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Ovarian Sex Cord-Stromal Tumors in Children
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Maligne Keimzelltumoren Study Group

Owarian sex cord—stromal tumors (OSCSTs) are a _het-
erogeneous group of tumors that developfrom the
gonadal non-germ-cell component. Despite recent-ad-
vances in the clinical and
histopathologic diagnosis of
OSCSTs, a high degree of
uncertainty remains with re-
gard to adequate therapy,
particularly in patients pre-
senting with microscopic or
macroscopic tumor spread.
We review the currently
available data-on the biology.
and histology of OSCST in
children and adolescents. In
addition, we summarize the
data from our clinical, histo-
pathologic and genetic analyses of patients that were
prospectively reported to the German MAKELprotocols
for treatment of nontesticular malignant germ cell tu-
mors. Among these patients, juvenile granulosa cell tu-
mors (JGCTs) constitute the most frequent histologic
subtype, followed by Sertoli-Leydig cell tumors (SLCTs)

Our analysis of 64 prospectively
documented patients allows the
development and prospective
evaluation of risk-adapted therapeutic
strategies in OSCST based on a
standardized clinical and
histopathologic assessment.

and sclerosing stromal tumors. Patients with JGCT and
SLCT show greater mitotic activity than do all those with
other histologic types-Furthermore, high mitotic activity
is associated with adverse
outcome. In addition, prog-
nosis correlates with tumor
stage according to the Inter-
national Federation of Ob-
stetrics and Gynecology.
Nevertheless, we observed a
favorable response to cisplatin-
based chemotherapy in the
majority of stage I and III
tumors. For the whole cohort
of 62 patients, event-free sur-
vival was 0.87+0.05 and
overall survival 0.88+0.05.
Genetic analysis of 27 tumors available for.comparative
genomic hybridization analysis revealed normal profiles
in the majority of tumors and whole chromosomal gain,
such as a gaincof 12 in/single tumors, with no consistent
pattern with regard to histology or clinical outcome. This
analysis confirmed that most OSCSTs present at a low
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tumor stage and that prognosis in these patients is excel-
lent. Most important, patients at high risk can be identi-
fied through clinical and histopathologic analysis, and
the majority can be treated successfully with adjuvant
cisplatinum-based chemotherapy. Based on this analysis,
a prospective study on OSCST in children and adoles-
cents began recruiting cases in 2004. (] Reprod Med
2005;50:000-000)

Keywords: sex cord-gonadal stromal tumors, ovar-
ian cancer, child, adolescence.

Ovarian sex cord-stromal tumors (OSCSTs) are rare
tumors that develop from the non-germ-cell com-
ponent of the ovary. Two decades ago, the defini-
tion of juvenile granulosa cell tumors (JGCTs) as a
distinct histologic entity became a cornerstone of
the diagnosis of OSCST in children.! In recent years
diagnostic accuracy has been increased further by
the introduction of immunohistochemical detection
of inhibin, which has proven a valuable and specif-
ic marker of OSCST. These /diagnostic advances
have not translated directly into a higher degree of
certainty regarding the treatment of OSCST. This
dilemma is due mainly to the fact that in the current
literature there are no prospectively collected data
on OSCST in childhood and adolescence. This ther-
apeutic uncertainty is mostpronounced in patients
who present with an/advanced tumor stage since,
until recently, only single patients have been re-
ported who have been treated successfully for ad-
vanced OSCST. As a result of this uncertainty, the
rare pediatric patients with OSCST use an inappro-
priate amount of clinical and intellectual resources
as compared to other, more frequent ovarian tu-
mors, such as ovarian carcinoma.

Here we summarize the data prospectively col-
lected in the German Germ Cell Tumor Maligne
Keimzelltumoren (MAKEI) study center, at the Ger-
man Society of Pediatric Oncology and Hematol-
ogy, German Pediatric Tumor Registry, Kiel. Based
on the data reported in this review, the concept of a
prospective therapy optimization study.en OSCST
in children and adolescents is presented; it began
registering cases in 2004. It is hoped that the data
presented in this review and experience obtained
from the prospective trial will.help solve some of
the most urgent clinical and therapeutic problems
in OSCST in children and adolescents.

Epidemiology
Although epidemiologic data on OSCST in children
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and adolescents are limited, some preliminary data
can be obtained from clinical and pathologic reg-
istries, such as the German MAKEI database and
German Pediattic Tumor Registry. Combining the
data on all'ovarian tumors (in children and adults),
the relative frequency of OSCST is approximately
8%.2 In the Pediatric Tumor Registry of the German
Society of Pediatric Oncology and Hematology,
OSCSTs constitute almost 20% of all testicular and
ovarian tumors.? This indicates that in reports that
found lower numbers, the incidence of OSCST may
be underestimated, most probably as a result of in-
complete tumor registration.

In infants and young children the low incidence
of the otherwise-more-frequent ovarian germ cell
tumors has to be'considered, too. In this age group,
OSCSTs constitute a higher percentage of ovarian
tumors thanin adults. Children <5 years old were
registered in the MAKEI studies between 1983 and
2000: there were 18 OSCSTs as compared to 35 ovar-
ian germ cell tumors. OSCSTs, particularly JGCTs,
are characteristic of childhood.

Biology; Histogenesis and Pathology

OSCSTs may develop in association with several
defined hereditary disorders. In JGCT there is an as-
sociation with multiple enchondromatosis, or Ol-
lier’s disease.#> The pathogenetic mechanism has
not been elucidated to date. In the MAKEI study,
only 1 patient with Ollier’s disease and JGCT was
reported.

There is a pronounced association of Peutz-
Jeghers syndrome with sex cord-stromal tumors
with annular tubules (SCTATs), and approximately
one-third of SCTATSs appear to develop in the con-
text of Peutz-Jeghers syndrome.®/ These, tumors
usually develop at a younger age than /in.otherwise-
healthy patients and may< develop bilaterally. In
contrast, predominantly large cell calcifying Sertoli
cell tumors can be found in boys with Peutz-Jeghers
syndrome.® The pathogenetic mechanism is un-
clear, and it is largely unknown to what extent mu-
tation of the Peutz-Jeghers gene, STK11, is found in
sporadic OSCST.

Genetic analysis of sporadic ovarian JGCTs with
comparative genomic hybridization has not re-
vealed frequent or characteristic chromosomal im-
balances. The majority of tumors show balanced
karyotypes, and in about 25% of patients, chromo-
somal imbalances, such as gain of the whole chro-
mosome 12, can be found. This analysis has not re-
vealed any correlation between karyotype and
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Table | Histologic Differentiation of Testicular and Ovarian
SCST and Relative Frequencies in the German Society
of Pediatric Oncology and Hematology Tumor Registry?

Histology n %

Juvenile granulosa cell tumor 48 67
Sertoli-Leydig cell tumor 14 19
Sclerosing stroma tumor 5 7
Sex cord tumor with annular tubules 2 3
Steroid tumor 1 1
Thecoma 2 3
z 72 100

clinical outcome.? This finding is in line with a pre-
vious DNA ploidy analysis of JGCT. In that study
almost half the tumors showed aneuploid DNA in-
dices. However, no correlation with clinical stage
was observed.10

Morphologically, OSCSTs include granulosa,
Sertoli, Leydig and theca cells as well as, their re-
spective immature progenitor cells and fibroblasts
that are derived from the specialized gonadal stro-
ma. Granulosa and Sertoli cells develop from the
sex cords and thus from the coelomic epithelium.
During the seventh week of development, the sex
cords become apparent as streaks of immature Ser-
toli cells in the embryonal testis.In the embryonal
ovary, comparable structures have not been
demonstrated. However, during a more advanced
stage of development, conglomerates of pregranu-
losa cells can'be seen that surround the primordial
germ cells! In the developing gonads, granulosa
and Sertoli cells show sex-specific differentiation. It
has been postulated that bisexual developmental
potential persists in some undifferentiated sex cord
cells of “mature” gonads. This bisexual potential
may be reflected in some SCSTs, such as“gynan-
droblastomas” with simultaneous Sertoli and gran-
ulosa cell differentiation.

After malignant transformation of Sertoli or
granulosa cells, these are often accompanied by a
stromal component. Moreover, some tumors can'be
found that display pure stromal differentiation. Ex-
amples are tumors of the thecoma-fibroma group,
Leydig cell tumors and sclerosing stromal tumors.

Pathologically it“has proven useful to stage
OSCST according to the guidelines for staging ovar-
ian_tumors-proposed by the International Federa-
tion of Gynecology and Obstetrics.!? This staging
system is based on clinical, cytologic and patholog-
ic assessment.

Histologically, OSCSTs have been classified ac-

cording to the World Health Organization classifi-
cation of ovarian tumors.!? Table I shows the rela-
tive frequencies of the different histologic types of
OSCST in childfen and adolescents as registered in
the Pediatric Tumor Registry of the German Society
of Pediatric Oncology and Hematology.

All OSCSTs produce inhibin A and B, and in our
immunohistochemical analysis, 95% of OSCSTs at
least focally stained positive for inhibin. Therefore,
the immunohistochemical detection of inhibin con-
stitutes a reliable diagnostic marker that distin-
guishes SCST from the more frequent germ cell tu-
mors, ovarian carcinoma and other tumors of
different cellular origin3

Characteristic histologic samples of JGCT and
SLCT are demonstrated in Figure 1. Additional de-
tails regarding the histologic morphology of SCST
can be obtained from Armed Forces Institute of
Pathology atlases? and publication by the Kiel
study group.3!3 In addition, coexpression of cyto-
keratins and vimentin is found frequently in
OSCST. This phenomenon indicates that JGCT and
SLCT mimic patterns characteristic of immature
primordial follicles in the ovary and fetal testis, re-
spectively.

Clinical Presentation

OSCSTs often induce clinical symptoms related to
production of sex hormones by the tumor.'* Char-
acteristically, infants and children present with
signs of isosexual precocity, including breast en-
largement, pubarche.and vaginal bleeding. In post-
pubertal girls, tumors may lead to primary or sec-
ondaryamenorrhea and nonspecific signs of
virilization, such as pronounced acne.!4

Like steroid hormone—producing cells, OSCSTs
also produce inhibin. Free inhibin can’bemeasured
in the serum and may serve as a serologic tumor
marker during follow-up. However, the diagnostic
value may sometimes be hampered by the physio-
logically broad normal range in healthy, prepuber-
tal children.’®16

In rare patients, SLCT may produce a-fetoprotein
(AFP) which can be detected serologically. Histo-
logically, most of these tumors resemble SLCT, with
retiform, often hepatoid differentiation and heterol-
ogous elements.”

Differential Diagnosis

OSCSTs have to be distinguished from ovarian
germ cell tumors, epithelial ovarian cancer and go-
nadal tumors of different histogenesis, such as
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Figure 1 Histologic appearance of JGCT (A) showing pseudofollicular structures and increased mitotic activity, and (B) Sertoli-Leydig cell

tumor with tubular structures. (A and B, x 100; inset, x 500).
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in advanced-stage JGCT. Colombo reported on a
girl with a stage III JGCT that achieved complete re-
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Overall sunvival: 0.88+0.05 (56/62 pts.)

Event-free sunvival Q.87 + 0.05(55/62 pts.)
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Figure 2 Event-free and overall survival in 62 children and ado-
lescents with OSCST and follow-up data. pts = Patients.

mained in complete remission for 7 years, during
which she gave birth to more children. The same
authors reported on 2stage III tumors successfully
treated with surgical debulking and chemotherapy
with carboplatin and etoposide and.on a recurrent
JGCT with liver metastases-that achieved complete
remission for 44 months after surgery and after 6
cycles of bleomycin and taxol.??23

Review of the MAKEI Data

Although case reports certainly represent a selec-
tion of encouraging experience, these reports are in
line with the data from the German study group.
Between 1980 and 2002, 64 patients with OSCST
were enrolled in the MAKEI protocols. For 62 pa-
tients, follow-up data have also been reported. In
recent years, 10 patients have been registered each
year.

The overall clinical and pathologic data obtained
in our series correlate well with other series-on
OSCST. 112 However, there appears to be aslight se-
lection toward higher-stage tumors in our series.
This holds when an additional 31 tumors reported
to the Kiel Pediatric Tumor Registry but not to the
MAKEI registry during the same period are includ-
ed in.the analysis of stage3!4: 100% of stage II-III tu-
mors, 95% of stage Ic but only 64% of stage la tu-
mors diagnosed at the Kiel registry were also
reported to MAKEIL These data indicate that the
real incidence of OSCST is higher than can be as-

sumed from the data from the clinical MAKEI reg-
istries alone.

Considering the whole cohort, the overall prog-
nosis is favorable, and cure rates exceed 80% (Fig-
ure 2) and are therefore comparable to those of
other studies.! Figure 2 also demonstrates that the
currently applied strategies for salvage treatment
after relapse are insufficient since all but 1 patient
with relapse ultimately died as a result of disease
progression. This indicates that it is necessary to
identify high-risk patients early and to administer
intensive treatment to them during primary thera-
py-
The overall favorable prognosis can be explained
by the observation. that almost half of all OSCSTs
are diagnosed at FIGO stage Ia (Figure 3). Approxi-
mately40% of OSCSTs are classified as stage Ic (mi-
croscopic residues—i.e., tumor rupture, malignant
ascites, microscopically incomplete resection), and
approximately 10% present with. peritoneal metas-
tases (stage II-1II). Distant metastases have been ob-
served in relapse situations only.

In all patients, tumor resection (tumorovarecto-
my/tumoradnectomy) constitutes both a diagnos-
tic and therapeutic procedure. The MAKEI data do
not indicate that radical retroperitoneal lymph
node resection or extended lymph node sampling is
mandatory in all OSCSTs because lymph node
metastases have been observed only rarely and
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Figure 3 Event-free survival in 62 children and adolescents with
OSCST and follow-up data stratified in accordance with tumor
stage. pts = Patients, Cum = cumulative, EFS = event-free
survival.
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Figure 4 Event-free survival in 25 patients with stage lc OSCST
stratified by the suspected time of the microscopic tumor spread.
Seven patients with preoperative tumor rupture received adjuvant
chemotherapy, and among these, 3 relapses occurred. Among 5
patients with preoperative tumor rupture who were not treated
with adjuvant chemotherapy, 2 relapses occurred. pts = Patients,
Cum = cumulative, EFS = event-free survival.

most commonly in (extended) relapse situations.
Our data and the only other published series on
JGCT* suggest that no adjuvant therapy is neces-
sary in stagela tumors.

The data reported 'by the MAKEI study group
represent the first cohort of patients prospectively
registered and treated according to a uniform strat-
egy.'* Based on these data, risk stratification for ad-
juvant chemotherapy can be proposed for patients
with tumors of stage Ic, II or III.

Stage Ic

In stage Ic, the decision for oriagainst adjuvant che-
motherapy is very difficult. Tumors in which mi-
croscopic tumor spread is suspected or proven (but
no pathologic evidence of peritoneal metastases)
are classified as stage Ic. According to FIGO, tumors
may be classified as stagedc for several reasons. In
some patients, preoperative tumor rupture may
have occurred, and in others the cytologic analysis
of peritoneal washings or ascites provides evidence
of malignant tumor cells. In contrast, other tumors
may also be classified as stage Ic if the tumor has
been punctured or the capsule has otherwise been
violated in situ even though the tumor capsule has
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been'intact prior to surgery (intraoperative viola-
tion of tumor capsule).

Our previous analysis demonstrated that intra-
operative violation of the tumor capsule does not
carry an increased risk of recurrence. In contrast, we
have seen a high relapse rate (comparable to that in
stage II-1II) in patients in whom the tumor has been
ruptured prior to surgery or in whom ascites con-
tained malignant cells (Figure 4).14 This observation
indicates that thorough documentation and critical
evaluation of the clinical and surgical report is
mandatory and that cytologic analysis of ascites/
peritoneal washings is indispensable. In cases with
incomplete documentation or missing cytological
evaluation, the assessment of the proliferative ac-
tivity of the tumors may help with regard to risk as-
sessment (Figure 5), butnevertheless a higher grade
of uncertainty remains.

Stage 11111

In stage II-III, microscopic or macroscopic spread
with peritoneal or lymph node metastases has oc-
curred. It is.obvious that surgical treatment alone
will not'be curative but must be supplemented with
adjuvant chemotherapy. In the past, cure of OSCST
has 'been reported in single cases only.?2-24 The
MAKEI group was the first to report a series of
patients with advanced tumor stage who were
treated with adjuvant cisplatin-based combination

.l

Stagelc, < 20 mitoses /I0HPF: 1.0(14/14 pts.)

dinnin

StageIc, =20 mitoses/I0HPF: 0.33+ 0.19 (26 pts.)
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0.0 p=0.004
0 12 24 36 48 60 72 84 96 108 120
EFS (months)

Figure 5 Event-free survival in 20 patients with stage Ic OSCST
and complete data stratified by mitotic activity. pts = Patients,
Cum = cumulative, EFS = event-free survival.



Volume 50, Number/Month 2005

chemotherapy.22¢ In this series, 4 of 6 patients
with stage II-III tumors achieved long-lasting re-
mission following surgery and adjuvant chemo-
therapy.

Both patients who died as a result of tumor pro-
gression showed high proliferative activity (= 20 mi-
toses/10 high-power fields), while the 4 remaining
patients had a lower mitotic count. This observation
is in line with the analysis of the prognostic impact
of proliferative activity in stage Ic tumors. Figure 5
demonstrates that in stage/Ic tumors, a high mitotic
index correlates with impaired outcome. Clearly,
high proliferative activity distinguishes patients
with poor prognosis.

In addition to Pproliferative index, age also ap-
pears prognostic.'* We demonstrated that age
younger than 10 years correlates with favorable
outcome. Therefore, we propose that 2 biologically
and clinically distinct types of tumor might exist.
One occurs in young children, commonly results in
isosexual precocity, is diagnosed at early stages and
is prognostically favorable, inline with French data
that isosexual precocity correlates with favorable
outcome.# The other type appears later, causes en-
docrinologic symptoms less frequently and maly
present at an advanced stage and is relatively re-
fractory to treatment.

Critical Issues

There are several issues that remain to be addressed
critically. The indication for chemotherapy and the
minimum amount of chemotherapy necessary in
stage Ic tumors are ill defined. Our data suggest
that among stage Ic patients, a subgroup of patients
at high risk can be identified through histologic as-
sessment. These patients may be suitable for adju-
vant chemotherapy. However, the limited data
available from our analysis do not allow definition
of the required chemotherapy for tumors at stage Ic
or higher. In our study, all patients with stage II-1II
tumors received at least 4 \cycles.'#25 Considering
other studies with less favorable outcomes,'*1° we
would not advocate less but rather argue for exten-
sion to 6 cycles. Although, to.a certain extent,
chemotherapeutic regimens varied with consecu-
tive MAKEI protocols, all but 1 patient received
chemotherapy that included cisplatin and etopo-
side, mostly-as part of 3-agent regimens. Therefore,
it appears effective to include these 2 drugs in a 3-
agent combination regimen such as cisplatin, etopo-
side’and ifosfamide.

Lastly, alternative strategies must be developed

1]
il

for refractory tumors. In our experience, regional
deep hyperthermia has resultedin,complete remis-
sion in recurrent and refractory OSCST; although
experience with thisrapproach islimited, and re-
sponses did not translate into durable remissions
longerthan 2 years.?”

Proposed Concept of the Prospective OSCST 2004
Trial

In 2004 the first worldwide prospective trial on
OSCST in children and adolescents began. This trial
aims for a more thorough registration of German
patients with OSCST in order to improve our
knowledge of the epidemiology of OSCST. In addi-
tion, accompanying molecular biologic studies will
be performed. that will focus on the association of
OSCST with hereditary disorders and on biologic
markers with potential prognostic significance.

Most important, a risk-stratified therapeutic
strategy will be followed based on our previous ex-
perience, outlined-above. Therapeutic decisions
will be made with regard tothe parameters histol-
ogy, tumor stage, completeness of resection and mi-
toticindex. Stage Ia tumors will be followed expec-
tantly. Tumors categorized as stage Ic because of
intraoperative tumor violation only will be fol-
lowed expectantly, too. In contrast, tumors that are
classified as stage Ic because of malignant ascites,
tumor rupture prior to surgery or microscopic
spread beyond the tumor capsule will be treated
with cisplatin-based’ chemotherapy. The same
chemotherapy will be administered for stage II and
III tumors.

Sineeoutcome is unsatisfactory in advanced tu-
mors with a high mitotic index, therapy must be in-
tensified in them. Therefore, we suggest treating
these patients with cisplatin-based chemotherapy
in combination with regional deep hyperthermia
for first-line treatment.

Since the registration rate of the protocol will be
too low, there will be no randomized comparison,
but the different groups of patients will be com-
pared to historical controls from MAKEI studies.

Conclusion

Our analysis of 64 prospectively documented pa-
tients allows the development and prospective
evaluation of risk-adapted therapeutic strategies in
OSCST based on a standardized clinical and
histopathologic assessment. However, the data pre-
sented in this analysis are limited and await valida-
tion in a larger, prospective trial. Considering that



the incidence of OSCST is probably underestimated
because of incomplete patient recruitment, the
studies summarized in this review reveal encourag-
ing perspectives that merit further investigation.
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