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Abstract  Aim: The aim of this study was to investigate prognostic factors, including
postoperative chemotherapy regimen, for the treatment of ovarian yolk sac tumour (YST),
and resulting fertility outcome.

Methods: A multi-institutional retrospective investigation was undertaken to identify patients
with ovarian pure or mixed YST who were treated between 1980 and 2007. Postoperative che-
motherapy regimen and other variables were assessed in univariate and multivariate analyses.
Additionally, the reproductive safety of the BEP (bleomycin, etoposide and cisplatin) regimen
was evaluated.

Results: There were 211 patients enrolled from 43 institutions. The BEP regimen and a
non-BEP regimen were administered to 112 and 99 patients as postoperative chemotherapy,
respectively. In univariate and multivariate analyses, age = 22, alpha-fetopro-
tein = 33,000 ng/ml, residual tumours after surgery and non-BEP regimen were indepen-
dently and significantly associated with poor overall survival (OS). BEP was significantly
superior to non-BEP in 3-year OS (93.6% versus 74.6%, P = 0.0004). Reduced-dose BEP
(<75% standard-dose bleomycin and < 50% etoposide dose) was significantly associated with
poorer 5-year OS compared with standard-dose BEP (89.4% versus 100%, P = 0.02 and 62.5%
versus 96.9%, P =0.0002). All patients who underwent fertility-sparing surgery recovered
their menstrual cycles. Sixteen of 23 patients receiving BEP (70.0%) and 13 of 17 patients
receiving non-BEP (76.5%) who were nulliparous at fertility-sparing surgery and married at
the time of investigation gave birth to 21 and 19 healthy children, respectively.

Conclusions: The results of the present study suggest that standard-dose BEP should be
administered for ovarian YST. BEP is as safe as non-BEP for preserving reproductive

function.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Until the early 1970s, patients with ovarian yolk sac
tumour (YST) had miserable prognosis [ !--4|. However,
after a triple combination regimen, such as vincris-
tine + actinomycin D -+ cyclophosphamide (VAC) or
cisplatin + vinblastine + bleomycin (PVB), was intro-
duced as postoperative chemotherapy during the
1970s, the survival of patients with YST drastically
improved [5-7]. Furthermore, the bleomycin + etopo-
side + cisplatin (BEP) regimen was developed in the
1980s, and the survival of patients with YST revolution-
arily improved [8.9]. However, recent reports have sug-
gested that patients with YST have poorer prognosis
than patients with other malignant ovarian germ cell
tumours. Peccatori showed that the mortality rates of
YST and dysgerminoma were 13.0% (3/23) and 5.3%
(3/57), respectively [ 101. Mangili reported that the 5-year
overall survival (OS) rates were 69.6% and 94.2% for
patients with YST and other germ cell tumours, respec-
tively (P < 0.001) {117

The standard strategy for treating YST is administra-
tion of BEP following primary surgery in all stages.
BEP for patients with YST has been recommended by
various guidelines. The recommended dose and adminis-
tration schedule in the National Comprehensive Cancer
Network (NCCN) guideline is bleomycin 30 units per
week; etoposide 100 mg/m*/day daily for days 1-5; and

cisplatin 20 mg/m?/day daily for days 1-5 for 3-4 cycles
[12]. However, the BEP regimen 1is sometimes
administered with a reduced dose of bleomycin and/or
etoposide because of the potential for serious adverse
reactions such as severe bone marrow suppression, pul-
monary fibrosis or secondary leukaemia [{3-17]. There-
fore, the present study investigated whether the use of
BEP, especially standard-dose BEP, is associated with
OS in patients with YST, in addition to other prognostic
factors.

Fertility-sparing surgery (FSS) is considered for
patients with YST, even in advanced disease. Therefore,
an additional purpose of the present study was to inves-
tigate the reproductive safety of postoperative chemo-
therapy for YST.

2. Methods
2.1. Patient population

Between 1980 and 2007, 211 patients with YST who
underwent treatment in 43 institutions belonging to
the Japan Clinical Oncology Group or who were
referred to these institutions immediately after primary
surgery performed elsewhere were enrolled into this
study. Patients who received preoperative chemotherapy
and/or no postoperative chemotherapy were not
included in this study.
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Before the study subjects were enrolled into the present
study, reassessment of histological type was performed in
each institution according to the World Health Organisa-
tion criteria. Staging was determined according to the
FIGO classification (1987).

Institutional review board approval was obtained from
each institution before initiating the present investigation.

2.2. Definition of standard BEP and non-standard BEP

In the present study, standard BEP was defined as 3
or 4 cycles of chemotherapy consisting of bleomycin
(20 mg/m?/day or 30 mg/day) given on days 2, 9 and
16, etoposide (100 mg/m?/day) given on days 1-5 and
cisplatin (20 mg/m?/day) given on days 1-5. The cycles
were repeated every 3 weeks. Regarding the standard
number of cycles of BEP, we administered three cycles
for patients without residual tumour and four cycles
for patients with residual tumour at primary surgery,
allowing one or two additional courses until achieving
normal AFP level. The serum AFP was measured every
course of BEP in almost all patients.

Patients who received BEP were divided into the
standard BEP group (n=37) and the non-standard
BEP group. The non-standard BEP group (rn="70)
received less than the standard dose and/or less than
the standard number of cycles. The following five
patients who received BEP were excluded from both
the standard BEP and non-standard BEP group: two
patients were given an excessive dose of bleomycin,
and three patients received BEP with an uncertain dose.

2.3. Matters for analysis

We investigated postoperative chemotherapy regimen
and other variables as prognostic factors in all 211
patients. Regarding chemotherapy regimen, we com-
pared 5-year OS between BEP and non-BEP, and
between standard BEP and non-standard BEP. Other
variables were age, stage, tumour size, serum AFP level
before treatment, FSS and residual tumour at primary
surgery. ROC curve was used for searching cut-off levels
for age and AFP and we found the level of age was
22 years and the level of AFP was 33,000 ng/ml. We also
investigated whether the doses of bleomycin, etoposide
and cisplatin were associated with OS in patients who
received BEP.

The reproductive safety of BEP and other regimens
was retrospectively reviewed from the medical records
of the patients who provided information on menstrua-
tion and reproductive outcomes.

2.4. Statistical analysis

Statistical analysis of data was performed using the
JMP statistics package (SAS Institute, Cary, NC,

T. Satoh et al. | Euro1;ean Journal of Cancer xxx' (2014) xxx—xxx

-
3

USA). Two-sided probability values were calculated
throughout and considered to be significant at the level
of P<0.05. Survival estimates were generated using
Kaplan—Meier methods. To test differences between
groups, we used log-rank testing for the univariate
analysis and the Cox proportional hazard regression
method for the multivariate analysis.

3. Results
3.1. Patient characteristics

A total of 211 patients with YST were entered into
the study (Fig. 1). Table | summarises the main charac-
teristics of patients and tumours. The median duration
of follow-up after excluding patients who died was 93
(4-333) months from primary surgery.

The serum AFP level before treatment was measured
in 174 of the 211 study patients. The AFP level of the
patients with pure YST was similar to that of the
patients with mixed YST having > 50% of the YST com-
ponent, however the level was significantly higher than
in the patients with mixed YST having <50% of YST
component (P <0.01).

Complete surgical staging was not done like a epithe-
lial ovarian cancer in most patients with YST, therefore
staging was determined by limited information from sur-
gical and pathological findings. No residual tumour,
residual tumour within 2 cm and residual tumour over
2 cm after initial surgery was 77.7%, 12.5% and 9.8%
in BEP group, 68.7%, 10.1% and 21.2 in non-BEP
group, 89.1%, 5.4% and 5.4% in standard BEP group
and 87.1%, 0% and 12.9% in non-standard BEP group.

Table 2 shows that comparative demographics for the
BEP group versus non-BEP group and standard BEP
group versus non-standard BEP group were similar.

3.2. Clinical outcomes

The estimated 5-year OS of the patients in each stage
was 92.5% in stage I, 87.8% in stage II, 74.7% in stage
IIT and 44.5% in stage IV. Overall, 33 deaths (15.6%)
occurred from the following causes: disease progression
of YST (n = 31, 14.2%), pulmonary fibrosis during BEP
(n =1, 0.5%) that developed after the patient was given
330 mg of bleomycin in total, and breast cancer
(n=1, 0.5%) that occurred 7 years after complete remis-
sion following BEP.

Of 99 patients who received non-BEP, 12 patients
after remission (normalisation of AFP) and 15 patients
without remission progressed their disease. Six patients
after remission and 2 patients without remission pro-
gressed their disease among 70 patients who received
non-standard BEP. We experienced no recurrent
patients in the standard BEP group. Only two of 27
(7.4%) relapsed patients in non-BEP group and two of
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