
Is carboplatin-based chemotherapy as effective as cisplatin-based
chemotherapy in the treatment of advanced-stage dysgerminoma in
children, adolescents and young adults?

Rachana Shah a,⁎, Caihong Xia b, Mark Krailo b,c, James F. Amatruda d, Suren G. Arul e, Deborah F. Billmire f,
William E. Brady g, Allan Covens h, David M. Gershenson i, Juliet P. Hale j, Jean Hurteau k, Matthew J. Murray l,
James C. Nicholson l, Thomas A. Olson m, Farzana Pashankar n, Carlos Rodriguez-Galindo o, Furqan Shaikh p,
Daniel Stark q, A. Lindsay Frazier r, Sara Stoneham s

a Cincinnati Children's Hospital Medical Center, University of Cincinnati, OH, USA
b Children's Oncology Group, USA
c University of Southern California, CA, USA
d University of Texas Southwestern Medical Center, Children's Medical Center, TX, USA
e Birmingham Children's Hospital NHS Foundation Trust, Birmingham, UK
f Riley Hospital for Children, IN, USA
g NRG Oncology, Clinical Trial Development Division, Biostatistics & Bioinformatics, Roswell Park Cancer Institute, Buffalo, NY, USA
h University of Toronto, Toronto, Canada
i The University of Texas MD Anderson Cancer Center, Houston, TX, USA
j Royal Victoria Infirmary, Newcastle Upon Tyne Hospitals Trust, Newcastle Upon Tyne, UK
k North Shore University Health System, University of Chicago Pritzker School of Medicine, Chicago, IL, USA
l Cambridge University Hospitals NHS Foundation Trust, Cambridge, UK
m Aflac Cancer Center, Children's Healthcare of Atlanta, Emory University, GA, USA
n Yale University School of Medicine, New Haven, CT, USA
o St. Jude Children's Research Hospital, Memphis, TN, USA
p The Hospital for Sick Children, University of Toronto, Toronto, Canada
q Leeds Institute of Cancer Studies and Pathology, Leeds Institute of Oncology and St. James's University Hospital, Leeds, UK
r Dana-Farber/Boston Children's Cancer and Blood Disorders Center, MA, USA
s Children's and Young Persons Cancer Services, University College London Hospital Trusts, London, UK

H I G H L I G H T S

• Patients with pure ovarian dysgerminoma have excellent survival outcomes regardless of the age or stage at diagnosis.
• Fertility-sparing surgery should be encouraged in the frontline management of dysgerminoma, when feasible.
• In this analysis, carboplatin is not shown to be inferior to cisplatin-based chemotherapy in the treatment of dysgerminoma.
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Objective.Dysgerminoma is themost commonmalignant ovarian germ cell tumor (GCT)with peak incidence
during adolescence and young adulthood. Current standard of care for patients with disease that has spread out-
side of the ovary (advanced-stage) utilizes platin-based chemotherapy regimens. The study objective was to
compare clinical outcomes between platin-based (carboplatin versus cisplatin) strategies across all age groups
(children b 11 years (y), adolescents = 11–25 y and young adult women N 25 y) for advanced-stage
dysgerminoma.
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Abbreviations: AYA, adolescent and young adult; GCT, germ cell tumor; MOGCT, malignant ovarian germ cell tumor; MaGIC, Malignant Germ Cell Tumor International Consortium;
U.S., United States; U.K., United Kingdom; CTOs, Clinical Trial Organizations; COG, United States, Canada and Australia, Children's Oncology Group; UKCCSG, United Kingdom Children's
Cancer Study Group; CCLG, United Kingdom, Children's Cancer and Leukaemia Group; GOG, United States, Gynecologic Oncology Group; FIGO, International Federation of Gynecology
and Obstetrics; IGCCCG, International Germ Cell Cancer Collaborative Group; BEP, cisplatin, etoposide, bleomycin once weekly; PEb or pediatric BEP, cisplatin, etoposide, bleomycin
once per cycle; HD-PEb, high dose cisplatin, etoposide, bleomycin once per cycle; JEb, carboplatin, etoposide, bleomycin once per cycle; JE, carboplatin, etoposide; AFP, alpha-fetoprotein;
β-hCG, beta-human chorionic gonadotropin; LDH, lactate dehydrogenase; EFS, event-free survival; OS, overall survival; y, years; vs., versus; SMN, second malignant neoplasm.
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Methods. The Malignant Germ Cell Tumor International Consortium (MaGIC) pooled data from six GCT trials
(3 = pediatric, 3 = adult) conducted internationally by pediatric and gynecologic oncology clinical trial organi-
zations (CTOs) between 1983 and 2009. Newly diagnosed patients, with advanced-stage (FIGO IC–IV)
dysgerminoma, who received either carboplatin- or cisplatin-based chemotherapy were eligible for analysis.

Results. 126 eligible patients were identified; 56 patients (38 = pediatric, 18 = adult) received carboplatin-
based and 70 patients (50 = pediatric, 20 = adult) received cisplatin-based chemotherapy. Mean age was 20 y
(range = 6–46 y). The median follow-up was 10.3 y (range = 0.17–21.7 y). The five-year event-free survival
(EFS5) and overall survival (OS5) was 0.94 (95%CI, 0.88–0.97) and 0.96 (95%CI, 0.91–0.99) respectively. Survival
outcomes were comparable between carboplatin-(EFS5 = 0.96 (95%CI, 0.85–0.99), OS5 = 0.96 (95%CI,
0.85–0.99)) and cisplatin-(EFS5 = 0.93 (95%CI, 0.83–0.97), OS5 = 0.96 (95%CI, 0.87–0.99)) based regimens.
Across three age groups, comparison of the EFS5 (b11 y = 0.1, 11–25 y = 0.91 (95%CI, 0.82–0.96), N25 y =
0.97 (95%CI, 0.81–0.99)) and OS5 (b11 y = 0.1, 11–25 y = 0.95 (95%CI, 0.87–0.99), N25 y = 0.97 (95%CI,
0.81–0.99)) did not demonstrate any statistically significant differences in outcomes.

Conclusions. Patients diagnosedwith dysgerminoma have an excellent OS, across all ages, even in the context
ofmetastatic disease. Data from three large CTOs supports the investigation of carboplatin-based regimens in the
frontline treatment of all patients with advanced-stage dysgerminoma to minimize treatment-related toxicities.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Dysgerminoma is the most common histological subtype of all the
malignant ovarian germ cell tumors (MOGCT). Although it can occur
during childhood, it is most frequent during adolescence and young
adulthood, with a peak incidence at 15–19 years of age [1].
Dysgerminoma is exquisitely radio- and chemo-sensitive. Although ra-
diation therapy is effective, it is no longer recommended as frontline
therapy due to the risk of second malignant neoplasm (SMN), prema-
ture ovarian failure, and a significant impact on fertility despite contra-
lateral ovarian shielding [2].

The current standard of care for advanced-stage dysgerminoma, i.e.
disease that has spread outside of the ovary, is post-operative adjuvant
chemotherapy with either carboplatin or cisplatin, combined with
etoposide and bleomycin. Though the advent of cisplatin-based chemo-
therapy in the treatment of advanced-stage dysgerminoma has led to
excellent cure rates, its success has been offset by the emergence of con-
siderable long-term treatment-relatedmorbidity andmortality. The late
effects of cisplatin-based chemotherapy have been widely reported in
testicular seminoma, the histological counterpart of ovarian
dysgerminoma [3]. Two of the most concerning late effects of cisplatin
for young long-term survivors, are the two-fold risk of cardiovascular
disease and SMN [4,5]. Other significant late effects include the risk of
ototoxicity, nephrotoxicity, neurotoxicity and gonadotoxicity leading
to premature ovarian failure or infertility [4–6].

To address concerns related to some of the cisplatin-induced toxic-
ities, over the last 25 years, the United Kingdom Children's Cancer
StudyGroup (UKCCSG) has utilized a carboplatin-based strategy in clin-
ical trial design in an attempt to specifically minimize the acute side ef-
fects of ototoxicity and nephrotoxicity [7]. However, a comparison of
the efficacy of carboplatin-based regimens with the more conventional
cisplatin-based regimens remains unexamined. Given the anticipated
excellent survival outcomes, even in the context of metastatic disease,
there is a concerted drive to directing future research strategies towards
improving the quality of survival by tailoring therapy to minimize
treatment-related toxicities.

Dysgerminoma is a rare disease, and as such, has been historically
difficult to study. Its study has been further hampered by the fragmen-
tation of care between two different oncologic subspecialties: pediatric
oncology and gynecologic oncology. The differences in staging systems,
inclusion criteria for enrollment on clinical trials, and treatment regi-
mens across various pediatric and adult clinical trials, nationally and in-
ternationally, have complicated the interpretation of clinical trial
results. To overcome these limitations, the Malignant Germ Cell
Tumor International Consortium (MaGIC), comprising members of the
Children's Oncology Group (COG; United States (U.S.), Canada and
Australia), Gynecologic Oncology Group (GOG; U.S.) and UKCCSG later

renamed as Children's Cancer and Leukaemia Group (CCLG; United
Kingdom (U.K.)), merged 25 years of clinical trial data on pediatric, ad-
olescent and young adult (AYA) germ cell tumors (GCTs). Although
some trials used a cisplatin-based regimen, and other trials used a
carboplatin-based regimen, the pooling of the clinical trial data was jus-
tified by a comparison of previously published results that indicated
similar outcomes [7–17]. We conducted an analysis of the MaGIC data-
base to assess whether a difference in outcomes could be detected be-
tween patients treated with cisplatin-based versus (vs.) carboplatin-
based regimens, controlling for other known risk factors including age.

2. Methods

2.1. Patient population

Patients in the MaGIC database with newly diagnosed, pure ovarian
dysgerminoma with advanced-stage disease were included in the anal-
ysis (n = 126). Patients with mixed GCT that included dysgerminoma
were excluded. All ages were eligible for the analysis; children
b11 years, adolescents 11–25 years and young adult women
N25 years. Chemo-naïve patients with stage I disease, who recurred on
active surveillance, and were subsequently treated with chemotherapy
(n= 2) were included in the analysis. Advanced-stage disease was de-
fined as either COG/CCLG stage II–IV (Appendix S2) or International
Federation of Gynecology and Obstetrics (FIGO) stage IC–IV (Appendix
S3) [18]. Although COG/CCLG stages I and IV are comparable to FIGO
stages IA/IB and IV respectively; COG/CCLG stages II-III are not compara-
ble to FIGO stages IC, II, or III (Appendix S2 and S3). Due to irreconcilable
differences in staging systems within each cooperative group, patients
with staging based on COG/CCLG and FIGO were analyzed separately.

Of the 126 patients included in the analysis, three patients had pre-
operative alpha-fetoprotein (AFP) levels at diagnosis that exceeded the
expected level for pure ovarian dysgerminoma (AFP = 3509, AFP =
9922, AFP = 10,800 ng/mL). We reviewed the pathologic reports and
confirmed that each patient was recorded as a pure ovarian
dysgerminoma. We performed a sensitivity analysis that excluded
these 3 patients to examine the impact on outcome.

2.2. Clinical trials

Six (GC1, GC2, INT-0097, GOG 0078, GOG 0090, GOG 0116) of the
ten clinical trials in the MaGIC data set included patients with
dysgerminoma; details of each trial are summarized in Table 1 and Ap-
pendix S1. The pathology of all patients enrolled on each of these clinical
trials underwent a central pathologic review. One adult trial (GOG
0116) tested “JE” = carboplatin 400 mg/m2/cycle, and etoposide
360 mg/m2/cycle, administered every 28 days [11]. In CCLG, (GC2)
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