectively with DI= 1.40 
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(Fig. 2a) and with DI= 1.39 (Fig. 2b) . The paraffin-embedded tissue 
containing EC only, showed a single small, aneuploid peak, with DI of 
about 1 .5 (Fig. 2c), not significantly different from the peaks measured in 
the MT and the CH component. 

Karyotypes 
From both the CH and MT part of the tumor ten metaphases were 

fully analyzed. The two components showed an almost identical pattern .  
In the CH as well as in the MT component two closely related karyotypes 
(karyotype A and karyotype B) with almost identical numerical 
abnormalities were found. The karyotypes were only differing by two 
structural abnormalities. To determine the proportion of karyotype A and 
karyotype B in each component another 50 metaphases were analyzed. 
Tables Ia and lb show the number of normal copies of different 
chromosomes of the fully analyzed metaphases and their modal number. 
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Fig. la. Mature teratoma component of the primary tumor: completely differentiated 

tissue. 
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Fig. lb. Choriocarcinoma component of the primary tumor: cytotrophoblast with 
syncytiotrophoblastic giant cells. 

Fig. Embryonal carcinoma component of the primary tumor: completely 
undifferentiated tissue. 
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Fig 2.  DI= DNA index; trbc= trout red blood cells; T = tumor. 

Fig. 2a. DNA flow graph of the choriocarcinoma component. 

Fig. 2b. DNA flow graph of the mature teratoma component. 

Fig. 2c. DNA flow graph of the embryonal carcinoma component. 
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Figure 3a shows a representative karyotype of karyotype A in the 
CH part of the tumor with the description: 

63,XY, + X, + 1, +2, + 3, +6, +8, +8, + 12, + 14, + 15, + 17, + 19, 
+20, +2 1, +22, del(9)(q12), +der(16)t(9; 16)(q12;q22), +mar; 
also clonal was + 5. 

Figure 3b shows a representative karyotype of karyotype B in the 
MT part of the tumor with the description: 

63,XY, + X, + 1, +2, + 3, +6, +8, +8, -9, + 12, + 14, + 15, + 17, 
+ 19, +20, + 2 1, + 22, +der(l)t(l ;?)(p22;?), + der(16)t(9; 16)(q12;q22), 
+ mar. 

In both karyotypes the marker seemed to involve chromosome 9.  
Karyotype A differs from karyotype B by having a del(9) instead of a 
der(l) .  The ratio A:B in the CH component is 23 :27, in the MT 
component 13 : 3 7. 

DISCUSSION 

Sequential chromosomal alterations, e .g. gain or loss of specific 
chromosomes, formation of structural chromosomal abnormalities, gene 
mutations, loss of heterozygosity, point mutations in proto-oncogenes, are 
a major force for more aggressive characteristics and more malignant 
behavior of many tumors (Nowell, 1990; Heppner, 1984; Nowell, 1986; 
Killion and Fidler, 1989). 

The CH and MT components of TNSGCTs differ in metastatic 
potential. TNSGCTs usually metastasize primarily via the lymphatic 
route. The circulation is reached via the paralumbar lymph nodes and 
thoracic duct (Peckham, 1981). However, CH directly gives rise to 
hematogenic metastases and, therefore, has high metastatic potential 
(Oosterhuis, 1983) .  MT has relatively low metastatic potential and 
infrequently reaches the circulation (De Graaff et al. ,  1991). Evidence for 
a difference in metastatic potential of CH and MT is also demonstrated by 
the case described here. No evidence of retroperitoneal lymph node 
metastases was found. After chemotherapy the lung metastases only 
showed necrosis and fibrosis, indicating that before chemotherapy other 
components than teratoma had been present (De Graaff et al. ,  1991). 
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Table la . Copies and modal numbers per chromosome of ten fully analyzed metaphases 
of the choriocarcinoma component 

CHROMOSOME TOTAL 
1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  14 1 5  1 6  1 7  1 8  1 9  20 21 22 X Y i ( 1 2p) NUMBER 

3 3 3 2 2 3 2 4 1 2 2 3 2 3 3 2 3 2 3 3 3 2 2 0 0 61 
3 3 3 2 2 3 2 4 1 2 2 3 2 3 3 2 2 2 4 3 3 2 2 1 0 62 
3 3 3 2 3 3 2 4 1 1 2 3 2 2 3 2 3 2 3 3 3 3 2 1 0 62 
3 3 3 2 3 3 2 4 1 2 2 3 2 3 3 2 3 2 3 3 3 3 2 1 0 64 
3 3 3 2 2 2 2 4 1 1 2 3 2 3 3 2 3 2 3 3 3 3 2 0 0 60 
3 3 3 2 2 3 2 4 1 2 2 3 2 3 3 2 3 2 3 3 3 3 2 1 0 63 
3 3 2 2 3 3 2 4 1 2 1 4 2 3 3 2 3 2 3 3 3 3 2 1 0 63 
3 3 3 2 2 3 2 2 1 2 2 3 2 3 2 2 3 2 3 3 3 3 2 1 0 60 
3 3 3 2 1 3 2 3 1 2 2 3 2 3 3 2 3 2 3 3 3 2 2 1 0 59 

3 3 3 1 2 3 1 4 1 2 2 3 2 3 3 2 3 2 3 3 2 2 2 1 0 59 

moda l 3 3 3 2 2 3 2 4 1 2 2 3 2 3 3 2 3 2 3 3 3 3 2 1 0 61  
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Table lb. Copies and modal numbers per chromosome of ten fully analyzed metaphases 
of the mature teratoma component 

CHROMOSOME TOTAL 
1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  16 1 7  1 8  1 9  20 21 22 X Y i ( 1 2p) NUMBER 

3 3 3 2 2 3 2 4 2 2 2 3 2 3 3 2 3 1 3 3 2 3 2 1 0 62 
3 3 3 2 2 3 2 4 1 2 2 3 2 3 3 2 3 2 3 3 3 3 2 1 0 63 
3 3 3 2 2 3 2 4 1 2 2 3 2 3 3 2 3 2 3 3 3 3 2 1 0 63 
3 3 3 2 2 3 2 4 1 2 2 3 1 3 3 2 3 2 4 3 3 2 2 1 0 62 
3 3 3 2 2 3 2 3 1 2 2 3 2 3 3 2 3 2 3 2 2 3 2 1 0 60 
3 3 3 2 2 3 2 4 1 2 2 3 2 3 3 2 3 2 3 3 3 3 2 1 0 63 
3 3 3 2 3 3 2 4 1 2 2 3 2 3 3 2 3 2 3 3 2 3 2 1 0 62 
3 3 3 2 3 3 2 4 1 2 2 3 2 3 2 2 3 2 4 3 3 2 2 1 0 63 
3 3 3 2 2 3 2 4 1 2 2 3 2 3 3 2 3 2 3 3 3 3 2 1 0 63 
3 3 3 2 2 3 2 4 1 2 2 3 2 3 3 2 3 2 2 3 2 3 2 1 0 61 

moda l 3 3 3 2 2 3 2 4 1 2 2 3 2 3 3 2 3 2 3 3 3 3 2 1 0 63 



: , • 
--1 

- -

2 3 4 5 

I 
--- · ,U 

... - � 

6 7 8 9 10 11  1 2  

1 3  1 4  15 16 17 18 19 20 

21 22 mar 

Fig. 3a . Representative karyotype of the CH component, karyotype A. 
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Fig. 3b. Representative karyotype of the MT component, karyotype B.  
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We compared the DI and karyotypes of the CH and MT 
components of a mixed primary TNSGCT in order to investigate whether 
differences in biological behavior are associated with a different 
chromosomal pattern. Both the DNA content as well as the chromosomal 
pattern of the two components are almost identical. The DI of the EC 
component is not significantly different from that of the CH and MT 
components. The data suggest that the difference in biological behavior is 
predominantly epigenetically determined or might be due to subtle 
differences (on microscopic or submicroscopic level) in chromosomal 
pattern or by a combination of genetically (Delozier-Blanchet et al. , 1987; 
Bosl et al. , 1989) and epigenetically determined events. In TNSGCTs the 
aggressiveness of the tumor is probably not primarily determined by 
karyotype evolution leading to a more aggressive phenotype, but rather by 
the inherent aggressiveness of the histologic component which develops, 
and finally dominates the tumor. For example, the angioinvasiveness and 
propensity for hematogenous metastasis of CH is inherent with 
trophoblastic differentiation (Ramsey et al. ,  1976). 

The EC stem cell of different components of TNSGCTs can 
differentiate via an embryonic (teratoma) or extra-embryonic (yolk sac 
tumor, CH) lineage of differentiation. This direction of differentiation 
might be genetically or epigenetically determined. The results of this 
study indicate that the direction of differentiation apparently is not 
associated with gross differences in chromosomal pattern. 
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ABSTRACT To study the impact of chromosomal abnormalities on the clinical behavior 

of testicular nonseminomatous germ cell tumors (fNSGCTs) , we compared the chromosomal 

constitution of primary tumors of patients who initially presented and remained without 

metastases, to those with metastatic disease. Furthermore, the chromosomal pattern of primary 

TNSGCTs was compared to ploidy and the clinico-pathological risk factors: histology and small 

vessel invasion. The modal chromosome number and the ploidy were in agreement. No 

correlation was found between the modal chromosome number and histology, presence of 

vascular invasion, or clinical stage. No correlation was found between structural chromosomal 

abnormalities, like the number of copies of the i( 12p) chromosome and clinical stage. No 

obvious differences were found in chromosomal constitution of metastatic and non-metastatic 

tumors. The results of the present study suggest that in TNSGCTs differences in clinical 

behavior are not associated with gross chromosomal differences. 

INTRODUCTION 

Testicular nonseminomatous germ cell tumors (TNSGCTs) show a 
highly abnormal chromosomal pattern (De Jong et al., 1990 for review). 
About 80% of the TNSGCTs have one or more copies of an isochromosome 
12p (i(12p)) (De Jong et al., 1990). The presence of more than one copy of 
i(12p) was correlated with treatment failures in patients with testicular germ 
cell tumors (Bosl et al., 1989). 

Because, in general, differences in metastatic potential of solid 
tumors are associated with differences in chromosomal pattern (Heppner, 
1984; Killion and Fidler, 1989; Nowell, 1990), we compared the 
chromosomal pattern of primary TNSGCTs of patients who initially 
presented and remained without metastases for at least two years (stage I), 
to that of patients with metastatic disease (stage > I), i.e. stage I patients 
with progression of disease during follow-up and patients who presented with 
metastatic disease. Furthermore, the chromosomal pattern of primary 
TNSGCTs is compared to the ploidy and the clinico-pathological risk 
factors: histology and small vessel invasion (Hesketh and Krane, 1990). 

PATIENTS AND METHODS 

Patients 
In the period 1985-1990 cytogenetic analysis was performed on the 

primary tumor of 37 patients who presented with a TNSGCT. Thirty-one 
patients had an orchidectomy at the University Hospital of Groningen, six 
patients in the referring hospitals. Median age at presentation was 24 years, 
with a range of 17 to 67 years. 
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Cytogenetic analysis 
After short term tissue culture, tumor cells from the primary tumor 

were harvested for chromosomal analysis. This method excludes culturing 
cells of the seminoma component in combined tumors, since seminomas do 
not grow in culture (Castedo et al., 1988; Berends et al., 1991). A structural 
abnormality was considered clonal when present in at least two metaphases. 
Structural changes are presented as breakpoints in chromosomes. Moreover, 
we determined per tumor the modal number of short arms for chromosome 
12 (12p). Included as 12p arms in this number were the modal number of 
copies of normal chromosomes 12, the modal number of copies of i(12p) 
multiplied by two, and the number of 12p arms involved in other clonal 
structural chromosomal abnormalities, when at least 50% of the total arm 
length was present. The median number of analyzed abnormal metaphases 
was 9 (range 4 - 24) per tumor. 

Flow cytometric DNA analysis 
DNA flow cytometry was done on representative fresh/frozen 

samples in which all nonseminomatous components were present. Paraffin 
blocks were used in those cases of which no fresh/frozen samples were 
available. The methods of preparation and the way of interpretation of the 
graphs were described previously (Oosterhuis et al., 1986; Oosterhuis et al., 
1989). Ploidy was expressed as the DNA index (DI, which is the ratio 
between the DNA content of tumor cells and normal diploid G0/G 1 cells). 
By definition, the DI of diploid cells is 1.00 (Hiddemann et al., 1984). The 
seminoma component of combined tumors was always separately measured 
and most often has a separate stemline from the nonseminomatous 
component, frequently with a higher DI (Oosterhuis et al., 1989). Therefore, 
the seminoma stemline was not included. 

Staging and treatment 
After orchidectomy, patients were staged according to the staging 

classification, proposed by Peckham (Peckham, 1981). Staging investigations 
included physical examination, computer tomographic (CT) scanning of chest 
and abdomen, X-rays and determination of the serum tumormarkers 
alphafetoprotein and beta human chorionic gonadotropin. Clinically stage I 
patients were examined monthly during the first year and bimonthly the 
second year after treatment (De Graaff et al., 1991). Median follow-up of 
patients with stage I tumors was 44 months (range 26-78). 

Histology and vascular invasion 
All histological slides were reexamined under code. Tumors were 
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classified according to the World Health Organization-Classification (Mostofi 
and Sobin, 1977). 

Vascular invasion was defined by the presence of tumoremboli in 
small vessels surrounding the tumor, without discrimination between 
lymphatics and blood vessels. 

Statistical analysis 
Statistical analysis was done using the two-sided Mann-Whitney U 

test. Comparison of modal chromosome numbers was carried out in two 
ways. The first calculation was done after simple ranking of the chromosome 
numbers. The second way was performed modulo 23 in order to look for 
chromosome loss compared to triploid, tetraploid or even higher 
ploidization. In these cases the calculation was based on ranks, obtained by 
computing the modal chromosome numbers subtracted from the nearest 
product of 23 (23 , 46, 69, . .  ). This method presumes that after 
polyploidization chromosome losses occur. 

Correlations between variables were calculated using the Spearman 
rank test. Analysis of 2x2 contingency tables was performed using Fisher's 
exact test. Differences were considered significant when p < 0. 05. 

RESULTS 

Table 1 shows histological and clinical data, the modal chromosome 
numbers and the DI of all cases. Fifteen patients initially presented and 
remained in stage I, 22 presented with, or developed, metastatic disease. 
Vascular invasion was correlated to definitive clinical stage (p < 0.01), 
histology and ploidy were not. 

Karyotype descriptions of the first 14 patients have been published 
previously (Castedo et al. , 1989). The modal chromosome number was 
correlated to DI (r= 0.72 ,  p < 0.001), but not to histology, or the presence 
of vascular invasion. Most chromosome numbers were in the hyperdiploid 
to hypotriploid range. One tumor had a modal chromosome number in the 
hypertriploid range (case 31), two in the hypertetraploid range (cases 7 and 
12) and three in the hypopentaploid range (cases 14, 28, 35). These high 
chromosome numbers were not correlated to higher clinical stages. An 
apparent difference in modal chromosome number between stage I (mean 
modal number 64) and stage > I tumors (mean modal number 60) could not 
be demonstrated either (Table 2). Correction modulo 23 revealed identical 
results. Comparing the modal number of copies of the different 
chromosomes between both groups, no differences were found. 
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TABLE 1 .  Histological, clinical, ploidy and cytogenetic data of 37 
patients.* 

Case Histology Vessel Age Clinical Modal chromosome DNA 
Invasion Stage Number Index 

Modulo 23 

1 EC;CH; YST;TE 1 9  65 4 1 .45 
2 EC;TE 24 55 14 1 .27 
3 EC;YST 19  IV 57 12 2.36; 

1 .26 
4 TE 24 65 4 1 .45 
5 EC; YST;TE;SE 1 9  64 5 1 .63 
6 EC;YST;TE nev 22 59 10 1 .27 
7 EC;YST;TE + 23 IV 102 13  2 . 1 8  
8 TE 23 I 57 12 1 .28 
9 EC nev 2 1  Ile 59 1 0  1 .28 
1 0  EC;TE nev 23 I 60 9 1 .29 
1 1  EC;TE;SE + 64 Ile 53 16  1 .33 
12 EC;SE 36 I 10 1  14  1 .55 
1 3  EC;YST;TE + 24 IV 62 7 1 .29 
14  EC;YST;TE 3 1  IV 1 1 3 2 2.43; 

1 .47 
1 5  EC;CH;YST;TE;SE + 24 Ile 63 6 1 . 33 
1 6  TE;SE 26 IV 59 10 1 .29 
1 7  EC;TE 23 IV 55 14 1 .25 
1 8  EC;YST;TE 67 6 1  8 1 . 33 
1 9  EC;YST 27 Ilb 60 9 1 .29 
20 YST + 34 IV 60 9 1 .44 
2 1  EC;TE nev 1 8  IV 58 1 1  1 . 33 
22 EC;YST;TE;SE + 33 IV 65 4 1 .50 
23 EC;CH;YST;TE + 43 IV 62 7 1 .39 
24 EC;YST;TE;SE + 30 I 66 3 1 .36 
25 EC;TE nev 33 Ile 63 6 1 . 35 
26 EC;TE nev 20 I 66 3 1 .43 
27 EC;YST;TE + 28 62 7 1 . 39 
28 YST;TE;SE 33 105 10 1 .32 
29 EC;CH; YST;TE 22 I 69 0 1 .52 
30 EC;CH; YST;TE + 45 Ilb 65 4 1 .43 
3 1  EC;YST;TE;SE 6 1  74 1 8  1 .62 
32 EC;YST;TE + 2 1  Ilb 54 15 1 .23 
33 EC;YST + 50 Ile 55 14 1 .20 
34 EC; YST;TE;SE 32 I 59 10 nev 

35 EC + 2 1  1 1 1  4 1 .44 
36 TE 17  6 1  8 1 .3 1  
37 EC;CH;YST;TE + 29 IV 58 1 1  1 .25 

* nev =not evaluable; EC =embryonal carcinoma; CH =choriocarcinoma; YST =yolk sac tumor; 

TE =teratoma; SE =seminoma 
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TABLE 2. Modal chromosome number, numbers of breakpoints and 
structural chromosomal abnormalities and definitive clinical stage .*  

CHROMOSOMAL STAGE p-VALUE 
CHANGE'' I (range) > I  (range) 

modal chromosome number 64 (55- 1 1 1) 60 (53- 1 1 3) > 0. 1  

number of breakpoints 8.0 (4-20) 8.7 (3-24) > 0. 1  

copy number of i( 12p) 2.3 (0-4) 1 .5 (0-4) 0.06 

copy number of #12p 8.0 (3- 13) 6.5 (3- 14) 0.08 

breakpoints on # 1 1 .5 (0-6) 1 . 1  (0-4) > 0. 1  

* # means chromosome; A Mean numbers 

TABLE 3.  Modal number of copies of i(12p) and definitive clinical stage.  

STAGE COPIES OF i( 12p) 
1 or 2 3 or 4 

( 15) 1#  9 5 
> I  (22) 6# 1 1  5 

total (37) 7 20 10 

# p =0. 1 1  

Between both groups no differences in the total number of 
breakpoints were found (Table 2). Chromosomes most frequently involved 
in structural abnormalities were chromosomes 12 (33 out of 37 tumors) and 
1 (27 out of 37 tumors). In thirty tumors one or more copies of the i(12p) 
were found. Between both groups no significant differences were found in 
the modal number of copies of i(12p ), total number of copies of 12p (see 
cytogenetic analysis), and breakpoints in chromosome 1 (Table 2). In stage 
> I tumors more often i(12p) negative karyotypes were found than in 
definitive stage I tumors. However, this difference was not statistically 
significant (Table 3). 
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DISCUSSION 

To study the impact of chromosomal abnormalities on the clinical 
behavior of TNSGCTs, we compared cytogenetic changes between primary 
tumors of patients who initially presented and remained without metastases 
for at least two years and of patients who presented with, or developed, 
metastatic disease. The accumulation of more numerical and structural 
chromosomal abnormalities is in general indicative of a more aggressive 
biologic behavior of a tumor (Barlogie et al., 1983; Heppner, 1984; Killion 
and Fidler, 1989; Nowell, 1990). Based on this assumption, differences in 
ploidy and genetic abnormalities can be expected between tumors of patients 
presenting in different stages. Another possibility is that the acquisition of 
metastatic potential is due to a small evolutionary step in the oncogenesis, 
due to subtle differences (on microscopic or submicroscopic level). 

In our study, the presence of vascular invasion was correlated to 
metastatic disease, histology and ploidy were not. The modal chromosome 
number was strongly correlated to DI but not to histology or the presence of 
vascular invasion. No correlation was found between definitive clinical stage 
and the modal number of chromosomes of the tumor. This is in agreement 
with ploidy studies on TNSGCTs suggesting that the DNA index does not 
relate to the clinical behavior (Fossa et al., 1985; Sledge et al., 1988). 
However, recent studies (Allhoff et al., 1990; unpublished results) indicate 
that hypertetraploid tumors do have a worse prognosis. In the present 
material six tumors were hypertetraploid: the tumors 7 and 14 on the basis 
of modal chromosome number and DI; the tumors 12, 28 and 35  on the 
basis of modal chromosome number alone; tumor 3 on the basis of DI alone. 
It is consistent with our previous findings (unpublished results) that all three 
tumors with a hypertetraploid DI were in stage IV. Although the numbers 
are small, our data suggest that modal chromosome numbers > 100 are not 
associated with higher clinical stages. The discrepancy between DI and 
modal chromosome number may be explained by a growth advantage of 
tetraploid tumor cells in culture. • 

Based on a cytogenetic study of seminomas, Atkin and Baker 
suggested that the presence of a high number of marker-chromosomes might 
be prognostically unfavourable (Atkin and Baker, 1985). Delozier-Blanchet 
suggested that more copies of i( l2p) and more structural changes of 
chromosome 1 are associated with advanced clinical stages (Delozier
Blanchet et al., 1987). In addition, the presence of multiple copies of the 
short arm of chromosome 12 in TNSGCTs has been correlated with 
treatment failures (Bosl et al., 1989), and advanced clinical stages (Peltomaki 
et al., 1990). This is also true for seminomas (Peltomaki et al., 1990). The 
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lack of correlation between definitive clinical stage and the number of 
structural chromosomal abnormalities in the present report is at variance with 
these studies: we found no correlation between the total number of 
breakpoints, the number of copies of i( l2p), the total number of copies of 
12p, and the number of structural abnormalities of chromosome 1 and the 
definitive clinical stage. Of interest is the finding that metastasized tumors 
lacked more often the i(12p) chromosome and showed less copies of both the 
i(12p) chromosome and the short arm of 12p, compared to stage I tumors, 
though these findings were not statistically significant. Our findings are in 
keeping with the recent observation that the mature teratoma and the 
choriocarcinoma components of a primary TNSGCT had almost identical 
karyotypes and yet both components differ vastly with respect to their 
metastatic behavior (De Graaff et al., 1992 in press). This suggests that the 
step from non- metastatic to metastatic behavior of TNSGCTs is not 
necessarily associated with gross chromosomal changes, but perhaps with 
more subtle changes. Conceivably, most of the karyotype evolution takes 
place in earlier stages of tumor progression. The data on ploidy (De Graaff 
et al., 1992), karyotyping (Vos et al., 1990) and in situ hybridization 
(unpublished results) of testicular carcinoma in situ support this concept. In 
addition, the behavior is apparently to a large degree determined by the 
lineage of differentiation of the tumor. 

Despite of the large number of tumors in the present series, we 
cannot confirm the prognostic significance of chromosomal changes in 
TNSGCTs. It is conceivable that the reported prognostic significance of the 
number of copies of i(12p) (Bosl et al, 1989), relates to therapy 
responsiveness rather than inherent aggressiveness of the TNSGCTs. More 
studies are needed to assess the prognostic significance of chromosomal 
abnormalities in testicular germ cell tumors. 
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ABSTRACT Aim of the study was to assess the relation between the number of copies 
of the short arm of chromosome 12 ( 12p) in the tumor and the serum lactate dehydrogenase 
isoenzyme 1 activity (S-LDH- 1 )  in patients with testicular germ cell tumor. Twenty-seven adult 
patients with measurable tumor lesions were studied. Twenty-five had three or more copies of 
chromosome 12 in the tumors. Nineteen had one or more copies of a specific chromosomal 
abnormality, an isochromosome of the short arm of chromosome 12, i( 12p) . Fourteen had 
increased S-LDH- 1 .  S-LDH- 1 correlated significantly with the product of the total tumor 
volume and the total number of copies of the short arm of chromosome 12,  total tumor 12p. We 
conclude that the total number of copies of the short arm of chromosome 12 in the tumors most 
probably is a factor contributing to the LDH- 1 activity released from the tumors. 

INTRODUCTION 

Testicular germ cell tumors are characterized by a specific 
cytogenetic abnormality involving chromosome 12, an isochromosome 12p 
(De Jong et al. , 1990 for review). They may also have an increased number 
of copies of chromosome 12. Patients with a testicular germ cell tumor often 
have an increased serum lactate dehydrogenase isoenzyme 1 activity 
(S-LDH-1) (Zondag, 1964; Von Eyben et al. , 1987). The chromosomal 
aberrations might contribute to the predominance of the anodal LOH 
isoenzymes, especially LDH-1, since the gene locus for the subunit of 
LDH-1, LDH-B, is localized on the short arm of chromosome 12 in the 
region of the bands 12p12.2 - 12p12.1 (9th Int. Workshop on Human Gene 
Mapping, 1987). 

The increased S-LDH-1 activity might be due to an increased 
number of the LDH-B gene locus as a gene-dosage effect (Klein, 1981). This 
is found in patients with congenital abnormalities of the short arm of 
chromosome 12 (12p), such as trisomy of 12p and the Pallister-Killian 
syndrome with i(l 2p) (Rethore et al. , 1975; Steinbach and Rehder, 1987). 
Hence, we studied whether S-LDH-1 relates to tumor volume and the 
number of copies of 12p with presence of band 12p12 in tumor karyotypes 
of patients with testicular germ cell tumors. 

METHODS 

Patients 
We studied 27 adult men referred to the University Hospital of 

Groningen, The Netherlands, between March 1983 and March 1989. All had 
histologically proven testicular germ cell tumor, and adequate cytogenetic 
analyzes of the tumor cells. All had tumor lesions at the time of the sampling 
of the serum. 
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Histology 
The tumors were histologically classified according to the World 

Health Organization-Classification (Mostofi and Sobin, 1977). We lumped 
the tumors into two groups: testicular seminomas and nonseminomatous 
germ cell tumors (TNSGCTs). 

Staging and therapy 
Staging was done according to a modified Boden and Gibb's system 

(Boden and Gibb, 1951). We used the findings of physical examination, 
pedal lymphangiogram, computerized tomography scan of the chest and the 
abdomen, chest roentgenogram, and tumor markers (Willemse et al. , 1981). 

Patients with seminoma stage I-lib underwent high-voltage irradiation 
of the regional lymph nodes (20 - 30 Gy) after orchiectomy. Those with 
seminoma stage Ile-III had platin-based combination chemotherapy. Patients 
with TNSGCT stage I were followed by post-orchiectomy surveillance 
(Gelderman et al . ,  1987). Those with TNSGCT stages II or III or with 
relapse during surveillance received four courses of platin-based combination 
chemotherapy. Residual tumor lesions after completion of chemotherapy 
were resected provided the tumor markers had normalized. If the lesions 
revealed residual mature teratoma (RMT) only, and the lesions were resected 
completely; the patient was followed without further treatment. Otherwise, 
the patient received salvage chemotherapy. 

The patients were examined monthly during the first year after 
treatment and bimonthly the second year . All patients were treated at the 
University Hospital of Groningen, and were observed until October 1990. 

Cytogenetics 
The primary tumor was karyotyped in 19 patients. Residual 

metastases after chemotherapy were karyotyped in eight. Retroperitoneal 
lymph node metastases were resected in seven and pulmonary lesions in one. 
Seven had RMT and one had embryonal carcinoma with foci of yolk sac 
tumor. 

Metaphases from the TNSGCT cells were harvested after short term 
culture (Castedo et al. ,  1989a). Metaphases from seminoma cells were 
obtained by a direct method (Castedo et al . ,  1989b). Chromosomes were 
banded with a GAG and/or GTG technique (G-banding using trypsin and 
Giemsa). We adequately analyzed a median of nine abnormal metaphases 
from each tumor (range 3-24). In all tumors, chromosome 12 was 
reexamined for the presence of the region 12p12 . 

We measured the modal copy number of chromosome 12, the 
number of i(12p), and the copies of structurally abnormal chromosome 12 
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with presence of the band 12p12. For each tumor, a total number of short 
arms of chromosome 12 with the presence of band 12p 12 was calculated 
from the modal number of normal and structural abnormal chromosomes 12 
with presence of the band 12p12, includipg i( l2p) and other structural 
abnormalities involving 12p. 

Calculation of tumor volume 
We calculated the total tumor volume of the patients at the time 

when the blood specimen for determination of S-LDH-1 was obtained, as 
previously described (Von Eyben et al., 1982). The volume of the tumor 
lesions was estimated from review of the pathology reports, roentgenograms, 
and computed tomograms. 

TABLE 1 .  Histological and clinical characteristics at presentation of 27 
patients with testicular germ cell tumors.* 

CHARACTERISTICS 

Age at diagnosis (years) 32 ( 1 9-64) 

Histology 
Seminoma 6 

Nonseminoma 2 1  

Stage 
6 

II 8 

III 1 3  

Tumor volume (cm3) 76 (0.2-842) 

S-LDH-1 (U/l) 146 ( 1 9- 1059) 

Outcome 
alive without tumor 25 

dead by tumor 2 

* The table shows the number of patients with a specific characteristic. Other characteristics are 
given as the median value with range in parentheses 

Calculation of total tumor 12p 
The total copy number of the short arm of chromosome 12 in the 

tumor (total tumor 12p) was calculated as the product of total number of 
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short arms of chromosome 12 with presence of the band 12p12 and total 
tumor volume. 

Determination of S-LDH-1 
The serum samples from six stage I patients were obtained before or 

on the day of orchiectomy. Nineteen patients with stage II or III were 
studied after orchiectomy and before chemotherapy. The specimen from one 
patient was obtained after chemotherapy and before resection of residual 
lesions. One patient was studied on the fifth day of his first course of 
chemotherapy. 

S-LDH-1 was measured as previously described with 109 U/1 as 
upper reference value (Von Eyben et al. , 1987). We corrected the measured 
S-LDH-1 for the impact from hemolysis by- 0.15 U/1 for each mg/I serum 
hemoglobin. 

Statistical analysis 
We compared groups with the Mann-Whitney U test ( one- or 

two-tailed). The relation between variables was analyzed with Spearman rank 
correlation test. We used the MEDST AT package (MEDST AT Statistical 
Software, 3rd. edition, H.R. Wulff and P. Schlichting, Copenhagen, 1988) 
and a 5 % significance level. The impact from different variables on 
S-LDH-1 was evaluated by use of multivariate analysis. 

RESULTS 

Clinical characteristics 
Table 1 shows the . histology and the clinical characteristics of the 

patients. 

Chromosomal characteristics 
The modal number of chromosomes in the karyotypes was 62 (range 

52 - 113). The chromosomal data are shown in Table 2. The band 12p12 
was present in all normal and structurally abnormal variants of chromosome 
12. The copy number of i(l2p), the modal number of chromosome 12, and 
the copies of structural abnormal chromosome 12 in the tumors of the 
patients in stage I, II, and III did not differ (Table 3). Patients with 
TNSGCTs and seminomas had similar total numbers of chromosome 12. 
Also between TNSGCTs and RMTs, no differences in the number of copies 
of 12p were found. The total number of short arms of chromosome 1.2  did 
not correlate with the tumor volume. 
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The total number of short arms of chromosome 12 in the tumors 
cells of the dead and surviving patients did not differ. The two dead patients 
had higher total tumor 12p than the 25 survivors (p= 0.0057, Mann Whitney 
U test, two-tailed). 

S-LDH-1 
The 27 patients had a median S-LDH-1 activity of 146 U/1 (range 19 

to 1859 U/1). S-LDH-1 did not differ between the patients with seminoma 
and those with TNSGCT. The six patients with stage I had lower S-LDH-1 
than the 21 with advanced stage tumors (Figure 1). 
At the time of the study, the two patients who died had higher S-LDH-1 than 
those who remained alive (p= 0.0057, Mann-Whitney U test, two-tailed). 

TABLE 2. Cytogenetic findings regarding chromosome 12 of the 
patients.* 
CASE HISTOLOGY 

1 

2 

3 

4 

5 

6 

7 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

RMT 

RMT 

RMT 

RMT 

RMT 

RMT 

RMT 

EC;YST 

EC;YST;TE 

EC;TE;SE 

EC;YST;TE 

EC;YST;TE 

EC;SE 

EC;TE 

EC;YST 

YST 

EC;YST;TE;SE 

EC;YST;TE;CH 

EC;YST;TE;SE 

EC;YST 

EC;YST;TE;CH 

SE 

SE 

SE 

SE 

SE 

SE 

MODAL NO MODAL NO MODAL NO ADDITIONAL 

OF CHRO- OF CHRO- OF i(12p) COPIES OF 

12pl2 MOSOMES MOSOME 12 

60 

63 

53 

52 

57 

61 

56 

57 

102 

53 

62 

1 13 

101 

55 

60 

60 

65 

63 

66 

55 

69 

1 12 

106 

71 

3 

71 

65 

3 

3 

3 

1 

3 

3 

3 

3 

4 

3 

3 

6 

5 

2 

3 

3 

3 

3 

3 

3 

3 

7 

5 

3 

3 

3 

2 

2 

0 

2 

2 

2 

2 

2 

4 

0 

4 

2 

4 

2 

2 

0 

0 

0 

2 

0 

2 

4 

0 

0 

2 

0 

0 

0 

1 

0 

0 

0 

0 

2 

0 

0 

0 

0 

2 

0 

2 

0 

0 

0 

0 

0 

0 

TOTAL NO 

COPIES 

12pl2 

7 

5 

3 

6 

7 

7 

7 

7 

14 

3 

1 1  

10 

3 

8 

7 

5 

3 

3 

7 

3 

7 

6 

6 

6 

5 

4 

7 

• Additional copies of 12pl2 denotes: additional copies of structural abnormal chromosomes 12 with presence of band 12pl2; 

Total no copies 12p12 means: total number of short arms of chromosome 12 with presence of band 12p12; RMT= residual 

mature teratoma; SE-seminoma; EC=embryonal carcinoma; YST=yollc sac tumor; TE=teratoma; CH=choriocarcinoma. 
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The modal number of chromosome 12, i(12p), the number of copies 
of structural abnormal chromosome 12, and the total number of short arms 
of chromosome 12 in the tumors did not correlate with S-LDH-1. However, 
S-LDH-1 correlated with the total tumor 12p (Figure 2). S-LDH-1 and total 
tumor volume correlated also (Spearman rank correlation r= 0.438 ,  

p = 0.025) . However, in multivariate analysis, only total tumor 12p related 
significantly with S-LDH-1. 

TABLE 3. Cytogenetic abnormalities of chromosome 12 in the tumors 
related to stage at presentation (N=27). * 

CHROMOSOME 12 STAGE 
FINDINGS I II Ill 

Modal no. 3(3-5) 3(1 -7) 3(2-6) 

Additional no. 
of structural 
abnormal chroma-
some 12 0(0- 1) 0(0- 1) 0(0-2) 

i( 12p) 2.0(0-4) 0.5(0-4) 2(0-4) 

Total no. of short 
arms of chromosome 
12  7(6- 13) 4(3-16) 7(3-14) 

No. pats 6 8 13 

* Cytogenetic examinations of the karyotypes showed that the band 12p12 was present in all 
subsets of chromosome 12 

DISCUSSION 

We used the modal number of the short arm of chromosome 12 with 
presence of the band 12p12 as an estimate of the average of this part of the 
genome in all tumor cells. For other tumors, such as renal carcinoma, 
heterogeneity might invalidate such an extrapolation. However, for testicular 
germ cell tumors, pieces of evidence consistently support our concept that 
the data derived from adequate cytogenetic analyzes of a limited number of 
tumor cells may sufficiently represent the chromosomal status of all a.umor 
cells. One study showed a high concordance between the cytogenetic data 
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from the tumor cells obtained in vivo and those from transplants to nude 
mice (Delozier-Blanchet, 1986). The cytogenetic findings regarding both the 
number of normal chromosome 12, the number of i(12p), and the number 
of structural abnormal chromosome 12 were also similar in different tumor 
cell subsets in another study (Castedo et al., 1988). Correspondingly, three 
lesions with mature and immature teratoma from a patient with metastatic 
TNSGCT in a third study had the same modal number of chromosome 12 
and i(12p) (De Graaff et al., 1991). 

sLDH-1 ( U/L )  
2000 

1 0 0  

I I  

STAGE 

I l l  

Fig 1 .  The relation between stage and S-LDH-1 .  I denotes stage I, II stage II, and III stage III 
(stage I vs stage II and III, p=0.046, Mann-Whitney U test, one tailed) . 

Accordingly, our principal finding is the correlation between total 
tumor 12p and S-LDH-1. Total tumor 12p and S-LDH-1 were increased both 
in patients with seminoma and with TNSGCT. A highly increased S-LDH-1 
was present in the two patients that died. In contrast, the highest total 
number of short arms of chromosome 12 with bands 12p12 present in the 
tumor cells did not predict death from tumor. 

The prevalence and the prognostic value of an increased S-LDH-1 
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concord with previous investigations (Von Eyben, 1983). Consistent with the 
cytogenetic findings in the present study, tumor tissue of primary testicular 
germ cell tumors from another study had a high level of mRNA for LDH-B 
and a high LDH-1 activity (Von Eyben et al. , 1991). The total tumor mRNA 
for LDH-B correlated with the increase in S-LDH-1 in tumor vein blood 
(Von Eyben et al. ,  1991). Hence, these two studies suggest a sequence from 
increased number of short arms of chromosome 12 in the tumors to 
increased level of mRNA for LDH-B in the tumor, increased tumor LDH-1, 
and increased isoenzyme activity in blood. 

sLDH-1 ( U/L) 

4 0 0 0  8000 1 2 000 

TOTAL TUMOR 12p  

Fig 2 .  The relation between the total tumor 12p and S-LDH-1 .  The total tumor 12p is calculated 
as the product of the total copy number of the short arm of chromosome 12 (total 12p) in the 
karyotype and the total tumor volume (Spearman rank correlation coefficient r=0.57, 
p =0.0035) .  
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S-LDH-1 activity and the total tumor copy number of 12p (total 
tumor 12p) predicted survival, whereas the total number of short arms of 
chromosome 12 did not. This discordance reflects the much greater variation 
in tumor volume of the patients (0.2 - 842 cm3) than in the number of short 
arms of chromosome 12 in the tumor cells (3- 16), and the lack of correlation 
between total 12p and tumor volume. 

In summary, our study gives strong evidence for the contribution of 
a gene-dosage effect to the increased S-LDH-1 activity. In the case of 
testicular germ cell tumors, cytogenetic analysis allows a more complete 
understanding of the factors contributing to the elevation of S-LDH-1. 
Gene-dosage effects should be kept in mind as a probably more general 
mechanism causing increase of serum tumor markers. 
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INSTITUTIONAL BACKGROUND OF THE STUDY 

Over the past 15 years through the collaborative efforts of the 
Departments of Surgical Oncology, Medical Oncology, lmmunochemistry, 
Pathology and Medical Genetics of the University of Groningen, The 
Netherlands, a large number of patients has been diagnosed and treated for 
testicular germ cell tumors. In the wake of the standardized care for these 
patients a wealth of material and data were collected. Diagnosis, treatment 
and follow-up are well documented. In addition serum, and tumor tissue 
(paraffin embedded, and frozen) are available of many patients. Most 
preciously, over 80 tumors both testicular seminomas and testicular 
nonseminomatous germ cell tumors (TNSGCTs) were karyotyped. 

It is not surprizing that over the past decade this material has been 
intensively studied from many points of view: evaluation of the results of 
treatment, the related problems of renal and pulmonary toxicity and impaired 
fertility, studies on serum tumor marker diagnosis and studies on tumor 
biology. The latter studies, supported by enthousiastic collaboration between 
clinicians, pathologists, and cytogeneticists have among other topics, 
addressed: resistance to platinum, the pathogenesis of residual mature 
teratoma and the pathogenetic relationship between testicular seminoma and 
TNSGCT. 

DESIGN OF THE PRESENT STUDY 

The present work is a further investigation of the biology of 
TNSGCTs, using the more recent, most extensively documented cases on file 
in the University of Groningen. It wants to contribute to the understanding 
of the pathogenesis of the different lineages of differentiation and to the 
biological basis of the clinical behavior of TNSGCTs. The tumors were 
studied histologically. DNA flow cytometry and karyotyping were carried 
out, if possible separately on different tumor components. This approach 
resulted in the following parameters : 
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-Histology : a listing of the different tumor components (after review 
of the histologic diagnosis, with immunohistochemical support of the 
morphology in doubtful cases) and presence or absence of vascular 
invasion. 
-DNA flow cytometry : ploidy, S-phase fraction and percentage of 
diploid host cells. 
-Karyotyping: numerical and structural chromosomal aberrations. 



These parameters were correlated with clinical, in particular 
metastatic behavior, and with the serum level of the tumor marker lactate 
dehydrogenase isoenzyme 1 (LDH-1). 

SIGNIFICANT RESULTS 

The most significant results of our work can be briefly summarized 
as follows. 

Pathogenesis 
The ploidy was established of carcinoma in situ present in the 

parenchyma adjacent invasive seminoma and TNSGCT (chapter II) . 
Carcinoma in situ has a median DNA index of about 1.58. This figure is 
about the same for carcinoma in situ adjacent to seminoma and TNSGCT. 
Thus the median DNA index of carcinoma in situ is about the same as that 
of seminoma (1.64), but significantly higher than that of TNSGCT (1.43). 

The ploidy of different components in TNSGCTs is very similar, 
with a median DNA index of about 1.43 (chapter Ill). The only component 
which had significantly different DNA index from the other components, 
was embryonal carcinoma with a slightly higher DNA index of 1.54. 
Embryonal carcinomas were also found to have more often hypertetraploid 
DNA values. Compared to the other histologic components, teratomas had 
lower S-phase fractions. 

Separate cytogenetic analysis of different components of the same 
TNSGCT, was successful in two cases. In the first case the two components 
were mature and immature teratoma (chapter IV), in the second case they 
were mature teratoma and choriocarcinoma (chapter Vil) . The striking result 
was that in both cases the· karyotypes were very similar for the two 
histologically different, and grossly separate tumor components. 

Clinical behavior 
Patients with a primary TNSGCT with a teratom� component with 

retroperitoneal and lung metastases develop teratoma after chemotherapy in 
73 % of the retroperitoneal, and in 3 1  % of the lung metastases (chapter V) .  
When a teratoma component was lacking in the primary tumor, residual 
teratoma after chemotherapy was found in the retroperitoneal metastases in 
14% of the patients, and in the lung metastases in none of the patients . 

Patients with TNSGCT with a hypertetraploid stemline (DNA index 
> 2.00), and with multiple stemlines present significantly more often with 
metastatic disease than patients with one peritriploid stemline (chapter VI). 
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The mature teratoma and choriocarcinoma components of the same 
primary TNSGCT were cytogenetically analyzed (chapter VII). Both 
histologic components differ vastly with respect to metastatic potential. In 
both components highly similar karyotypes were found. 

In patients with TNSGCT no clear correlations were found between 
clinical stage and chromosomal abnormalities (chapter VIII). 

The serum level of LDH-1, the gene of which is located on the short 
arm of chromosome 12, is correlated with the product of the number of 
copies of the short arm of chromosome 12 and the tumor volume (chapter 
IX). 

THE PRESENT RESULTS AND CURRENT CONCEPTS ON 
PATHOGENESIS AND PROGRESSION OF TESTICULAR GERM 
CELL TUMORS 

Pathogenesis 
The current concept is that carcinoma in situ ( or testicular in situ 

neoplasia) is the common precursor for testicular germ cell tumors except 
spermatocytic seminoma (Skakkebrek et al. , 1987) . Indeed carcinoma in situ 
adjacent to seminoma and TNSGCT is similar on light microscopic, 
(immuno )histochemical and ultrastructural level. We have shown that the 
ploidy is also similar and in the same range as the ploidy of seminoma, but 
significantly higher than the ploidy of TNSGCT. Moreover, cytogenetically, 
we found chromosome numbers of carcinoma in situ in the triploid range in 
patients with invasive testicular cancer (Vos et al. ,  1990) . It appears that 
when a carcinoma in situ cell, which is similar to a seminoma cell 
phenotypically and in terms of ploidy, progresses to an invasive TNSGCT, 
this proces is accompanied by a net loss of DNA. This finding lends credit 
to the concept that an invasive seminoma cell may also progress to a 
nonseminomatous cell type through net loss of chromosomes (Oosterhuis et 
al. ,  1989; De Jong et al. ,  1990) . One could say that TNSGCTs progress 
through a seminoma stage, either in situ, or invasive. 

The embryonal carcinoma stem cell of different components of 
TNSGCTs can differentiate via an embryonic (teratoma) or extra-embryonic 
(yolk sac tumor, choriocarcinoma) lineage of differentiation. The finding of 
an intermediate DNA-index of embryonal carcinoma (1.54) between the 
DNA-index of seminoma (1.65) and TNSGCT (1.43) needs confirmation in 
a larger study. The figure would fit into a model of tumor progression 
through net loss of chromosomes in which the seminomatous precursor cell 
has a nullipotent embryonal carcinoma cell as an intermediate phenotype 
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which through further loss of chromosomes may acquire pluripotency. The 
similar DNA index of the embryonal and extra-embryonal derivatives of 
embryonal carcinoma cells indicates that the commitment to these 
differentiation lineages is not accompanied by gross chromosomal 
rearrangements detectable with DNA flow cytometry. 

The two cases in which different components could be separate! y 
processed for karyotyping are in keeping with the ploidy data. The 
chromosomal differences between the different components within the same 
tumor were small. This was the more striking since in one of the two cases 
the separately analyzed components were mature teratoma and 
choriocarcinoma, which are the two extremes of the spectrum of metastatic 
potential (Oosterhuis, 1983). Teratoma has the lowest and choriocarcinoma 
the highest metastatic potential. Moreover, teratoma takes the lymphatic 
route, whereas choriocarcinoma metastasizes via blood vessels. This example 
suggests that the spectrum of differentiation lineages within a TNSGCT is 
one of the factors to determine its metastatic potential. The inherent 
differences in biological aggressiveness of different components of a mixed 
TNSGCT, supposedly all derived from the same stem cell population, is also 
apparent from their different S-phase fractions. 

Clinical behavior 
The current concept is that cells within a tumor are heterogeneous 

with regards to metastatic potential, and that the highly metastatic cells can 
be selected for in vivo, in the metastatic proces (Fidler, 1978). Metastatic 
heterogeneity in TNSGCTs is at least partly due to the different metastatic 
potentials of the various differentiation lineages within mixed TNSGCTs. 
This concept offers an elegant explanation for the finding that residual 
mature teratoma is significantly more often found in retroperitoneal lymph 
nodes than in the lungs. The tumor cells capable of somatic differentiation 
tend to lag behind in the regional lymph nodes. The combination of lesser 
capacity for differentiation and higher metastatic potential of the tumor cells 
is a common characteristic of tumor progression (Nowell, 1990). 

Another current concept is that tumor progression is accompanied by 
karyotype evolution resulting in high ploidy cells with high malignant 
potential (Klein, 1981). Our finding that patients with a TNSGCT with a 
hypertetraploid stemline significantly more often have metastatic disease than 
patients with tumors lacking such stemlines, is in agreement with this 
concept. The hypertetraploid stemlines were (not significantly) associated 
with the histologic component embryonal carcinoma. Embryonal carcinomas 
may undergo a second polyploidization step, resulting in a hypertetraploid 
DNA index. 
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The concept that the number of copies of i(l2p) is a prognostic 
factor in testicular germ cell tumors (Delozier-Blanchet et al., 1987; Bosl et 
al., 1989) is not supported by our chromomal data. In fact, there were no 
structural or numerical chromosomal abnormalities of prognostic 
significance. However, the number of copies of the short arm of 
chromosome 12 did correlate with the serum level of LDH-1, when 
corrected for the tumor volume. Apparently, in the case of LDH-1 the gene 
dose is directly translated into the serum level of the gene product. 

MAJOR CONCLUSIONS 

1. Testicular seminomas and nonseminomatous germ cell tumors both 
have carcinoma in situ as a precursor. Testicular nonseminomatous 
germ cell tumors most probably pass through a seminomatous stage, 
either in situ or invasive. 

2a. Different nonseminomatous histologic components are heterogeneous 
with respect to proliferative characteristics. 

2b. Differentiation from embryonal carcinoma towards the other 
testicular nonseminomatous germ cell components might be 
accompanied with a net loss of chromosomes. 

3. Different nonseminomatous histologic components are heterogeneous 
with respect to metastatic behavior. 

4. The biological aggressiveness of testicular nonseminomatous germ 
cell tumors most probably is determined by tumor progression per 
se and by the spectrum of differentiation of tumors. 

5. The elevation of the serum tumor marker lactate dehydrogenase 
isoenzyme 1 is correlated to the total number of copies of the short 
arm of chromosome 12 in the tumor. 

FUTURE RESEARCH 

A more extensive analysis of the chromosomal constitution of 
different components of mixed tumors is needed to test the validity of the 
model of progression of testicular germ cell tumors presented in this thesis. 
The technical limitations encountered in conventional karyotyping of for 
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example carcinoma in situ can be overcome by the application of interphase 
cytogenetics using in situ hybridization (Emmerich et al., 1989; Looij enga 
et al., 1990). 

Definitive answers can only be expected when the proposed 
hypotheses can be experimentally tested. One of the tools that is presently 
lacking are seminoma cell lines. Development of the methodology for 
culturing seminoma cells is an important area of research (Berends et al., 
1991). 

From the clinical point of view larger, prospective studies are needed 
to assess the prognostic relevance of ploidy and chromosomal abnormalities, 
in particular of the number of copies of i(12p). 

Furthermore, studies on epigenetic controls on changes in gene 
activity (Holliday, 1987), and interactions of tumor cells with the 
extracellular matrix (Liotta, 1986 for review; Jacobsen, 1990) might provide 
more information on the pathogenesis, the interrelationships, and the biology 
of the clinical behavior of testicular germ cell tumors. 
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Kiemceltumoren van de testis van de volwassen man vormen zowel 
klinisch als morfologisch een heterogene groep van tumoren (hoofdstuk /). 
Er worden twee, nauw gerelateerde, entiteiten onderscheiden: seminomateuse 
en nonseminomateuse kiemceltumoren (resp. seminomen en nonseminomen). 
In ongeveer 20 % van de gevallen komen beide entiteiten samen voor. 
Seminomen warden onderverdeeld in anaplastisch seminoom, seminoom met 
syncytiotrofoblastaire reuscellen en spermatocytair seminoom. Er bestaan 
verschillende bistologiscbe (morfologiscbe) subtypen nonseminomen: de 
zogenaamde embryonale subtypen: embryonaalcelcarcinoom en (matuur of 
immatuur) teratoom, en de extra-embryonale subtypen: dooierzaktumor en 
cboriocarcinoom. Dit proefscbrift bevat studies naar het ontstaan van 
kiemceltumoren van de testis (pathogenese) en naar factoren welke 
verschillen in bet klinische gedrag van deze tumoren kunnen verklaren. 

PATHOGENESE 

De voorloper van alle testiculaire kiemceltumoren, met uitzondering 
van het spermatocytair seminoom, is bet carcinoma in situ. Tumorprogressie 
(d . w .z. het verkrijgen van meer kwaadaardige eigenscbappen) in testiculaire 
kiemceltumoren is waarschijnlijk bet gevolg van een netto (selectiet) verlies 
van chromosomen, hetgeen steun geeft aan bet pathogenetische model waarin 
nonseminomen tijdens hun ontwikkeling een seminoom-stadium passeren. 
Hierom onderzochten we of er verschillen in ploi'die (hoeveelbeid nucleair 
DNA) te vinden zijn tussen carcinoma in situ en de bijbehorende invasieve 
seminoom- of nonseminoomcomponent. Vervolgens onderzocbten we de 
verscbillende bistologische subtypen van nonseminoom morfologiscb en met 
bebulp van DNA flow cytometrie (DNA meting) en chromosomale analyse 
(karyotypering). Een en ander om meer inzicht te verkrijgen in de 
pathogenetische relaties tussen en de ontwikkeling van de verschillende 
subtypen van testiculaire kiemceltumoren. 

Hoofdstuk II bescbrijft de ploi'die van carcinoma in situ van 
kiemceltumoren van de volwassen testis vergeleken met die van de invasieve 
componenten, gemeten door middel van DNA flow cytometrie. De 
gemiddelde hoeveelheid DNA van carcinoma in situ was hoger dan die van 
de invasieve nonseminoom en ongeveer gelijk aan die van de invasieve 
seminoom component. Deze resultaten benadrukken dat seminoom en 
carcinoma in situ cellen niet alleen morfologiscb identiek zijn, maar ook 
dezelfde ploi'die hebben. Aangezien de ploi'die van carcinoma in situ bij 
seminomen niet verschilde van die bij nonseminomen, geven de bevindingen 
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steun aan de opvatting dat beide entiteiten dezelfde voorlopercel hebben. 
In hoofdstuk III wordt een DNA flow cytometrische studie naar de 

verschillende histologische subtypen van nonseminoom beschreven. 
Embryonaalcelcarcinoom had een hogere ploYdie dan de embryonaal en 
extra-embryonaal gedifferentieerde componenten. Tevens constateerden wij 
dat de aanwezigheid van een statnlijn met een DNA index hoger dan 2.00 
met name leek voor te komen bij embryonaalcelcarcinoom. Een andere 
bevinding was dat pure teratomen minder cellen in de delende fase hadden 
dan pure embryonaalcelcarcinomen of dooierzaktumoren. Er werd geen 
verschil gevonden tussen de verhouding tumor- en gastheercellen enerzijds 
en histologische subtypen anderzijds. 

Hoofdstuk IV beschrijft de praktisch identieke karyotypen van de 
componenten matuur en immatuur teratoom in metastasen van een 
testiculaire nonseminomateuse kiemceltumor. Het verschil in fenotype zou 
derhalve epigenetisch bepaald kunnen zijn, d. w .z. verklaard kunnen worden 
door verschillen in regulatie van expressie van genen. Hoewel ook 
submicroscopische chromosomale veranderingen voor dit verschil 
verantwoordelijk kunnen zijn. 

KLINISCH GEDRAG 

Ook in het klinisch gedrag zijn testiculaire kiemceltumoren 
heterogeen. Seminomen gedragen zich doorgaans minder maligne dan 
nonseminomen, hetgeen zich uit in de relatief lage metastatische potentie van 
seminomen. Binnen de nonseminomen gedragen met name choriocarcinomen 
zich klinisch zeer aggressief. Biologische aggressiviteit van nonseminomen 
zou gerelateerd kunnen zijn aan tumorprogressie in engere zin, gepaard 
gaande met karyotype evolutie, en aan de differentiatie richting van de 
tumor. In dit opzicht nemen kiemceltumoren een bijzondere positie in. 

De resultaten van een vergelijking van histologische bevindingen bij 
retroperitoneale (regionale) lymfekliermetastasen en longmetastasen na 
chemotherapie staan beschreven in hoofdstuk V. Residuaal matuur teratoom 
werd vaker in de retroperitoneale dan in de longmetastasen gevonden. 
Kennelijk heeft matuur teratoom een lage metastatische potentie en zal 
matuur teratoom dus zelden gevonden warden in metastasen op afstand. 

Een studie naar de relatie tussen ploYdie en het klinische gedrag van 
testiculaire nonseminomen (hoofdstuk VI), laat geen verschillen in DNA 
index zien tussen tumoren van patienten die zich presenteerde.n in 
verschillende klinische stadia. Patienten met tumoren met een stamlijn met 
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een DNA waarde boger dan 2.00, of met meerdere tumor-stamlijnen, 
presenteerden zicb ecbter vaker in bogere kliniscbe stadia. Deze patienten 
badden tevens een verboogde kans op bet recidiveren van de ziekte. 
Vaatinvasie van tumorcellen bleek ook gerelateerd aan bogere kliniscbe 
stadia en bet alsnog ontwikkelen van metastasen van patienten die zicb 
presenteerden zonder metastasen. We concluderen derbalve dat naast 
vaatinvasie, de aanwezigbeid van DNA waarden boger dan 2.00 en/of 
meerdere tumor-stamlijnen in de primaire tumor naar alle waarscbijnlijkheid 
prognostiscb ongunstig is. 

Hoofdstuk VII is een case-report waarin de bijna identieke 
cbromosomale afwijkingen van de matuur teratoom en de cboriocarcinoom 
componenten binnen betzelfde testiculaire nonseminoom worden bescbreven. 
Beide bistologiscbe subtypen verscbillen sterk in metastatiscbe potentie. Het 
lijkt erop dat dit verscbil niet verklaard wordt door grove cbromosomale 
verscbillen, maar door subtiele verscbillen in cbromosomaal patroon. Het 
verscbil zou ook epigenetiscb bepaald kunnen zijn. 

Hoofdstuk VIII bescbrijft een cytogenetiscbe studie aangaande bet 
kliniscbe gedrag van patienten met een testiculaire nonseminoom. Geen 
evidente, grote cbromosomale verscbillen werden gevonden tussen patienten 
met een tumor beperkt tot de testis en patienten die metastasen ontwikkelden. 
We concluderen wederom dat bet kliniscbe gedrag niet alleen verklaard kan 
warden door grove cbromosomale verscbillen. 

Hoofdstuk IX bescbrijft de relatie tussen bet aantal kopieen van de 
korte arm van cbromosoom 12, welk cbromosoomdeel in verboogde 
aantallen aanwezig is in testiculaire kiemceltumoren, en de boogte van de 
serumspiegel lactaatdebydrogenase (LDH) subtype 1, een enzym dat vaak 
verboogd is in bet serum van patienten van kiemceltumoren. De boogte van 
de spiegel blijkt bet produkt te zijn van bet totale aantal kopieen van de korte 
arm van cbromosoom 12 en bet totale tumorvolume ten tijde van de 
serumbepaling, onatbankelijk van de bistologiscbe bevindingen. De boogte 
van de serumspiegel lijkt bepaald te zijn door een verboogd aantal kopieen 
van bet genlocus op cbromosoom 12, een zogenaamd gendosis effect. 

In bet laatste gedeelte, hoofdstuk X, warden de resultaten van de 
bescbreven studies besproken. De voornaamste conclusies zijn: 

1. Testiculaire seminomen en nonseminomen bebben dezelfde 
voorlopercellen die zicb manifesteren als carcinoma in situ. 
Testiculaire nonseminomen doorlopen naar alle waarscbijnlijkheid 
een seminoom-acbtig stadium, betzij in situ, betzij invasief. 
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2a. De verschillende testiculaire nonseminomateuse subtypen zijn 
heterogeen voor wat het proliferatief gedrag betreft. 

2b. Differentiatie van embryonaalcelcarcinoom tot subtypen met een 
embryonaal of extra-embryonaal phenotype gaat mogelijk gepaard 
met een netto verlies van chromosomen. 

3. In het metastatisch gedrag zijn de verschillende testiculaire 
nonseminomateuse subtypen heterogeen. 

4. Biologische aggressiviteit van testiculaire nonseminomateuse 
kiemceltumoren lijkt bepaald te zijn door zowel tumorprogressie in 
engere zin, als door de differentiatie richting van de tumor. Deze 
factoren zijn mogelijk aan elkaar gekoppeld in die zin dat bet netto 
verlies van cbromosomen, dat in bet kader van de progressie 
optreedt, een rol speelt bij de overgang van seminoom naar 
embryonaalcelcarcinoom en vervolgens weer bij de overgang naar 
gedifferentieerde subtypen van nonseminoom. 

5. De boogte van de spiegel van de serum tumormarker LDH subtype 
1 blijkt gecorreleerd te zijn aan bet totale aantal kopieen van de 
korte arm van cbromosoom 12 in de tumor. 
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