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Considering the likelihood of some ineligible patients among those
enrolled, the total number of patients was set to 60.

Primary endpoint, RR, was tested by the exact binomial test and
confidence interval of proportion was calculated by the exact method.
According to the SWOG's two-stage design, preplanned interim analysis

for futility was done after 30 patients enrolled, setting the threshold of.

the number of minimum responders as four. Then final analysis was
conducted with one-sided alphas of 0.02 and 0.055, respectively. OS
and PFS curves, median PFS and OS were estimated by Kaplan-Meier
method, and confidence intervals for proportion were calculated with
Greenwood's formula and median OS and PFS with Brookmeyer and
Crowley's method. Exploratory analyses for RR were carried out by
Fisher's exact test. All statistical analyses were conducted using SAS
software, version 9.2 (SAS Institute, Cary, NC, USA).

Interim monitoring

In-house monitoring was to be performed every 6 months by the
Japan Clinical Oncology Group (JCOG) Data Center to evaluate the
study progress and to improve study quality.

Ethical considerations

The Protocol Review Committee of JCOG approved the study
protocol in January 2009, and the study was initiated in April 2009.
The protocol was reviewed and approved at all the participating
hospitals. Every patient signed a written informed consent form.
This trial was registered at UMIN-CTR as UMIN000001837 (http://
www.umin.ac.jp/ctr/).

Results
Patient characteristics

From April 1, 2009 to July 5, 2010, 30 patients were enrolled and
patient accrual was suspended for interim analysis. After the planned
interim analysis, the study was resumed on November 22, 2010, and a
total of 61 patients were enrolled until January 20, 2012. One patient
was ineligible and excluded from this analysis because the days from
surgery to registration were shorter than the eligibility criteria. Patient
characteristics are summarized in Table 1. There were 14/60 (23.3%)
elderly patients, defined as > 65 years. Eleven of 60 (18.3%) patients
had clear cell carcinoma, who were mostly (10 of 11) enrolled in
the study after the interim analysis. Among 39 patients with serous
carcinoma, two of them (5%) were diagnosed as low grade serous
carcinoma. Nine of 60 patients (15%) received >3 prior chemotherapy
regimens. Twenty-seven of 60 patients (45%) had platinum-refractory
disease that progressed during or within 3 months after previous
chemotherapy with a platinum-based drug.

Treatment administration

The median number of delivered treatment cycles was 4 (range,
1-6). Twenty-one patients completed 6 cycles of treatment. Thirty-
nine patients did not complete treatment because of the following
reasons: disease progression (n = 29), patient refusal (n = 5), adverse
event (n = 3), intercurrent death (n = 1), and earthquake (n = 1).

Three treatment-related deaths (TRDs) were reported: interstitial
lung disease (judged as a probable TRD by the Data and Safety Monitoring
Committee), DIC due to infection (judged as a possible TRD), and a recur-
rent pulmonary embolism (judged as a possible TRD). The first 2 patients
listed above were aged =65 years.

For etoposide, a median total dose, median dose intensity, and medi-
an relative dose intensity were 2852.3 mg/m?, 179.3 mg/m?/week, and
88.9%, respectively. For irinotecan, the median total dose, median dose

Table 1
Patient characteristics.
Characteristics Number of Median Range
patients (%)
Age, years 58 31-75
<65 46 (77)
265 14 (23)
PS 0 51 (85)
1 8(13)
2 1(2)
Histology Serous 39 (65)
(LGS) 2(5)
Clear cell 11(18)
Endometrioid 5(8)
Other 5(8)
Lesion Measurable 52 (87)
Non-measurable 8 (13)
Prior chemo regimens 1 34 (57)
2 17 (28)
=3 9(15)
PFI <3 months 27 (45)
>3 months 33 (55)

Abbreviations. PS: performance status, PFI: platinum-free interval, chemo: chemotherapy,
LGS: low grade serous.

intensity, and median relative dose intensity were 452.8 mg/m?,
30.7 mg/m?/week, and 88.0%, respectively.

Toxicity

Toxicities are summarized in Table 2. Only treatment-related
adverse events (definite, probable, or possible) were counted as
toxicities. Grades 3-4 hematological toxicities were: neutropenia
(60%), anemia (36.7%), and thrombocytopenia (11.7%). Grades 3-4
non-hematological toxicities were: febrile neutropenia (FN; 18.3%),
fatigue (11.7%), anorexia (11.7%), and nausea (11.7%). FN was more
frequent in patients aged >65 years (28.6%) or those with >3
prior chemotherapy regimens (44.4%) compared with patients
aged <65 years (15.2%) or those with 1 or 2 prior chemotherapy
regimens (13.7%). One patient was diagnosed with acute myeloid
leukemia 234 days after completing 6 cycles of the present regimen.
She received carboplatin plus paclitaxel for 6 cycles and PLD for 6 cycles
before the study entry, and gemcitabine for 3 cycles after this regimen.

Efficacy

One patient achieved CR and 12 patients achieved PR (Table 3);
accordingly, RR was 21.7% (13/60) [design-based 89% confidence
interval (CI) 13.5-31.9%; 95% CI 12.1-34.2%]. This RR did not exceed
the preplanned threshold (one-sided p = 0.42 by the exact binomial
test for the null hypothesis that RR <20%). RR was 30.3% (10/33) in
patients with PFI of >3 months, while it was 11.1% (3/27) in patients

Table 2
Grade 3/4 toxicities affecting >5% of the patients.
G1 G2 G3 G4 % G3-4

Leukopenia 7 17 26 10 60
Anemia 7 29 12 10 36.7
Thrombocytopenia 4 2 5 2 11.7
Neutropenia 7 17 15 21 60
Hypoalbuminemia 30 11 5 - 8.3
Hyponatremia 13 - 4 0 6.7
Hypokalemia 18 - 1 3 6.7
Febrile neutropenia - - 11 o] 18.3
Fatigue 23 9 7 0 1.7
Anorexia 23 13 7 0 11.7
Nausea 20 15 7 0 11.7
Vomiting 13 8 4 0 6.7
Diarrhea 14 4 3 0 5
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with PFI of <3 months (Fisher's exact test, p = 0.12). RR was
26.5% (13/49) in patients with a non-clear cell histology, while it
was 0% (0/11) in patients with a clear cell histology (p = 0.10).
Age and the number of prior chemotherapy regimens did not seem to
affect RR (21.7 (10/46), 21.4 (3/14), 23.5 (12/51), and 11.1 (1/9) % in
young patients, elderly patients (p = 1.00), patients received <3 prior
regimen, and patients received =3 prior chemotherapy regimens
(p = 0.67), respectively).

Median PFS was 4.1 months (95% ClI 3.5-4.9 months), and 33.3%
of patients (95% Cl 21.8-45.2%) survived without progression at
6 months (Fig. 1A). Median PFS was 5.6 months in patients with PFI
of >3 months, while it was 3.6 months in patients with PFl of <3 months
(Fig. 1B). Median PFS was 4.3 months in patients with a non-clear cell
histology, while it was 3.6 months in patients with a clear cell histology.

One patient was progression-free at last follow-up (PFS, >1221 days).
She was diagnosed with stage 3c ovarian serous adenocarcinoma and was
treated with carboplatin plus paclitaxel for 5 cycles. After 16.6 months,
she had a recurrent tumor and received carboplatin plus docetaxel for
5 cycles. After 1 month, she experienced platinum-resistant recurrence
and was treated with the present regimen; she showed CR.

Median OS was 11.9 months (95% Cl 9.4-14.6 m) (Fig. 2A). Median
0S was 16.9 months in patients with PFI of =3 months, while it was
8.1 months in patients with PFI of <3 months (Fig. 2B). Median OS
was 12.4 months in patients with a non-clear cell histology, while it
was 10.4 months in patients with a clear cell histology.

Discussion

This is the first phase II trial evaluating this combination regimen
in patients with platinum-resistant ovarian cancer. This study dem-
onstrates that the combination of oral etoposide and intravenous
irinotecan has moderate efficacy in patients with platinum-resistant
ovarian cancer. The overall RR was 21.7%. Disappointingly, this result
does not meet the preplanned criteria for proceeding to a further
phase 1lI trial.

Preceding randomized controlled trials of combination chemothera-
py against platinum-resistant ovarian cancer are summarized in Table 4.
As for efficacy, our study shows a better RR, including CR lasting more
than 3 years, compared with OVATURE [22], OVA301 [23] and ASSIST-
5 studies [24], although PFS is in the same range. The CARTAXHY
trial [25] shows a better RR and PFS compared with other studies,
even in a paclitaxel single-agent arm. Nonetheless, this efficacy may
not be reproduced in Japan, because weekly paclitaxel has already
been adopted as a component of first-line treatment according to the
results of JGOG3016 [2]. In addition, an Italian collaborative phase 3
study comparing epidoxorubicine plus paclitaxel with paclitaxel alone
for patients with PFI <12 months, did not prove the efficacy of cytotoxic
doublets in terms of neither PFS nor OS [26]. All these preceding studies
concluded that combination chemotherapy utilizing two cytotoxic
agents is not effective strategy. Combination chemotherapy utilizing
one cytotoxic agent with one biologic agent is a promising strategy.
AURELIA [27] has proved the efficacy of bevacizumab for patients with
platinum resistant ovarian cancer, showing almost doubled RR and
PFS, comparing with monotherapy such as weekly paclitaxel, PLD, or
topotecan. Another study, TRINOVA-1 {28], also proved the efficacy of
trebananib for patients with PFI <12 months.

Table 3
Overall response.
RECIST (%) CA-125 (%) Total (%)

CR 1(2) - 1(2)
PR 10(19) 2(25) 12 (20)
SD 21 (40) 2(25) 23 (38)
PD 16 (31) 4 (50) 20(33)
NE 4(8) 0(0) 4(7)
Total 52 8 60
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Table 4
Combination chemotherapy for platinum resistant ovarian cancer.

Study Rx %of1 RR (%) PFS (months)
prior Rx

OVATURE Cb vs CbPXD 28-43 1vs0 4.7vs 3.6

OVA301% pD vs pDTr 100 12vs13 37vs4

CARTAXHY?* wPvswPCbvswPTp 71-74  35vs37vs39 3.7vs48vs54

ASSIST-3%*  pDvs pDCan 60 83vs12 3.7vs5.6

JCOG0503 E+1 57 217 4.1

Buda et al. P vs PEp 100 37%vs 47° 6%vs 6%

AURELIA wP/pD/Tp vs +BV 57-60 13 vs31 34vs6.7

TRINOVA-1 wP vs wPTre 38-41 307 vs 38° 54%vs 7.2°

Abbreviations. Rx: regimen, Cb: carboplatin, PXD: phenoxidiol, pD: liposornal doxorubicin,
Tr: trabectidine, wP: weekly paclitaxel, Tp: topotecan, Can: canfosfamide, E: etoposide,
I: irinotecan, P: paclitaxel (every three weeks), Ep: epidoxorubicine, BV: bavacizumab,
Tre: trebananib.

@ Data for patients with platinum free interval less than 12 months.

Regarding toxicity, FN was much more frequent in our study,
especially in heavily pretreated patients or elderly patients. Even
among patients aged <65 years or those with 1 or 2 prior regimens,
EN was still approximately 15%. Therefore, we think that the present
regimen is too toxic and cannot be recommended as an option for heavi-
ly pretreated patients or elderly patients. Moreover, even when we ex-
cluded heavily pretreated patients or elderly patients, RR was similar.
Eventually, we decided to discontinue the development of this regimen
for patients with platinum-resistant ovarian cancer.

In the OVA301 subset analysis, patients with PFl of 6-12 months are
considered good candidates for non-platinum combination chemother-
apy [29], and the hypothesis is that platinum chemotherapy after a non-
platinum combination can be more effective because of an artificially
prolonged PFI. This hypothesis is being tested in the INOVATYON
study, which compares trabectedin plus PLD with carboplatin plus PLD
in patients with ovarian cancer with PFI of 6-12 months. If the results
are positive, then the combination of oral etoposide and intravenous
irinotecan, which shows RR of 30.3% in patients with PFl of 3-6 months,
can be promising for further investigation for that purpose.

The present study had some limitations. First, pretreatment UGT1A1
assessment was lacking. This issue was discussed at the beginning of
this study. Because the dose of irinotecan used in this study is low
(140 mg/m? per cycle) and because of the negative results of a meta-
analysis of the usefulness of such low doses [30], we decided not to
use the UGT1A1 assessment. Second, the eligibility criteria allowing
heavily pretreated patients are relatively broad compared with those
in other trials. This situation can produce a negative bias in both efficacy
and safety results. On the other hand, the number of heavily pretreated
patients in this study is small, and the subgroup analysis strongly
suggested that the conclusions will not change.

In conclusion, this study demonstrates that the combination of oral
etoposide and intravenous irinotecan has moderate efficacy in patients
with platinum-resistant ovarian cancer. The overall RR was 21.7%. This
result did not meet the primary endpoint for a further phase III trial.
Because of toxicity, we do not recommend this regimen outside of
clinical trials. If such a trial is planned, heavily pretreated patients and
elderly patients should be excluded.
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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),

2 T. Satoh et al. | European Journal of Cancer xxx (XX~XXX
 KEYWORDS

Ovarian yolk sac tumour

‘BEP regimen: and resulting fertility outcome.

Prognosis

Fertility

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 5-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 [1-4]. 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 [10]. 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) [11].

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
(121 However, the BEP regimen is 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 [13-17]. 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 (n=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,

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 I 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




Fig. 1. CONSORT diagram.

eight (25%) relapsed patients in non-standard BEP
group had long-term progression-free survival after
receiving salvage therapy and the remaining 31 patients
died of disease within 44 months.

As for the two rescued patients in the non-BEP
group, one patient with stage Ic who had three courses
of platinum-based non-BEP after surgery progressed
the disease and the patient received six courses of PVB
and had complete remission. Another patient with stage
Ic who received five courses of platinum-based non-BEP
after surgery, recurrent tumour developed in the contra-
lateral ovary 128 months after surgery. She underwent
the tumour resection from the ovary, fertility-sparing
surgery, followed by three courses of VAC.

As for the two rescued patients in the non-standard
BEP group, one patient with stage IIla who received
three courses after surgery had recurrent tumour in the
pelvis 17 months after surgery. She received three
courses of non-standard BEP after the recurrent tumour
was removed surgically. Another patient with stage Illc
who received five courses after surgery had recurrent
tumour in a paraaortic lymph node 42 months after sur-
gery. The tumour was completely removed by surgery.
She did not receive postoperative chemotherapy because
the pathological diagnosis of the removed tumour was
mature cystic teratoma with a very small part of YST.

These four patients were alive without disease 85, 68,
60 and 52 months after salvage therapy, respectively.

3.2.1. Analysis of prognostic factors
Table 3 shows the results of univariate and multivar-
iate analyses for OS. In the univariate analysis, five

variables—age > 22 years, FIGO stage ITII/IV, AFP >
33,000 ng/ml, residual tumour at primary surgery, and
chemotherapy regimens other than BEP were signifi-
cantly associated with poor OS. Subsequently, we
performed multivariate analysis using the above signifi-
cant five variables in the univariate analysis. In the mul-
tivariate analysis, age > 22, AFP > 33,000 ng/ml,
residual tumour at primary surgery, and regimens other
than BEP were independently and significantly associ-
ated with poor OS of patients with YST.

3.2.2. BEP and non-BEP

There were 112 patients who received BEP and 99
patients who received non-BEP. Non-BEP chemotherapy
regimens were PVB (n = 33), peplomycin + etoposide +
cisplatin (n = 20), paclitaxel 4 carboplatin (n = 8), vin-
blastine + actinomycin D + bleomycin (n=7), VAC
(n=4), peplomycin + vinblastine + cisplatin (n =4),
etoposide + cisplatin (n = 4), other regimens with plati-
num (n=16) and other regimens without platinum
(n = 3). Of 99 patients who received non-BEP, 72 patients
who gave substantial information received additional 0-7
cycles (median: 2) of chemotherapy after AFP normalisa-
tion. As shown in Table 3, BEP was significantly superior
to non-BEP with respect to 5-year OS (93.6% versus
74.6%, P = 0.0004). In 71 patients with stage III/IV, 5-
year OS was 94.0% with BEP (rn = 35), 66.7% with PVB
(n=29), 50.0% with PEP (n = 6) and 43.5% in other regi-
mens (n = 21) (Fig. 2A). The 5-year OS of 56 patients with
residual tumour at primary surgery was 91.8% with BEP
(n = 25), 50% with PVB (n = 8), 40.0% with PEP (n = 5)
and 33.3% with the other regimens (n = 18) (Fig. 2B). In
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Table 1
Patient characteristics (n = 211).

Median age (range)
FIGO stage
I
I
11X
v
Ascites
Present
>500 ml
<500 ml
Unknown
Absent
Unknown
Histological features
Pure YST
Mixed YST
Proportion of YST in mixed YST
YST component >50%
YST component <50%, > 5%
YST component <5%
Unknown
Median AFP level before treatment
Pure YST (n=117)
Mixed YST
YST component =50% (n = 18)
YST component <50%, >5% (n = 25)
YST component <5% (n=15)
YST component: unknown (rn=29)

23 (11 months-68 years)

123 (58.3%)
17 (8.1%)
60 (28.4%)
11 (5.2%)

163 (77.3%)
50 (23.7%)
89 (42.2%)
24 (11.4%)
44 (20.9%)
4(1.9%)

144 (68.2%)
67 (31.8%)

21 (31.3%)
29 (43.3%)
5 (7.5%)

12 (17.9%)

22,829 (403-540,000)

22,318 (1,399-146,665)
7,350 (136-80,300)
228 (36-1,488)

5,145 (308-55,700)

Postoperative chemotherapy regimen in primary treatment

BEP (Bleomycin + Etoposide + Cisplatin)
PVB (Cisplatin + Vinblastine + Bleomycin)
PEP (Peplomycin + Etoposide + Cisplatin)
TC (Paclitaxel + Carboplatin)

VAB (Vinblastine + Actinomycin D + Bleomycin)

PVP (Peplomycin + Vinblastine + Cisplatin)
VAC (Vinblastine + Actinomycin
EP (Etoposide + Cisplatin)
Other

D + Cyclophosphamide)

112 (53.1%)
33 (15.6%)
20 (9.5%)

8 (3.8%)

7 (3.3%)
4(1.9%)

4 (1.9%)

4 (1.9%)

19 (9.0%)

Fertility-sparing therapy at initial treatment (n = 196)

Yes
No

157 (80.1%)
39 (19.9%)

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; YST, yolk sac
tumor; NAC, neoadjuvant chemotherapy followed by surgery.

addition, BEP was significantly superior to platinum- -
based non-BEP in S5-year OS (93.6% versus 75.9%,
P =0.0009, Table 3).

3.2.3. Standard BEP and non-standard BEP

In this comparison, we excluded five patients as
described earlier. Of the remaining 107 patients who
received BEP, six patients died of YST at 5-44 months
after primary surgery, and one patient died of breast
cancer (the same patient described in ‘Clinical Out-
comes’). The median duration of follow-up after exclud-
ing the seven patients who died was 80.5 (4-178) months
from the day of primary surgery. Median number of
cycles is four (3-6) for standard BEP and four (1-6)
for non-standard BEP.

Median (range) total doses of bleomycin, etoposide
and cisplatin at the first course of non-standard BEP

group were 35 (3-60) mg/course or 21 (15-60) mg/m?/
course, 500 (80-775) mg/m?*/course and 80 (15-150)
mg/m?/course, respectively, and median (range) cycles
of non-standard BEP is 4 (1-6).

Table 4 shows a comparison of the 5-year OS
between the standard BEP group and the non-standard
BEP group; 100% of the standard BEP group survived
to 5years, and 91.0% of the non-standard BEP group
survived to 5 years (P =0.049) (Fig. 3A). Considering
the dose of each drug, <75% of the standard dose of ble-
omycin and <50% of the dose of etoposide were signif-
icantly associated with poor 5-year OS (100% versus
89.4%, P =0.02, and 96.9% versus 62.5%, P = 0.0002)
(Fig. 3B, C). Regarding the administration schedule of
BEP, the non-standard administration schedule of bleo-
mycin was associated with poor 5-year OS (97.2% versus
88.0%, P =0.02) and the non-standard administration
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Table 2
Proportion of patient characteristics in each regimen.

Patient characteristics BEP group (n = 112) Non-BEP group P-

Standaard BEP group Non-standard BEP group P-Value

(n=199) Value (n=237) (n=170)
Median age (range) 23 (1 months - 22 (7 years - 0.73 22 (12 years - 39 years) 23 (11 months - 57 years) 0.73
57 years) 68 years)
FIGO stage 0.55 0.49
1A 28 17 (58.3%) 10 17
1C 41 35 16 22
I unknown substage 0 2 0 0
I 8 9 (8.1%) 2 6
111 31 29 (28.4%) 7 23
v 4 7 (5.2%) 2 2
Histological features 0.64 0.72
Pure YST 78 66 24 41
Mixed YST 34 33 13 19
Median AFP (range, [n]), 18,273 (36.3— 21,490 (101- 0.76 19,549 (198.8-344,880, 18,048 (36.3-367,404, (63]) 0.74

ng/ml 367,464, [98)) 540,000, [76])

[32))

Abbreviations: F1GO, International Federation of Gynecology and Obstetrics; YST, yolk sac tumor; BEP, Combination chemotherapy with

Bleomycin, Etoposide and Cisplatin.

schedule of etoposide tended to be associated with poor
S-year OS (96.3% versus 87.5%, P = 0.054).

All patients who received standard BEP became nor-
malised in AFP levels, whereas two of 70 (2.9%) patients
who received non-standard BEP failed to be normalised
in AFP levels because of residual tumour.

Three patients suffered from pulmonary fibrosis
caused by bleomycin. Two of the three patients were
diagnosed at 3 or 4 months after the last cycle of BEP,
and the other patient developed pulmonary fibrosis after
the first cycle of BEP. In all three patients, the pulmon-
ary fibrosis was successfully treated by steroid hormone
therapy after the completion of chemotherapy. The
patient who developed the pulmonary fibrosis after the
first cycle was treated by chemotherapy only with etopo-
side and cisplatin without bleomycin. All three patients
had no evidence of recurrence.

As for the five patients excluded from the present
study, one of the two patients who received an excessive
dose of bleomycin died of pulmonary fibrosis after the
4th cycle of BEP. The other patient developed pulmon-
ary fibrosis, however she recovered, and is alive without
disease. The other three of the five patients who received
uncertain doses of drugs are alive without disease.

3.3. Reproductive outcomes of the patients with BEP and
non-BEP

We excluded 38 patients from the 112 patients who
received the BEP regimen and 64 patients from the 99
patients who received the non-BEP regimen for the fol-
lowing reasons: primary amenorrhea, age > 40 years at
diagnosis, non-FSS, death during the study period and
loss of information. Therefore, we assessed the repro-
ductive safety and outcomes in 74 patients who received
the BEP and 35 patients who received the non-BEP. As
for the menstruation, 106 of 109 patients recovered

almost the same cycles as before treatment within
6 months (n = 85, 78.0%), 7-12 months (n =19, 17.4%)
and over 12 months (n =2, 1.8%) after treatment, two
patients (1.8%) had menarche, and a patient (0.9%)
who received irradiation for metastatic pelvic and
para-aortic lymph nodes after chemotherapy did not
recover menstruation.

Sixteen of 23 patients (70.0%) receiving BEP who
were nulliparous at FSS and married at the end of the
study period achieved 26 pregnancies and gave birth to
21 healthy children during follow-up. Thirteen of 17
patients (76.5%) receiving the non-BEP who were nullip-
arous at FSS and married at the end of the study period
achieved 20 pregnancies; 12 gave birth to 19 healthy
children during follow-up.

4. Discussion

In univariate and multivariate analyses, we revealed
that age > 22, AFP > 33,000 ng/ml, residual tumours
at primary surgery, and non-BEP were independently
and significantly associated with poor OS of patients
with YST.

Regarding malignant ovarian germ cell tumours,
Chan [18] reported that older age (age > 40) predicted
poorer survival. In the present study, we also confirmed
that the elder age was one of prognostic factors. How-
ever, the cut-off level (age > 22) was younger compared
with Chan’s results. These results might be due to that
this study was focused on YST histology alone.

The prognostic value of the high level of pretreatment
AFP in patients with YST has not been well evaluated.
In two studies {19,207 including non-YST germ cell
tumours in most of the study patients, a high AFP level
was a significantly poor prognostic factor, using
1000 ng/ml as the cut-off level. Three other studies
reported that preoperative AFP levels had no significant
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Table 3
Univariate and multivariate analyses of prognostic factors for OS.
Variables Univariate analysis Multivariate analysis
Number of patients S-year OS (%) P value Hazard ratio (95% CI) P value
Age
<22 91 93.4 0.001 Reference
=22 120 71.8 3.02 (1.18-9.27) 0.02
FIGO stage
LI 140 92 <0.0001 Reference
I, IV 71 70 1.12 (0.34-3.88) 0.85
Period at initial treatment
1980-2000 109 833 0.61
2001-2007 102 86.0
Ascites
Absent 44 88.2 0.39
Present 163 83.2
Serum AFP level before treatment (ng/ml)
<33,000 118 93.1 0.004 Reference
>33,000 56 76.4 3.58 (1.48-9.16) 0.005
Histology
Pure YST 144 83.8 0.82
Mixed YST 67 86.3
Fertility-sparing surgery
All stages
Yes 157 90.2 0.41
No 39 84.5
Stage I/IV
Yes 39 76.5 0.84
No 23 78
Residual tumor at primary surgery
All stages
Absent 150 92.5 <0.0001 Reference
Present 56 62.4 3.93 (1.25-13.2) 0.02
Stage III/IV
Absent 23 95.7 0.002
Present 46 56.4
Postoperative chemotherapeutic regimen in initial treatment (versus BEP)
All stages (versus BEP)
BEP 112 93.6 Reference
Non-BEP 99 74.6 0.0004 4.35 (1.71-13.3) 0.002
PVB 33 87.5 0.43
PEP 20 85.0 0.29
TC 8 62.5 0.003
VAB 7 85.7 0.61
Non-BEP with platinum 92 75.9 0.0009
Non-BEP without platinum 7 57.1 0.003
Stage III/IV
BEP 35 94.0
Non-BEP 36 472 <0.0001
PVB 9 66.7 0.02
PEP 6 50.0 0.0009
TC 4 25.0 <0.0001
VAB 4 75.0 0.17
Presence of residual tumor at initial surgery
BEP 25 91.8
Non-BEP 31 38.7 <0.0001
PVB 8 50.0 0.004
PEP 5 40.0 0.002

Abbreviations: PFS, progression-free survival; OS, overall survival; CI, confidence interval; FIGO, International Federation of Gynecology and
Obstetrics; AFP, alpha-fetoprotein; YST, yolk sac tumor; BEP, combination chemotherapy with bleomycin, etoposide and cisplatin; PVB,
combination chemotherapy with cisplatin, vinblastine and bleomycin; PEP, combination chemotherapy with peplomycin, etoposide and cisplatin;
TC, combination chemotherapy with paclitaxel and carboplatin; VAB, combination chemotherapy with vinblastine, actinomycin D, cisplatin,
bleomycin and cyclophosphamide.
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Fig. 2. (A) Overall survival curve for patients with stage III-1V disease who received BEP and non-BEP. The 5-year OS was 94.0% with BEP

(n=35), 66.7% with PVB (n=9), 50.0% with PEP (n = 6) and 43.5%

with other regimens (n=21) (P <0.0001). (B) Overall survival curve for

patients with residual tumor at initial surgery who received BEP or non-BEP. The 5-year OS of 56 patients with residual tumor at primary surgery
was 91.8% with BEP (n = 25), 50% with PVB (n = 8), 40.0% with PEP (n = 5) and 33.3% with other regimens (n = 18) (P < 0.0001). 4bbreviations:
BEP, bleomycin + etoposide -+ cisplatin; OS, overall survival; PVB, cisplatin + vinblastine + bleomycin; PEP, peplomycin + etoposide + cisplatin.

correlation with prognosis {7,21,22]. The recent study
which reviewed 84 patients with YST revealed that
S-year OS was 93% in 32 patients with AFP <1000
ng/ml and 79% in 41 patients with AFP > 1000 ng/ml,
although the difference was not significant [21]. Our data
suggest that higher pretreatment AFP level may be a
poor prognostic factor in YST when 33,000 ng/ml is
used as the cut-off level (Table 3).

Most reports regarding prognostic factors in patients
with YST have concluded that residual tumour at pri-
mary surgery is a poor prognostic factor [7,21-23].
These data suggest that complete surgery without resid-
ual tumours is important in YST, although there is no

solid evidence that debulking surgery with maximum
effort is necessary in YST.

All patients who had a relapse after initial treatment
received salvage therapy, but their prognosis was poor
as a previous study [24] reported.

In the present study, BEP was significantly superior
to non-BEP with respect to 5-year OS. The superiority
of BEP compared with non-BEP was clearly confirmed
in the following subset groups with poor prognosis:
patients with stage III/IV and patients with residual
tumour at primary surgery (Table 3). Some previous
reports have suggested that BEP should be selected for
patients with YST, because the OS was >90% in patients
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Table 4

Comparison of S-year overall survival (OS) between standard BEP and non-standard

(reduced-dose) BEP.

Variables Number of patients 5-year OS (%) P value

Standard BEP
Yes 37 100 0.049
No 70 91.0

Percentage of the standard dose administered at the first cycle
Bleomycin
100% 44 100.0 0.02
<100% 63 90.0
>75% 48 100.0 0.02
<75% 59 89.4
>50% 75 97.3 0.08
<50% 32 86.6

Administration on a day/week, 3 times (standard schedule)
Yes 71 97.2 0.02
No 36 88.0

Etoposide
100% 71 95.7 0.22
<100% 36 91.1
=75% 85 96.4 0.15
<75% 22 84.7
= 50% 98 96.9 0.0002
<50% 9 62.5

Administration on day 1-5 (standard schedule)
Yes 81 96.3 0.054
No 26 87.5

Cisplatin
100% 70 95.6 0.21
<100% 37 91.5
>75% 87 95.2 0.52
<75% 20 89.5
>50% 105 94.1 0.73
<50% 2 100.0

Administration on day 1-5 (standard schedule)
Yes 73 95.8 0.22
No 34 91.0

Abbreviations: OS, overall survival; BEP, combination chemotherapy with bleomycin,

etoposide and cisplatin.

who were treated with BEP {9,10,23]. Cicin showed that
the cumulative survival rate in 27 patients with BEP was
76%, whereas the rate in five patients treated with
options other than the BEP regimen was 20%
(P=0.016) {23} A report stated that the 5-year OS
was 94% in 52 patients who received BEP, which was
significantly better than 67% in 32 patients who received
non-BEP (P = 0.001) [22]. These data confirm that BEP
should be the standard chemotherapeutic regimen for
postoperative chemotherapy in treating patients with
YST, because BEP has the clear advantage for better
prognosis of patients with YST.

In the present study, standard BEP was significantly
superior to non-standard BEP with respect to S-year
OS (100% versus 91.0%, P =0.049). Reduced doses
(<75% dose of bleomycin and < 50% dose of etoposide)
at the first cycle of BEP were significant factors for poor
prognosis. A randomized clinical trial in male patients
with germ cell tumours showed that four cycles of
non-standard BEP (100 mg/m? of cisplatin on day 1,
120 mg/m? of etoposide on days 1-3 and 30 kU bleomy-

cin on day 1, repeated every 21 days) (Regimen B) could
be responsible for a poorer outcome compared with
three cycles of standard BEP (20 mg/m? of cisplatin on
days 1-5, 100 mg/m> of etoposide on days 1-5, and
30 kU bleomycin on days 1,8 and 15, repeated every
21 days) (Regimen A) {25]. Compared with Regimen
A, Regimen B had a lower total dose and dose-intensity
of bleomycin and a lower dose-intensity of etoposide.
Furthermore, an updated analysis of this randomized
trial showed that the survival benefit of three cycles of
Regimen A over Regimen B was maintained during
long-term follow-up {26]. These data suggest that stan-
dard-dose BEP should be administered to patients with
ovarian YST.

As for the safety of BEP for ovarian function, no
patients lost their menstrual cycles among 74 patients
in the present study who received BEP and provided
information on menstruation. Kang claimed that the
cumulative high-dose BEP regimen did not seem to
impair ovarian function {27} We reported that six of
121 patients (5.0%) with epithelial ovarian cancer stage
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Fig. 3. (A) Overall survival curves in patients who received BEP. Standard BEP was significantly superior to non-standard BEP in 5-year OS
(100% versus 91.0%, P = 0.049). (B) Overall survival curve for patients with BEP who received >75% and <75% of the standard dose of bleomycin.
A reduced dose (<75%) of the standard dose of bleomycin was significantly associated with poor S-year OS (100% versus 89.4%, P = 0.02). (C)
Overall survival curve for patients with BEP who received > 50% and <50% of the standard dose of etoposide. A reduced dose of <50% of the dose
of etoposide was significantly associated with poor 5-year OS (96.9% versus 62.5%, P =0.0002). Abbreviations: BEP, bleomycin + etopo-
side + cisplatin; OS, overall survival. .




