UC Davis
UC Davis Previously Published Works

Title

Gonadal dysgenesis is associated with worse outcomes in patients with ovarian
nondysgerminomatous tumors: A report of the Children's Oncology Group AGCT 0132 study

Permalink
https://escholarship.org/uc/item/2121p2if
Journal

Pediatric Blood & Cancer, 65(4)

ISSN
1545-5009

Authors

Dicken, Bryan |
Billmire, Deborah F
Krailo, Mark

Publication Date
2018-04-01

DOI
10.1002/pbc.26913

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/2121p2j6
https://escholarship.org/uc/item/2121p2j6#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pediatr Blood Cancer. Author manuscript; available in PMC 2018 November 06.

-, HHS Public Access
«

Published in final edited form as:
Pediatr Blood Cancer. 2018 April ; 65(4): . doi:10.1002/pbc.26913.

Gonadal dysgenesis is associated with worse outcomes in
patients with ovarian nondysgerminomatous tumors: A report of
the Children’s Oncology Group AGCT 0132 study

Bryan J. Dicken?!, Deborah F. Billmire2, Mark Krailo3, Caihong Xia3, Furgan Shaikh?, John
W. Cullen®, Thomas A. Olson®, Farzana Pashankar’, Marcio H. Malogolowkin8, James F.
Amatruda®, Frederick J. Rescorla?, Rachel A. Eglerl®, Jonathan H. Ross19, Carlos
Rodriguez-Galindo!1, and A. Lindsay Frazierl?

1Stollery Children’s Hospital, University of Alberta Hospital, Edmonton, Alberta, Canada
2Riley Hospital for Children, Indianapolis, Indiana

3Keck School of Medicine, University of Southern California, Los Angeles, California
4The Hospital for Sick Children, Toronto, Ontario, Canada

SRocky Mountain Hospital for Children-Presbyterian St Luke’s Medical Center, Denver, Colorado
6Children’s Healthcare of Atlanta, Emory University, Atlanta, Georgia

"Yale University, New Haven, Connecticut

8University of California Davis, Davis, California

9University of Texas Southwestern Medical Center, Dallas, Texas

1%Rainbow Babies and Children’s Hospital, Cleveland, Ohio

11st. Jude Children’s Research Hospital, Memphis, Tennessee

12Dana-Farber Cancer Institute and Boston Children’s Hospital, Boston, Massachusetts

Abstract

Purpose: In this report, we characterize the timing and behavior of malignant ovarian germ cell
tumors (GCTSs) in pediatric patients with dysgenetic gonads compared to those with normal
gonadal development.

Patients and methods: Patients from the Children’s Oncology Group AGCT0132 with
malignant ovarian GCTs were included. Within this population, we sought to identify patients with
gonadoblastoma, streak ovaries, or other evidence of gonadal dysgenesis (GD). Patients with
malignant GCTs containing one or more of the following histologies—yolk sac tumor, embryonal
carcinoma, or choriocarcinoma—were included. Patients were compared with respect to event-free
survival (EFS) and overall survival (OS).
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Results: Nine patients with GD, including seven with gonadoblastoma (mean age, 9.3 years),
were compared to 100 non-GD patients (mean age, 12.1 years). The estimated 3-year EFS for
patients with GD was 66.7% (95% CI 28.2-87.8%) and for non-GD patients was 88.8% (95% ClI
80.2-93.8%). The estimated 3-year OS for patients with GD was 87.5% (95% CI 38.7-98.1%) and
for non-GD patients was 97.6% (95% CI of 90.6-99.4%).

Conclusion: Patients presenting with nongerminomatous malignant ovarian GCTS in the context
of GD have a higher rate of events and death than counterparts with normal gonads. These findings
emphasize the importance of noting a contralateral streak ovary or gonadoblastoma at histology
for any ovarian GCT and support the recommendation for early bilateral gonadectomy in patients
known to have GD with Y chromosome material. In contrast to those with pure dysgerminoma,
these patients may represent a high-risk group that requires a more aggressive chemotherapy
regimen.

Keywords
gonadal dysgenesis; malignant ovarian germ cell tumor; pediatric outcome

1 BACKGROUND

Gonadal dysgenesis (GD) results from a disorder of sexual development in which
chromosomal, gonadal, or anatomic sex are atypical.}=3 This condition affects one in 4,500
5,000 live births,2 and encompasses a wide spectrum of phenotypic presentations including
normally virilized males or undervirilized males, patients with ambiguous genitalia, and
normal phenotypic females.3 The diagnosis of GD places the patient at an increased risk
(15-60%) for developing gonadal germ cell tumors (GCT), especially gonadoblastoma.1~7
The presence of Y-chromosome material or an intraabdominal gonad position increases the
risk of developing a gonadal GCT.6:8.9

Gonadoblastoma is a benign neoplasm that exclusively occurs in dysgenetic gonads of
children and young adults.10 In the original series of 74 patients described by Scully, 36%
were bilateral.” Approximately 80% of cases occur in phenotypic females, with virilization
observed in 60%.19 In more than 90% of reported gonadoblastoma, a Y chromosome or
fragment can be identified.10 Gonadoblastoma are characterized by islands or nests of
primordial germ cells, mixed with sex cord derivatives, that are capable of undergoing
transformation into germinoma or other invasive malignant GCTs.1%:11 Transformation of
gonadoblastoma to malignant GCTSs is reported in up to 60% of patients with GD.10 Most
case series have small numbers of patients and describe pure germinoma as the predominant
malignant histology. Additional tumor types observed with gonadoblastoma include yolk sac
tumor, embryonal carcinoma, and choriocarcinoma. Benign variants of teratoma may also
occur.

Endocrinology consensus on the management of intersex disorders recommends
gonadectomy in all high-risk groups (patients with Y-chromosomal material [GBY region]
and/or intraabdominal gonads or streak gonads) at diagnosis due to the risk of malignancy
(15-60%).6 Patients with complete androgen insensitivity syndrome (CAIS) are felt to be a
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lower risk group with later onset of tumors that may have gonadectomy deferred until
puberty to allow for potential beneficial effects of hormonal secretion to occur.12

Patients with unrecognized GD who present with malignant ovarian GCTs may not behave
in an expected fashion. In this report, we characterize the timing and behavior of malignant
ovarian GCTs in those with dysgenetic gonads compared to those patients with normal
gonadal development. We examine the frequency of patients with dysgenetic gonads in the
overall population of malignant ovarian GCTs, and compare the histologies, age and stage at
presentation, event rates, and survival rates of patients with normal and abnormal gonads
among ovarian patients enrolled on Children’s Oncology Group (COG) study AGCT0132.

2 METHODS

The patients included in this report are all patients with an ovarian GCT enrolled on the
COG protocol AGCT0132. Details of AGCT0132 are described in detail elsewhere.12 The
patient was required to have a malignant histology defined as yolk sac tumor, embryonal
carcinoma, or choriocarcinoma. Mixed GCTs could also have additional histologies
including teratoma, gonadoblastoma, and dysgerminoma/seminoma. Patients with pure
mature teratoma/immature teratoma or pure dysgerminoma/seminoma were excluded. All
patients underwent central pathologic review. Briefly, patients with stage | ovarian and
testicular malignant GCTs underwent active surveillance after surgical resection and if a
recurrence were noted, they were transferred to the intermediate-risk arm to undergo
chemotherapy. Also included in the intermediate-risk arm were patients with ovarian stage |1
or Il tumors; patients with ovarian stage IV tumors were excluded from this protocol.
Details for COG staging criteria have been reported previously.!3 The chemotherapy
consisted of three cycles of compressed pediatric PEb (cisplatin 100 mg/m?/cycle and
etoposide 500 mg/m?2/cycle, delivered days 1-3 and bleomycin 15,000 units/m? per cycle on
day 1).12

For this study, we identified patients with gonadoblastoma, streak ovaries, or other evidence
of GD. This GD group was compared to all primary non-GD ovarian tumors. Demographics
including primary site, phenotypic gender, and chromosomal abnormality if known, age at
diagnosis, stage at diagnosis, and additional histology in the primary specimen were
evaluated.

Patients were compared with respect to event-free survival (EFS) and overall survival (OS).
EFS was defined as the time from the start of chemotherapy until disease progression,
diagnosis of a second malignant neoplasm, death, or last patient contact, whichever occurred
first. Patients who did not experience an event were censored at last contact. OS was defined
as the time from enrolment until death or last patient contact, whichever occurred first. The
survivor function for EFS and OS were estimated by the method of Kaplan and Meier.14 Con
fidence intervals (CIs) for the survivor function were calculated using the complementary
log-log transformation. A P-value of 0.05 or less was considered evidence to contradict the
null hypothesis. No adjustment was made for the number of statistical tests performed.
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3 RESULTS

The COG protocol AGCT0132 was opened to all member institutions in November 2003
and closed in July 2011. Data current to March 2015 were used in this analysis. Overall
results of the trial are reported elsewhere.1® One hundred thirty-eight females with ovarian
GCTs were enrolled; there were no patients with GD in the stage I; hence this report is
limited to the 109 patients in the intermediate-risk group. Characteristics of this population
are summarized in Table 1. The patients ranged in age from 2 to 12 years (mean 9.3 years) in
the GD group, compared to 0 to 20 years (mean 12.1 years) in the non-GD group. Among
the GD group, 78% of the tumors were mixed histology compared to 66% in the non-GD
group. Among the 109 intermediate-risk ovarian patients enrolled, there were 47 stage Il and
62 stage 11 patients. Within the GD group, two (22%) were stage 11 and seven (78%) were
stage |11 patients. In contrast, in the non-GD group, 45 (45%) were stage Il and 55 (55%)
were stage Il patients. The median and ranges of b-HCG and AFP levels at diagnosis are
presented in Table 1. GD was identified in association with an ovarian primary malignant
GCT in nine patients representing 8% of the intermediate-risk ovarian tumors. This group
was compared to all primary non-GD ovarian tumors (n = 100).

In Table 2, we provide further detail on the nine patients with GD. Of the patients with GD,
seven patients had gonadoblastoma identified from review of the pathologic records. Of the
two patients without gonadoblastoma, one patient had CAIS. This patient’s primary tumor
was mixed histology containing malignant yolk sac and peripheral neuroendocrine tumor
(PNET) like stromal elements. The other patient had streak gonads with calcification likely
representing burned out gonadoblastoma as described by Scully.”

Within the GD group, there were four events—two recurrences and two deaths. Patient 3
died 7.4 years following diagnosis from a second malignancy (lymphangiosarcoma). This
patient died of massive hemorrhage from pleural and peritoneal metastasis. Patient 4 died1.6
years following recurrence at the site of the primary tumor. This patient had a mixed tumor
containing choriocarcinoma that was unresponsive to therapy. Patient 7 developed a
recurrent tumor at 18 months from diagnosis. This was identified with imaging outside the
primary tumor bed. Patient 8 developed a recurrence in the primary tumor bed and was
detected via elevated AFP at scheduled follow-up. This patient was alive as of March 2015.
There were no treatment-related deaths in this cohort.

Information regarding the contralateral gonad was incomplete as secondary operative
procedures and pathology reports were not always available. One patient had bilateral
gonadectomy at initial procedure and the contralateral gonad had gonadoblastoma. The
patient with CAIS had a second procedure soon after completing chemotherapy for residual
nodal disease and the contralateral gonad removed had normal testicular tissue. One patient
with biopsy only at diagnosis due to extensive disease had bilateral gonadectomy soon after
completing chemotherapy with bilateral gonadoblastoma and still had viable
choriocarcinoma, germinoma, and teratoma in the primary ovary. Two patients are known to
have had later contralateral gonadectomy but pathology reports are unavailable. In four
patients, no information was available.

Pediatr Blood Cancer. Author manuscript; available in PMC 2018 November 06.
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The estimated 3-year EFS for patients with GD was 66.7% (95% CI 28.2-87.8%) and for
non-GD patients was 88.8% (95% CI of 80.2-93.8%) (Figure 1). Patients who did not have
GD in this analysis were at significantly reduced risk of EFS event (= 0.0075). The
estimated 3-year OS for patients with GD was 87.5% (95% CI 38.7-98.1%)and for non-GD
patients was 97.6% (95% CI of 90.6-99.4%) (Figure 2). Patients who did not have GD in
this analysis were at significantly reduced risk of death (= 0.0012).

4 DISCUSSION

The primary analytic cohort consisted of patients with a nongerminomatous malignant
ovarian GCT enrolled on AGCT0132 as intermediate-risk patients. GD was noted in 8% of
the intermediate-risk patients and is comparable to the 14% incidence of GD in a series of
ovarian GCTs in adolescent and adult patients by Lin at al., which also included germinoma
and immature teratoma.18 In our series, patients with GD are apparently at higher risk of
treatment failure with standard chemotherapy (EFS 66.7% [95% CI 28.2-87.8%] vs. 88.8%
[95% CI 80.2-93.8%)] and OS 87.5% [95% CI 38.7-98.1%] vs. 97.6% [95% CI 90.6—
99.4%]). The mean age at diagnosis for patients with abnormal gonads was younger than the
comparison group (9.3 years vs.12.1 years) and all were less than 13 years. No patient with
GD presented in the low risk group (stage I).

Our results suggest that patients presenting with nongerminomatous malignant ovarian
GCTs within dysgenetic gonads are at a significantly decreased EFS and OS when compared
to non-GD ovarian tumors. Only one of the seven patients was known to have GD prior to
surgery. This 2-year-old female child with CAIS presented with yolk sac tumor and PNET-
like areas in an intraabdominal testis. She was in a low-risk group where gonadectomy is
typically delayed until puberty. There is only one previous case report of germ cell
malignancy in a patient less than 10 years with CAIS.217 Although there is a recognized
association of CAIS with the development of gonadoblastoma (30%), there is no reported
association of CAIS and PNET-like tumors in the context of GD.18 The other patients were
discovered due to the finding of a streak gonad at operation or by the finding of
gonadoblastoma at histology. This observation reinforces the importance of careful
inspection and documentation of the contralateral ovary at initial operation as well as
thorough histological examination of the specimen. The finding of bilateral tumors at
diagnosis would preclude the ability to detect a streak ovary on the contralateral side. In the
previously reported intergroup study of ovarian GCTs by Billmire et al.,13 11 of 131 patients
had bilateral disease at diagnosis and two of those also had gonadoblastoma. Chromosomal
studies were not available in that report. An interesting finding was reported by Hennes et al.
19jn their review of the Kiel German Childhood Tumor Registry. They chose to undertake
molecular genetic analysis of their ovarian GCT patients with bilateral tumors at diagnosis.
All of their patients were phenotypic females with no history of genetic abnormality and
included both benign and malignant GCTs. Y chromosomal DNA was found in six patients.
Five of the six patients had bilateral germinoma with three showing gonadoblastoma. The
sixth patient had immature teratoma bilaterally with elevated AFP but no yolk sac
component seen at histology. One patient with dysgerminoma had a tumor recurrence but
responded to therapy.

Pediatr Blood Cancer. Author manuscript; available in PMC 2018 November 06.
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Two patients had somatic components in their tumor at diagnosis (PNET and sarcoma).
Previous studies have reported similar sarcomatous elements within malignant GCTs, either
within the primary or metastatic sites.20 Guo et al.2! suggested that sarcomatous elements
confined to the primary GCTs might not have a higher risk of mortality than stage-matched
controls without sarcoma elements. In our series, patient 1 (PNET like) had a diagnosis of
CAIS, and to date has had no disease-related events. Patient 5 (stromal sarcoma) similarly
was disease free at last follow-up. This is in contrast to data reported by Terenziana et al.
that reported a worse prognosis for GCTs containing malignant somatic components in the
pediatric population.22 This group suggested that surgery played an essential role in
localized disease, with complete resection associated with desirable outcomes.?2 This may
be reflected in the outcome in our series, where both patients had complete resection, and
are alive and well at last follow-up.

Most reports of germ cell malignancy arising in gonadoblastoma are from unselected series
of either ovarian germ cell malignancies or patients with known abnormal gonads. Prior
series note germinoma to be the most common malignancy in patients with abnormal gonads
and describe good success with treatment. In Lin’s series6 of 50 patients age 13-49 years, 7
patients with GD were found with five containing gonadoblastoma. Six of those patients had
germinoma as the only malignant histology and one had a mixed tumor with teratoma and
embryonal carcinoma (i.e., teratocarcinoma). Clinical outcome was similar to those with
normal karyotype.16

Controversy exists with respect to timing of gonadectomy with most favoring gonadectomy
at diagnosis in those patients known to have elements of Y chromosome. Patients felt to be
at lower risk often have gonadectomy delayed until puberty to allow maintenance of
hormonal factors for secondary sexual development. The younger age at diagnosis of
malignancy in our patients is of concern as all were less than 13 years of age.

The concept of surveillance with tumor markers and imaging has been considered as an aid
in early detection. Tumor markers are only available for yolk sac and choriocarcinoma but
are lacking for the more common germinoma in this population. Therefore, we would
suggest that monitoring with tumor markers is insufficient for early diagnosis. There also is
insufficient evidence to recommend safe surveillance of intraabdominal gonads with
imaging modalities. Alaniz et al.® evaluated 39 patients with GD who underwent imaging
prior to prophylactic gonadectomy. They were able to identify only 40-50% of gonads with
ultrasound or magnetic resonance imaging, with no significant difference between
modalities.® In addition, 28% of these patients had gonadoblastoma and one had malignancy
and the imaging identified none of these findings.

The limited number of patients with GD limited this study. Because chromosomal analysis
of all patients was not required, there may be some misclassification of patients in whom the
GD was either not recognized or reported to COG. In addition, because this study did not
include patients with pure dysgerminoma, we cannot comment on the outcome of patients
with GD who develop dysgerminoma versus patients without GD who develop
dysgerminoma. Additionally, because this was a clinical trial of patients with proven
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1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Dicken et al.

Page 7

malignant GCTs, we cannot comment on the likelihood of developing a GCT in a patient
with GD.

Our results suggest that patients with nondysgerminomatous malignant ovarian GCTs that
arise in the context of GD have a higher rate of events and death than counterparts with
normal gonads. These tumors occurred at a younger mean age than their comparison group
and had more advanced stage tumors at diagnosis. The discovery of streak gonads at
operation for an ovarian tumor or the finding of gonadoblastoma at histology should prompt
early determination of chromosomal analysis and mandates early contralateral gonadectomy
when GD is confirmed. These findings support the recommendation for early bilateral
gonadectomy in patients known to have GD with Y chromosome material and raise the issue
as to whether they should be managed as poor-risk patients with more aggressive
chemotherapy protocols.

Abbreviations:

CAIS complete androgen insensitivity syndrome

COG Children’s Oncology Group

EFS event-free survival

GCT germ cell tumor

GD gonadal dysgenesis

oS overall survival

PNET peripheral neuroendocrine tumor
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Event-Free Survival

Estimated Proportion Event-Free

0.00+

GD - No
GD - Yes
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At Risk

GD - No 100
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FIGURE 1.

Years

Event-free survival of GD versus non-GD occurring within primary ovarian germ cell

tumors
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Overall Survival
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FIGURE 2.
Overall survival of GD versus non-GD within primary ovarian germ cell tumors
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