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tumors (Adamski et al., 2014).
We present a case of a patient with advanced stage cPNET tumor

arising from an ovarian teratoma and describe our successful approach
to treatment using a medulloblastoma chemotherapy regimen.

2. Case report

A 37-year old African American female presented to an outside
emergency department in December 2013 with complaints of gradual
onset abdominal pain and constipation. A computed tomography (CT)
scan at that time showed a 10-cm left ovarianmass, omental cake, ascites,
1. Introduction

Central type, primitive neuroectodermal tumors (cPNETs) of the
ovary are exceedingly rare, poorly-differentiated germ cell tumors that
share histology with PNET tumors of the central nervous system.
Ovarian cPNETs can be primary malignancies (monophasic teratomas)
or can exist as immature neural and glial precursors within teratomas
(Morovic & Damjanov, 2008). Kanbour-Shakir et al. described an
illustrative case of a PNET of the ovary arising in amature cystic teratoma.
Within the specimen, a transition zone of immature neoplastic elements
from mature neural elements was noted (Kanbour-Shakir et al., 1993).

cPNETs are histologically identical to CNS-PNETs and recapitulate im-
mature cell-types including medulloepitheliomas, ependymoblastomas
and neuroblastomas (Kleinman et al., 1993). Ovarian medulloblastomas
are currently classified as cPNETs but may be considered separate
from other cPNETs to mirror the World Health Organization's 2007
classification of childhood CNS embryonal tumors (Louis et al.,
2007). The WHO classification includes three main tumor groups:
CNS-PNETs, medulloblastomas and atypical teratoid/rhabdoid tu-
mors. Medulloblastomas are now separated from CNS-PNETs,
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carcinomatosis and pelvic and paraaortic adenopathy as large as 2 cm in
size. She was ultimately referred to a gynecologic oncologist and in
February 2014 underwent an exploratory laparotomy, supracervical
hysterectomy, bilateral salpingo-oophorectomy, omentectomy, lymph
node dissection and suboptimal tumor reductive surgery. There was an
extensive peritoneal disease left at the conclusion of surgery.

Upon the reviewof thepathologymaterial, the tumorwas diagnosed
as a central type, primitive neuroectodermal tumor (cPNET) arising in
an immature teratoma of the left ovary. The tumor extended to the
left fallopian tube and metastasized to the contralateral ovary, right
fallopian tube, uterine serosa, myometrium, uterine cervix and pelvic
lymph nodes. The areas of cPNET contained mitotically active small
blue cells arranged in sheets, trabeculae or confluent nests (Fig. 1A).
Ependymal type rosettes and glial differentiation were noted (Fig. 1B
and C, respectively). Immunohistochemical studies showed that the
tumor cells were patchy positive for S-100, synaptophysin, GFAP and
NSE (Fig. 2A and B) while rare cells showed membranous staining for
CD99 (Fig. 2C). Very focal membranous expression of CD99, as seen in
our case, contrasts with the strong and diffuse staining seen in periph-
eral type PNETs. This unusual finding has been noted in rare cases of
supratentorial PNETs and in a rare case of cPNET involving the uterus
(Visee et al., 2005; Euscher et al., 2008). The tumor cells were negative
for keratin, EMA, chromogranin and WT−1. Fli-1 was non-contributory
as there was background staining.

Postoperatively, she recovered well without complications; howev-
er, in the subsequent two months she developed symptomatic ascites
and had two paracenteses. She presented to our gynecologic oncology
clinic at MD Anderson in late April 2014 for treatment planning.
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Fig. 1. Sheets of mitotically active blue cells (A), ependymal type rosettes (B), and glial differentiation (C) (all images, H&E stained slides at 200× magnification).

58 S.S. Winkler et al. / Gynecologic Oncology Reports 13 (2015) 57–59
At the time of consultation, we obtained a pretreatment CT of the
chest, abdomen and pelvis that showed large volume ascites, exten-
sive peritoneal disease with bulky implants, paraaortic and pelvic
adenopathy, and diaphragmatic and mediastinal adenopathy. Serum
tumor markers included a CA-125 20.2 U/ML, carcinoembryonic
antigen serum 0.4 ng/mL, alpha fetoprotein 3.3 ng/mL, and human cho-
rionic gonadotropin 4.4 mIU/ML.

Given the paucity of data informing treatment of cPNET of the ovary
and the morphologic similarity to CNS-PNET and medulloblastoma, we
consulted with our pediatric neuro-oncology colleagues. After discus-
sion at our multidisciplinary planning conference, we elected to treat
our patientwith a departmentalmedulloblastoma regimen of etoposide
60 mg/m2 IV on cycle days 1, 2 and 3; cisplatin 25 mg/m2 IV on cycles
days 1, 2, and 3; and cyclophosphamide 1000 mg/m2 IV on cycle day
3. Cycles were repeated every three weeks. The patient was admitted
for neutropenic fever and acute kidney injury following cycle #1 and
pegfilgrastimwas given with subsequent cycles. Otherwise, she tolerat-
ed the chemotherapy well.

After completion of cycle #3 a CT of the chest, abdomen and pelvis
demonstrated treatment response with interval decrease in the
abdominopelvic carcinomatosis and metastatic adenopathy in the
mediastinal, paraaortic and pelvic nodes. Ca-125was 25.2 U/mL. The pa-
tient underwent CT imaging after every 3 cycles of therapy to evaluate
for response. She ultimately received a total of 10 cycles of therapy at
which time she was noted to have disease progression. She is currently
receiving combination therapy with doxorubicin and dacarbazine.

3. Discussion

Central type, primitive neuroectodermal tumors of the ovary are
poorly differentiated malignant small round cell tumors composed of
neural and glial precursors. These tumors are histologically related to
primitive neuroectodermal tumors of the central nervous system
(CNS-PNET). cPNETs are distinct from peripheral PNETs (pPNETs) of
the ovary, which are part of the Ewing sarcoma group of tumors that
arise from neural crest cells. As other authors have pointed out, this dis-
tinction between central and peripheral PNETs is not always clear in the
literature (Lim et al., 2013). Molecular profiles of pPNETs usually dem-
onstrate a signature chromosomal translocation, t(11:22)(q24:q12),
Fig. 2. Tumor cells are positive for synaptophysin (200× magnification) (A), some of the tumo
staining for CD99 (200× magnification) (C).
though multiple aberrations have been described including deletions
in Rb and amplification of N-myc and EGFR (Chow et al., 2004 Mar).
Ishii et al. performed molecular profiling to characterize classic pPNETs
and cPNETs and concluded that cPNETs lack any specific genetic or
protein markers (Chow et al., 2004 Mar; Ishii et al., 2001). Therefore,
molecular profiling was not performed in our case.

Various treatment approaches have been described including sur-
gery alone with observation and surgery with chemotherapy with or
without radiation therapy. Original chemotherapy protocols for ovarian
PNETs employed regimens established for the treatment of ovarian
germ cell malignancies (i.e. bleomycin, etoposide, cisplatin), but out-
comes are poor, especially for advanced stage disease (Kleinman et al.,
1993; Gershenson et al., 1990). Other treatment regimens have been
proposed which adapt pediatric neuro-oncology regimens to match
the specific malignant cell type.

Few case reports describe a robust response to chemotherapy in
patients with advanced stage ovarian PNETs. Block et al. reported a
case of a 22-year old with recurrent metastatic neuroblastoma aris-
ing in an immature teratoma who was treated with a 9-month
course of chemotherapy (cyclophosphamide, doxorubicin, vincris-
tine and dimethyltriazenoimidazole carboxamide) followed by
consolidation radiotherapy (Block et al., 1984). At the time of the
case report, the patient was in complete remission 4 years after
treatment. Lawlor et al. described a case of a 13-year old with met-
astatic ovarian PNET with neuroblastic and focal ganglionic differ-
entiation treated with aggressive chemotherapy after suboptimal
debulking (Lawlor et al., 1997). The regimen included cisplatin,
etoposide, cyclophosphamide and doxorubicin with consolidation
carboplatin, melphalan and thiotepa. This was followed by periph-
eral blood progenitor cell rescue. This patient had no evidence of
disease at 14 months of follow-up. Clinkard et al. described a chemo-
therapy regimen using cisplatin and etoposide to treat a suboptimally
debulked stage IIIc ovarian medulloblastoma. The patient was without
evidence of disease at 7 years of follow-up (Clinkard et al., 2011)
(Table 1). Kleinman et al. published a series of 12 ovarian PNET cases,
7 of which were advanced stage at the time of diagnosis. In this series,
no distinction is made between central and peripheral PNETs. In addi-
tion, specific chemotherapy regimens were not described (Kleinman
et al., 1993).
r cells are positive for GFAP (200× magnification) (B), and rare cells show membranous
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Table 1
Published reports of chemotherapy response in patients with advanced ovarian PNET.

Report Pathology Regimen Duration of treatment Outcome

Block et al. (1984) Recurrent, metastatic ovarian neuroblastoma
arising in immature teratoma

Cyclophosphamide, doxorubicin, vincristine
and dimethyltriazenoimidazole carboxamide
followed by consolidation radiotherapy

9 months NED at 18 months

Lawlor et al. (1997) Metastatic ovarian PNET with neuroblastic and
focal ganglionic differentiation

Suboptimal debulking followed by induction
with cisplatin, etoposide, cyclophosphamide
and doxorubicin. After stimulation, apheresis
performed followed by myeloablative doses
of carboplatin, melphalan and thiotepa and
reinfusion of peripheral blood progenitor cells

4 cycles NED at 14 months

Clinkard et al. (2011) Stage IIIc ovarian medulloblastoma Suboptimal debulking followed by cisplatin and etoposide 3 cycles NED at 7 years
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For our patient, we elected to use an established medulloblastoma
regimenwith etoposide, cisplatin and cyclophosphamide. After 3 cycles
of chemotherapy, she demonstrated an excellent response on repeat
imaging. After 6 cycles of therapy, her diseasewas stable. She ultimately
had progression of her diseasewithworsening ascites and carcinomato-
sis after 10 cycles of therapy.

4. Conclusion

Central type, primitive neuroectodermal tumors of the ovary are
exceedingly rare tumors that resemble CNS-PNETs. We report a case
of advanced ovarian cPNET tumor with an excellent initial response to
a pediatric medulloblastoma chemotherapy regimen using etoposide,
cisplatin and cyclophosphamide.
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