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Objective: The optimal goal of interval debulking surgery (IDS) following neoadjuvant
chemotherapy (NAC) remains undefined. The aim of this study was to determine the optimal
goal of IDS following NAC on the basis of long-term survival by the disease status at the end
of interval look surgery (ILS) or IDS during the treatment in the setting of upfront primary
debulking surgery (PDS).

Methods: From January 1986 through December 2000, we performed treatment in
the setting of upfront PDS in 128 patients with Stage III/IV epithelial ovarian cancer. Sixty-six
patients with residual disease (RD) at PDS underwent interval surgery (IS) such as ILS or
IDS; 4 patients after two cycles of chemotherapy and 62 after three or more cycles. We inves-
tigated how disease status at the end of IS was associated with overall survival (OS).
Results: The 5-year OS rates for no, minimal and gross RD were not available (n= 0), 67%
(n=3) and 0% (n= 1) after two cycles, and 47% (n= 42), 0% (n= 18) and 0% (n= 2) after
three or more cycles, respectively. No visible tumors at the end of IS after three or more
cycles of chemotherapy were necessary for 5-year survival.

Conclusions: If the optimal goal of IDS is defined as the surgery that is expected to result
in long-term survival in the NAC setting treatment, our data on the assessment
of peritoneal findings during the upfront PDS setting treatment suggest that only
complete resection with no RD could be the optimal goal of IDS in the NAC setting
treatment.

Key words: ovarian cancer — neoadjuvant therapy — gynecol-surg — chemo-gynecology

INTRODUCTION low rate is that patients with advanced ovarian cancer are

Primary debulking surgery (PDS) followed by chemotherapy
is a standard treatment for ovarian cancer. For patients with
advanced ovarian cancer, the goal of PDS is optimal cytore-
duction, usually defined as surgery with residual disease
(RD) <1 or <2 cm in diameter. Proportion of patients who
achieved optimal surgery or size of RD is one of the impor-
tant prognostic factors for the patients with advanced ovarian
cancer (1—4). Unfortunately, optimal cytoreduction for
advanced ovarian cancer is achieved in only 30—60% of the
patients at most institutions (5,6). One reason for this

often poor candidates for aggressive surgery because of low
performance status (PS) caused by massive ascites, pleural
effusion and large abdominal tumors. Another reason is that
some patients have unresectable tumors at the time of
primary surgery.

Thus, because of recent advances in chemotherapy, neoad-
juvant chemotherapy (NAC) followed by interval debulking
surgery (IDS) and further chemotherapy has become an
alternative treatment for patients with low PS and those with
apparently unresectable tumors evaluated with computed

© The Author (2009). Published by Oxford University Press. All rights reserved.
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tomography (CT) or laparoscopy. Several retrospective
studies revealed comparable results by the NAC setting treat-
ments with standard treatment (7—9), and a few prospective
Phase II (10) or feasibility study (11,12) revealed promising
results by NAC setting treatment. Taking into account these
favorable outcomes of NAC setting treatment, several pro-
spective clinical trials are now under way to compare this
treatment with the standard treatment for advanced ovarian
cancer, not only in patients with low PS or unresectable
tumors (13,14). Most previous studies have emphasized that
the greatest advantage of the treatment in the setting of an
NAC is a higher rate of optimal cytoreduction at IDS
(7,9,10). These studies used the same definition of optimal
cytoreduction at IDS as that at PDS. At the time of
PDS, optimal cytoreduction indicates an optimal goal of
surgery that lengthens survival. However, there is limited
information on the survival of patients in relation to the size
of RD after IDS. Thus, the appropriate definition of ‘optimal
cytoreduction’ at the time of IDS in the setting of NAC is
undetermined.

Since 1986, we have performed interval look surgery
(ILS) for patients who have minimal RD (<2 cm in diam-
eter) at PDS or IDS for patients who have gross RD
(>2 cm in diameter) at PDS after two to six cycles
(mostly three or four cycles) of chemotherapy. We investi-
gated how peritoneal findings at the end of interval
surgery (IS) are associated with the overall survival (OS)
of patients. These associations should help us to clarify the
optimal goal of IDS in the setting of NAC for advanced
ovarian cancer.

PATIENTS AND METHODS
PATIENTS

From January 1986 through December 2000, we treated 230
patients with epithelial ovarian cancer, including 128
patients with Stage III-IV disease, at the Department of
Obstetrics and Gynecology, University of Tokyo Hospital.
According to the International Federation of Gynecology
and Obstetrics (FIGO) staging, disease was classified as
Stage IIIB in 14 patients, Stage IIIC in 89 patients and
Stage IV in 25 patients. Histologic type was serous in 94
patients, clear cell in 18 patients, endometrioid in 6 patients,
mucinous in 5 patients, transitional cell in 2 patients, mixed
epithelial in 2 patients and undifferentiated in 1 patient.
Median age at the time of PDS was 54 years, with a range
of 29-78 years. Median follow-up period after PDS,
excluding patients who died, was 94 months, with a range
of 8—201 months. All but two surviving patients were fol-
lowed up for >5 years.

Our standard surgical treatment for advanced ovarian
cancer at the time of PDS consists of total abdominal hyster-
ectomy, bilateral salpingo-oophorectomy, infracolic or total
omentectomy, and debulking of peritoneal tumor masses
with maximum efforts. Patients with no or minimal RD
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(<2 cm in diameter) also underwent systematic retroperito-
neal lymphadenectomy, except for patients with severe
medical complications, low PS or long operation time.
Retroperitoneal lymphadenectomy included both the pelvic
and aortic lymph nodes.

In principle, our primary management for ovarian cancer
was performed as follows according to the outcome of PDS:
(i) patients with no RD received six cycles of chemotherapy
and underwent no additional surgery, (ii) patients with
minimal RD (<2 cm in diameter) received three or four
cycles of chemotherapy followed by ILS and two to four
cycles of additional chemotherapy, (iii) patients with gross
RD (>2 cm in diameter) received two to four cycles of
chemotherapy until a favorable response was obtained
and underwent IDS followed by four to five cycles of
additional chemotherapy.

Cisplatin-based regimens, such as CAP or TC, were used
for post-operative chemotherapy. From 1986 through 1997,
we used the CAP regimen, consisting of 400—600 mg/m2
of cyclophosphamide, 30—40 mg/m? of doxorubicin and
50—75 mg/m* of cisplatin. Thereafter, we used the TC
regimen consisting of paclitaxel (175 mg/m?® infused over
3 h) and an area under the curve 6 of carboplatin.

STATISTICAL METHODS

OS was measured from the day of starting primary treatment.
The survival curves were determined with the Kaplan—
Meier product-limit method. Differences in survival were
analyzed with the log-rank test and Cox proportional-hazard
regression model using the SPSS program ver. 11.0 (SPSS
Inc., Chicago, IL, USA).

RESULTS

SURVIVAL OF ALL PATIENTS IN RELATION TO THE SizE oF RD
AT PDS

In 128 patients with Stage IIT or IV ovarian cancer, complete
resection of all visible tumors was achieved in 37 patients
(28.9%), minimal RD remained in 52 patients (40.6%) and
gross RD remained in 39 patients (30.5%). Figure 1 shows
the OS of all 128 patients with Stage III/IV disease in
relation to the largest size of RD at PDS. Median OSs and
5-year OS rates of the above three groups were 112 months
and 65%, 50 months and 40%, and 22 months and 13%.
The difference in OS among the three groups was statisti-
cally significant (P < 0.0001 with log-rank test). In particu-
lar, the difference in OS between patients with minimal RD
and gross RD was more significant than that between
patients with no RD and minimal RD (P < 0001 vs. P =
0.02). Hazard ratio and 95% confidence interval (CI) for
patients with minimal RD and gross RD against patients
with no RD were 1.92 (1.08—3.42) and 5.43 (2.98—9.89),
respectively.
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Figure 1. Overall survival of the patients with Stage III/IV ovarian cancer according to the size of largest RD at the time of PDS. RD, residual disease; PDS,

primary debulking surgery.

PERFORMANCE OF IS
FOR PATIENTS WITH MINMAL RD AT PDS

Of the 52 patients with minimal RD at PDS, 29 underwent
ILS after three or four cycles of post-operative chemother-
apy. Nine patients underwent ILS after five or six cycles of
chemotherapy. The remaining 14 patients did not undergo
ILS due to the following reasons: progressive disease in 2
patients, unfavorable response in 2 patients, entry to clinical
trial in 4 patients, patient refusal in 1 patient, medical com-
plications in 4 patients and unknown reason in 1 patient.

For PatienTs wiTH Gross RD at PDS

Of 39 patients with gross RD at PDS, 28 underwent IDS
after two to six cycles of post-operative chemotherapy. Four
patients underwent IDS after two cycles of chemotherapy
because of early partial responses, 20 patients underwent
IDS after three or four cycles of chemotherapy and 4 patients
underwent IDS after six cycles of chemotherapy. The
remaining 11 patients did not undergo IDS because of pro-
gressive disease in 9 patients and medical complications in 2
patients.

RD ATt THE END OF IS AND OS
IDS AFTER Two CYCLES OF CHEMOTHERAPY

Four patients underwent IDS after two cycles of chemother-
apy. Three patients had minimal RD and one patient had
gross RD at the end of IDS. Median OSs and 5-year OS
rates were 66 months and 67% in patients with minimal RD
and 8 months and 0% in a patient with gross RD. The mean
number of chemotherapy cycles after IDS was 5.3 (range,
3—6) for patients with minimal RD and 1 (range, 1—1) for a
patient with gross RD. Two patients with minimal RD after
IDS survived >5 years.

ILS anD IDS AFTER THREE OR MORE CYCLES OF
CHEMOTHERAPY

Thirty-eight patients underwent ILS after three or more
cycles of chemotherapy. At the end of ILS, 32 patients had
no RD, 5 had minimal RD and 1 had gross RD. Median OSs
and 5-year OS rates were 83 months and 55% in patients
with no RD, 16 months and 0% in patients with minimal RD
and 11 months and 0% in a patient with gross RD. The
mean number of chemotherapy cycles after ILS was 2.8
(range, 0—5) for patients with no RD, 2.8 (range, 0—6) for
patients with minimal RD and 2 (range, 2—2) for a patient
with gross RD.

Twenty-four patients underwent IDS after three or more
cycles of chemotherapy. At the end of IDS, 10 patients had
no RD, 13 had minimal RD and 1 had gross RD. Median
OSs and 5-year OS rates were 28 months and 20% in
patients with no RD, 23 months and 0% in patients with
minimal RD and 8 months and 0% in a patient with gross
RD. The mean number of chemotherapy cycles after IDS
was 3.4 (range, 0—5) for patients with no RD, 4.1 (range, 2—
7) for patients with minimal RD and 1 (range, 1-1) for a
patient with gross RD.

Overall, 42 patients had no RD, 18 had minimal RD and 2
had gross RD at the end of IS such as ILS and IDS after
three or more cycles of chemotherapy. Median OSs and
5-year OS rates were 53 months and 47% in patients with no
RD, 23 months and 0% in patients with minimal RD and 11
months and 0% in patients with gross RD. The difference in
OS among the three groups was statistically significant (P <
0.0001 with the log-rank test, Fig. 2). The difference in OS
between patients with no RD and minimal RD was much
more significant than that between patients with minimal RD
and gross RD (P < 0.0001 vs. P =0.04). None of these
patients with RD at the end of IS after three or more cycles
of chemotherapy survived >5 years. Hazard ratio and 95%
CI for patients with minimal RD and gross RD against
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Figure 2. Overall survival of the patients who underwent IS after three or more cycles of chemotherapy according to the size of largest RD at the end of IS.

IS, interval surgery.

patients with no RD were 3.99 (2.11-7.55) and 32.78
(5.67—189.55), respectively.

DISCUSSION

NAC setting treatment for advanced ovarian cancer has
lately attracted much attention and randomized controlled
trials are now under way comparing the outcome with the
treatment in the setting of upfront PDS (13,14). However,
because of the paucity of the data, optimal goal of IDS in
the NAC setting treatment has not yet determined. For our
management of advanced ovarian cancer, we performed ILS
for patients with minimal RD to assess the peritoneal find-
ings mainly after three to four cycles of chemotherapy separ-
ate from IDS for patients with gross RD. Although our data
are not based on the treatment results of NAC setting treat-
ment, we thought that the disease status at the time of IDS
or ILS in patients who had good outcomes would be useful
for determining the optimal goal of IDS following NAC
from the standpoint of cell biology. Similar assessments may
be possible by the data of two large Phase III studies of IDS
after suboptimal PDS for advanced ovarian cancer (15,16).
However, it is regrettable that these studied did not address
the issue.

Patients with Stage III/IV disease in our series had rela-
tively good outcomes: a median OS of 46 months and a
5-year OS rate of 39%. We used RD < 2 cm in diameter as
the definition of optimal cytoreduction at PDS because our
study is a retrospective analysis of patients treated from
1980s. Among these patients, those with no RD had good
outcomes: a median OS of 112 and a 5-year OS rate of 65%,
whereas patients with minimal RD also had good outcomes:
a median OS of 50 months and a 5-year OS rate of 40%.
However, patients with gross RD had much poorer out-
comes: a median OS of 22 months and a 5-year OS rate of
13% (Fig. 1). Patients who underwent optimal debulking at

PDS survived significantly longer than those who underwent
suboptimal debulking at PDS (median OS of 74 vs. 22
months, 5-year OS rate of 51% vs. 13%, P < 0.0001 with
the log-rank test). Hazard ratio of the patients with subopti-
mal debulking against optimal debulking was 3.65 (95% CI:
2.31-5.71). In agreement with previous reports, our present
study confirmed that the optimal goal at PDS is cytoreduc-
tion with no or minimal RD.

To determine the optimal goal of IDS following NAC, OS
in relation to the size of RD after surgery should be known.
However, at present, we have little information on the
relation between the outcome of IDS following NAC and
long-term survival. A recent analysis of NAC and IDS by Le
et al. (17) has found that progression-free survival was sig-
nificantly improved in patients with complete resection at
IDS and did not differ significantly among patients with
various sizes of macroscopic RD (<1, 1-2 or >2 cm).
However, Le et al. could not find significant improvement in
OS of patients with complete resection, likely because of the
small number of patients in each group and the short median
follow-up time of 19 months. In the present study, we tried
to determine the optimal goal of IDS following NAC using
peritoneal findings at corresponding timing in patients under-
going treatment in the setting of upfront PDS and having
fairly good outcomes. The optimal goal of IDS following
NAC should be a favorable status that leads to good long-
term survival. The present study suggests that no RD at the
end of IS after three or more cycles of chemotherapy can
lead to fairly good survival. Although the survivals are not
identical following ILS or IDS, combined survival of the
patients with no RD at ILS or IDS is comparable to that
achieved with minimal RD at PDS in the setting of upfront
PDS (median OS of 53 and 50 months and 5-year OS rate of
47% and 40%, Figs 2 and 1, respectively). The survival of
the patients with no RD was much better than the patients
with any RD, especially in 5-year OS rate (median OS of 53
vs. 22 months, 5-year OS rate of 47% vs. 0%, P < 0.0001
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with the log-rank test). Hazard ratio of the patients with any
RD against no RD was 4.26 (95% CI: 2.27—7.96). However,
if IDS is performed after good response to two cycles of
chemotherapy, even patients with minimal RD may be
expected to obtain good long-term survival (median OS of
66 months and 5-year OS rate of 67%).

In the setting of upfront PDS, RD is chemo-naive and will
be exposed to at least six cycles of post-operative chemother-
apy. However, in the treatment of NAC and IDS, RD is not
chemo-naive, and the number of chemotherapy cycles given
after IDS is limited (usually three to four cycles), suggesting
that residual cancer cells are less likely to disappear comple-
tely following IDS than following PDS. In our series,
patients with minimal RD at the end of IS after three to six
cycles of chemotherapy received, an average, 3.9 cycles of
additional chemotherapy and a total of 8.0 cycles of che-
motherapy, which are slightly more than those received by
patients with no RD at the end of IS (2.9 and 7.1 cycles,
respectively). Previous reports have shown that additional
cycles of chemotherapy after six cycles do not improve sur-
vival (18,19). Thus, the OS might not improve with an
increased number of chemotherapy cycles in patients with
minimal RD at the end of IS.

Because of long study period and retrospective nature of
the study, we used the definition of <2 c¢m as minimal RD
at IDS. Thus, there may be a room to discuss about survival
of patients with much smaller RD. However, our result
showed that none of the 20 patients with any RD at the end
of IS after three or more cycles of chemotherapy survived
>5 years. Because we tried to define the optimal surgery
mainly by the condition that leads patients to long-term sur-
vival, the results may be similar even if we could divide the
patients at smaller RD such as <0.5 or <1 cm.

From our results, we believe that OS of patients with no
RD after IDS in the setting of NAC is comparable to that of
patients with minimal RD after PDS and is slightly inferior
to that of patients with no RD after PDS in the setting of
upfront PDS. Therefore, to obtain better OS by the NAC
setting treatment compared with standard treatment, com-
plete resection with no RD at IDS by the NAC setting treat-
ment should be higher than the rate of cytoreduction with no
or minimal RD at PDS by the upfront PDS setting treatment.
Recent presentation of the results of Phase III study con-
ducted by European Organization for Research and
Treatment of Cancer (13) at the meeting of International
Gynecologic Cancer Society (Bangkok, Thailand, October
2008) showed that OSs for patients treated with PDS or
NAC setting treatment are similar (29 vs. 30 months), itre-
spective of much higher rate of achieving residual tumor
<1 cm in IDS compared with PDS (83% vs. 48%). These
results may support our result that definition of the optimal
surgery for PDS and IDS should be different.

In conclusion, on the basis of long-term follow-up data in
patients undergoing upfront PDS setting treatment and
having assessment of peritoneal findings during chemother-
apy, we propose that the optimal goal of the IDS following

three or more cycles of NAC is only complete resection of
all visible tumors. However, our study was a retrospective
analysis and included only a small number of patients. The
definition of optimal cytoreduction at PDS has been estab-
lished on the basis of long-term clinical data. Similarly,
accumulation of data regarding IDS outcomes and OSs in
the setting of NAC may be necessary for wide spread accep-
tance of our proposal.
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Purpose
The objective of this study was to assess clinical outcomes and fertility in patients treated
conservatively for unilateral stage | invasive epithelial ovarian cancer (EOC).

Patients and Methods
A multi-institutional retrospective investigation was undertaken to identify patients with unilateral

stage | EOC treated with fertility-sparing surgery. Favorable histology was defined as grade 1 or
grade 2 adenocarcinoma, excluding clear cell histology.

Results
A total of 211 patients (stage IA, n = 126; stage IC, n = 85) were identified from 30 institutions.

Median duration of follow-up was 78 months. Five-year overall survival and recurrence-free
survival were 100% and 97.8% for stage IA and favorable histology (n = 108), 100% and 100%
for stage A and clear cell histology (n = 15), 100% and 33.3% for stage IA and grade 3 (n = 3),
96.9% and 92.1% for stage IC and favorable histology (n = 67), 93.3% and 66.0% for stage IC and
clear cell histology (n = 15), and 66.7% and 66.7% for stage IC and grade 3 (n = 3). Forty-five
(53.6%) of 84 patients who were nulliparous at fertility-sparing surgery and married at the time of
investigation gave birth to 56 healthy children.

Conclusion y ]
Our data confirm that fertility-sparing surgery is a safe treatment for stage |A patients with

favorable histology and suggest that stage |A patients with clear cell histology and stage IC
patients with favorable histology can be candidates for fertility-sparing surgery followed by

adjuvant chemotherapy.

J Clin Oncol 28:1727-1732. © 2010 by American Society of Clinical Oncology

The standard su
epithelial ovarian cancer (EOC) is total hysterec-
tomy plus bilateral salpingo-oophorectomy with
peritoneal and lymph-node sampling. Fertility-
sparing surgery that includes unilateral salpingo-
oophorectomy and optimal surgical staging is an
option available to young women with stage I EOC.
However, the recommended indications for such
treatment remain controversial.

Pertility-sparing surgery for reproductive-age
patients with invasive EOC has been adopted for
stage IA and non-clear cell histology grade 1 (G1)/
grade 2 (G2) according to the 2007 guidelines of the
American College of Obstetrics and Gynecology
(ACOG)! and for unilateral stage I tumor without
dense achesions showing favorable histology (ie,
non-clear cell histology G1/2) according to the 2008

guidelines of the European Society for Medical On-
cology (ESMO).? In Japan, fertility-sparing surgery
has been recommended for patients with stage IA
tumor or unilateral stage IC tumor on the basis of
intraoperative capsule rupture [IC(b)] and favor-
able histology, according to the 2004 guidelines’
and the 2007 guidelines® of the Japan Society of
Gynecologic Oncology (JSGO). EOC with clear cell
or grade 3 (G3) histology and with bilateral ovarian
involvement has been excluded from indications for
fertility-sparing surgery in all three guidelines. The
recommendations regarding fertility-sparing sur-
gery for unilateral and stage IC EOC differ widely
among these guidelines, although those for unilat-
eral and stage IA EOC with favorable histology are
common to all three guidelines.

The number of published studies concerning
fertility-sparing surgery in young EOC patients who
wish to preserve the possibility of pregnancy is

© 2010 by American Society of Clinical Oncology 1727
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limited,** and each study inchuded fewer than 60 patients, too small
a population to allow consensus regarding recommendations for pa-
tient selection for fertility-sparing surgery in stage I EOC. This study
attempted to determine selection criteria for fertility-sparing surgery
in stage | EOC patients on the basis of clinical outcomes for more than
200 stage I EOC patients who underwent fertility-sparing surgery.

Patients

Between 1985 and 2004, patients with stage I invasive EOC who under-
went fertility-sparing surgery in 30 institutions belonging to the Gynecologic
Cancer Study Group of the Japan Clinical Oncology Group or who were
referred to these hospitals immediately after fertility-sparing surgery per-
formed elsewhere were enrolled onto this study. Patients were eligible if they
had stage I, G1, G2, or G3 EOG; if they were treated using fertility-sparing
surgery (conservation of the uterus and contralateral ovary and fallopian
tube); and if they were = 40 years of age at the time of fertility-sparing surgery.
Four patients (stage IB, n = 2; stage IC, n = 2) who showed microscopic
metastases in biopsy specimens from the opposite ovary were excluded from
this study because of the small number of patients and the insufficient dura-
tions of follow-up.

Reassessment of histologic cell type and tumor differentiation was
performed in each institution according the WHO criteria before enroll-
ment onto the present study. Histologic differentiation was defined as G1,
well differentiated; G2, moderately differentiated; or G3, poorly differentiated.
Staging was determined according to the International Federation of Gynecol-
ogy and Obstetrics (FIGO) dassification (1987). In this study, stage IC patients
were classified into three subgroups: stage IC(b), intraoperative capsule rup-
ture with negative peritoneal cytology; IC(a), preoperative capsule rupture
and/or tumor on ovarian surface with negative peritoneal cytology; and
IC(1/2), malignant cells in ascites or peritoneal washings. Institutional
review board approval was obtained from each institution before initiating
this investigation.

Factors for Analysis

Mucinous, serous, endometrioid, and mixed epithelial adenocarcinoma
were classified by histologic grade (G1, G2, or G3). Clear cell histology was not
graded in this study. We defined G1/2 non-clear cell adenocarcinoma as
showing favorable histology.

Stage 1A or IC patients with unilateral ovarian involvement were divided
into six subgroups to determine patient selection for fertility-sparing surgery,
as follows: stage IA and favorable histology, stage IA and clear cell histology,
stage IA and G3, stage IC and favorable histology, stage IC and clear cell
histology, or stage IC and G3.

We defined lethal recurrence (LR) as recurrence showing lesions
outside the remaining ovary, because a considerable number of previous
reports'> have suggested that patients with recurrence exclusively within
the remaining ovary show much better prognosis following salvage surgery
compared with patients displaying other patterns of recurrence. Outcomes
for patients were analyzed using overall survival (OS), recurrence-free
survival (RFS), and lethal recurrence—free survival (LRFS). We also inves-
tigated reproductive outcomes after fertility-sparing surgery in patients
who provided the information.

Statistical Analysis

Statistical analysis of data was performed using the JMP Statistics pack-
age (SAS Institute, Cary, NC). Two-sided probability values were calculated
throughout and considered to be significant at the level of P < .05. Survival
estimates were generated using Kaplan-Meier methods. Differences between
groups were tested using log-rank testing.

1728 © 2010 by American Society of Clinical Oncology

Patient Characteristics

A total of 211 patients with unilateral stage I EOC (stage IA,
n = 126; stage IC, n = 85) were entered onto the study. Table 1
summarizes the main characteristics of patients and tumors. Mean
patient age was 29 years (range, 14 to 40 years). Median duration of
follow-up after excluding patients who died was 78 months from
initial fertility-sparing surgery (range, 3 to 270 months).

Surgical Treatments

Of the 211 patients, 23 (10.9%) patients underwent restaging
laparotomy because of inadequate staging or cytoreduction at initial
surgery. Nine of the 23 patients underwent unilateral ovarian cys-
tecomy at initial surgery (laparoscopy, n = 4; laparotomy, n = 5) and
unilateral salpingo-oophorectomy at restaging laparotomy. As a re-
sult, 205 patients underwent unilateral salpingo-oophorectomy. The

Table 1. Patient Characteristics (N = 211)
Characteristic No. %
Age, years
Median 29
Range 14-40
Parity
Parous 26 12.3
Nulliparous 185 87.7
FIGO stage
1A 126 59.7
IC 85 40.3
Substage
IC(b) 55 26.1
IC(a) 18 8.5
1C(1/2) 12 5.7
Cell type
Mucinous 126 59.7
Serous 27 12.8
Endometrioid 27 12.8
Clear cell 30 14.2
Mixed epithelial 1 0.5
Histologic differentiation
Well (G1) 160 75.8
Moderate (G2) 18 71
Poor (G3) 6 28
Not classified (clear cell) 30 14.2
FIGO stage and histologic differentiation
1A
G1 95 473
G2 13 6.2
G3 3 1.4
Clear cell 15 74
IC
G1 65 30.8
G2 2 0.9
G3 3 14
Clear cell 15 7.1
Abbreviations: G(1/2/3), non-clear cell histology grade (1/2/3); FIGO, Interna-
tional Federation of Gynecology and Obstetrics; IC(b), intraoperative capsule
rupture with negative peritoneal cytology; IC(a), preoperative capsule ruptured
and/or tumor on ovarian surface with negative peritoneal cytology; 1C(1/2),
malignant cells in ascites or peritoneal washings.
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Table 2. Types of Surgery in Initial Treatment
Surgery Type No. of Patients
Unilateral salpingo-oophorectomy 205
Alone 64
BO ' 43
oM 16
RLND 5
BO + OM 27
BO + RLND 5
OM + RLND 18
BO + OM + RLND 26
Unknown 1
Unilateral ovarian cystectomy 6
BO 3
RLND 1
BO + OM 1
Unknown ) 1
Abbreviations: BO, biopsy from the opposite ovary; OM, partial omentec-
tomy; RLND, retroperitoneal lymph node dissection or biopsy.

remaining six patients underwent unilateral ovarian cystectomy at
initial laparotomy, not followed by restaging surgery. As for other
surgeries, 105 patients underwent biopsy (wedge resection) of the
opposite ovary, 88 patients underwent partial omentectomy, and 55
patients underwent retroperitoneal lymph node dissection or biop-
sies. Table 2 provides details of surgical treatments.

Surgical staging included careful inspection and palpation of
peritoneal surfaces with biopsies of any suspect lesions and peritoneal
washing cytology. No patients received endometrial curettage during
surgery, although most patients had endometrial cytology or biopsy
before surgery. If optimal surgical staging required at least omentec-
tomy in addition to unilateral salpingo-oophorectomy, 87 (41.2%) of
the 211 patients were optimally staged and 124 (58.8%) were nonop-
timally staged. Only 74 (35.1%) patients were optimally staged in
one-step surgery.

Adjuvant Chemotherapy

Platinum-based adjuvant chemotherapy was administered to
125 (59.2%) patients, with a mean number of four cycles (range, 1 to
12 cycles). The most common chemotherapy regimens were cispla-
tin + cyclophosphamide *+ doxorubicin (57 of 125; 45.6%) and
carboplatin + paclitaxel (46 of 125; 36.8%). Fifteen (7.1%) patients
received adjuvant chemotherapy without platinum (including oral

medication). The remaining 71 (33.6%) patients received no adjuvant
treatment after initial surgery.

Clinical Outcomes

Recurrence was identified during the follow-up period for 18
(8.5%) of 211 patients. Of these 18 patients, five showed recurrence
exclusively in the remaining ovary (non-LR; Table 3) and 13 had LR in
sites other than the remaining ovary (Table 4). At the end of this
investigation, eight patients were alive with no evidence of disease, five
patients were alive with disease, and five patients had died of disease.
All five patients with non-LR were treated with salvage surgery and
showed no evidence of disease.

Stage IA and favorable histology. 'This subgroup included 108
stage IA patients with favorable histology. Of these, 44 (40.7%) pa-
tients received platinum-based adjuvant chemotherapy after surgery,
and the 5-year OS, RES, and LRFS were 100%, 97.8%, and 99.1%,
respectively. Three patients with mucinous histology G1 developed LR
at 14, 70, and 73 months after fertility-sparing surgery (Table 4).
Median duration of follow-up for this group was 79 months.

Stage IA and clear cell histology. This subgroup included 15 stage
IA patients with clear cell histology. Of those, nine (60%) patients were
treated with platinum-based adjuvant chemotherapy. The 15 patients
showed rates of 100% for 5-year OS, RFS, and LRFS. Median duration
of follow-up for these patients was 78 months.

Stage IA and G3. One of the three stage IA patients with G3
received platinum-based adjuvant chemotherapy and was alive with-
out recurrence 256 months after fertility-sparing surgery. Two pa-
tients without any adjuvant chemotherapy had LR at 25 and 31
months after fertility-sparing surgery (Table 4), although both were
alive with disease at the end of this investigation (duration of follow-
up, 65 and 90 months).

Stage IC and favorable histology. This subgroup included 67
stage IC patients with favorable histology. Platinum-based adjuvant
chemotherapy was administered to 57 (85.1%) patients following
surgery. The 5-year OS, RFS, and LRFS were 96.9%, 92.1%, and
95.4%, respectively. As for subgroups of stage IC [IC(b), n = 43;1C(a),
n = 14; IC(1/2), n = 10], the 5-year RES was 92.9%, 91.7%, and
90.0%, respectively. Three (4.5%) of 67 patients developed LR, with
one stage IC(b) patient with endometrioid histology G1, one stage
IC(b) patient with mucinous histology G1, and one IC(1/2) patient
with serous histology G1 developing LR at 20, 8, and 3 months after
fertility-sparing surgery, respectively (Table 4). Median duration of
follow-up for this group was 76.5 months.

Table 3. Characteristics of Patients With Recurrence in the Residual Ovary Alone (non-lethal recurrence)

Patient Age Platinum-Based Time to Recurrence Follow-Up After
No. (years) Stage Histologic Type Grade Chemotherapy (months) Recurrence (months) Status
1 18 1A Mucinous 1 No 83 119 NED
2 26 1A Serous 1 Yes 52 164 NED
3 26 I1C(b) Endometrioid 1 No 7 45 NED
4 36 IC(b) Clear cell Not graded No 21 124 NED
5 26 IC(a) Mucinous 1 Yes 43 16 NED

tumor on ovarian surface with negative peritoneal cytology.

Abbreviations: NED, no evidence of disease; IC(b), intracperative capsule rupture with negative peritoneal cytology; IC(a), preoperative capsule ruptured and/or
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Table 4. Characteristics of Patients Showing Recurrence With Lesions Outside the Residual Ovary (lethal recurrence)
Time to Follow-Up After
Patient ~ Age Platinum-Based Recurrence Recurrence

No. (years) Stage Histologic Type Grade Chemotherapy Site of Recurrence __[months) (months) Status

1 19 1A Mucinous 1 No Peritoneum - 70 149 NED

2 27 1A Mucinous 1 No Lung 73 34 DOD

3 29 IA Mucinous 1 No Abdominal wall 14 39 AWD

4 22 A Serous 3 No Residual ovary, ascites 25 231 NED

5 40 1A Endometrioid 3 No Para-aortic lymph nodes 31 34 NED

6 15 IC(b) Mucinous 1 Yes Peritoneum 8 18 AWD

7 31 IC(b) Endometrioid 1 Yes Liver 20 6 DOD

8 29 IC(b) Clear cell Not graded No Para-aortic lymph nodes 15 86 AWD

9 29 IC(b) Clear cell Not graded Yes Residual ovary, ascites, peritoneum 1 19 DOD

10 36 IC(b) Clear cell Not graded Yes Liver 46 8 AWD
1" 33 IC(a) Endometrioid 3 Yes Not recorded 1 5 DOD
12 26 IC(1/2)  Serous 1 Yes Peritoneumn 3 22 DOD
13 38 IC(1/2)  Clear cell 0 No Residual ovary, pelvic lymph nodes, 21 29 AWD

peritoneum

Abbreviations: NED, no evidence of disease; DOD, died of disease; AWD, alive with disease; IC(b), intraoperative capsule rupture with negative peritoneal cytology;
IC(a), preoperative capsule ruptured and/or tumor on ovarian surface with negative peritoneal cytology; 1C(1/2), malignant cells in ascites or peritoneal washings.

Stage IC and clear cell histology. This subgroup included 15 stage
IC patients with clear cell histology. Eleven (73.3%) of these patients
were treated with platinum-based adjuvant chemotherapy. LR oc-
curred in two patients with and in two patients without platinum-
based adjuvant chemotherapy (Table 4). These 15 patients showed
rates of 93.3%, 66.0%, and 72.7% for 5-year OS, RFS, and LRFS. In
particular, 5-year RFS of 11 stage IC(b) patients resembled that of the
other four stage IC patients (63.6% v 75.0%, respectively). Median
duration of follow-up for the 14 survivors was 64 months.

StageICand G3. All three stage IC patients with G3 were treated
using platinum-based chemotherapy after surgery, but one patient
developed LR and died of disease 6 months after fertility-sparing
surgery. The remaining two patients were alive without recurrence 58
and 230 months after fertility-sparing surgery.

Comparison of Clinical Outcomes Among Subgroups

We compared OS and RFS among the four subgroups except for
the two subgroups (stage IA and G3, or stage IC and G3) consisting of
only three patients. In terms of OS, no significant differences were seen
among the four subgroups. Significant differences in RFS were seen
between the following three pairs of subgroups: stage IA favorable
histology versus stage IC clear cell histology (97.8% v 66.0%;
P <.001), stage IC favorable histology versus stage IC clear cell histol-
ogy (92.1% v 66.0%; P = .008), and stage IA clear cell histology versus
stage IC clear cell histology (100% v 66.0%; P = .02).

Figure 1 shows OS and RFS curves in those with good prognosis
(group I: stage IA favorable histology [n = 108]), those with fairly
good prognosis (group II: stage IA clear cell histology or stage IC
favorable histology [n = 82]), and those with poor prognosis (group
III: stage IA G3, stage IC clear cell histology, or stage IC G3 [n = 21]).
No significant differences in OS were seen between groups I and II
(P = .21) or between groups II and III (P = .29), whereas significant
differences were identified between groups I and III (P = .02). No
significant differences in RFS were apparent between groups I and II
(P = .65), but significant differences were noted between groups Iand
III (P < .001) and between groups I and III (P < .001).

1730 © 2010 by American Society of Clinical Oncology

Reproductive Outcomes

After fertility-sparing surgery with or without adjuvant chem-
otherapy, 182 (96.8%) of 188 patients who gave information on
menstruation had almost the same cycle of menstruation as before
treatment. Six (5.0%) of 121 patients who received platinum-based
adjuvant chemotherapy showed continued secondary amenorrhea for
6, 48, 66, 72, 172, and 224 months following two to six cycles of
chemotherapy (median, four cycles).

Of the 195 patients who gave reproductive outcomes at the
end of the investigation, 55 (28.5%) patients achieved 76 pregnan-
cies and 53 gave birth to 66 healthy children after fertility-sparing
surgery. Five (9.1%) of 55 patients had received some kind of infertility
treatment before pregnancy. These patients and their babies showed
no clinical problems during the perinatal period. Four (9.4%) of 53
patients who gave birth to children underwent completion surgery,
including hysterectomy and contralateral salpingo-oophorectomy, af-
ter childbearing.

Forty-five (53.6%) of 84 patients who were nulliparous at
fertility-sparing surgery and married at the end of the follow-up pe-
riod had achieved 65 pregnancies, and 43 had given birth to 56 healthy
children during follow-up (mean follow-up, 8.8 years). Of the 84
patients, the remaining 39 patients had not conceived during
follow-up (mean follow-up, 7.2 years), and mean age was 37 years
(range, 25 to 54 years) at the end of the investigation.

In this series, recurrence rate among the 211 stage | EOC patients after
fertility-sparing surgery was 8.5% (18 of 211), falling within the 5.4%
to 30.3% reported previously.>*'%>!* Of the 18 patients with recur-
rence, five (2.4%) patients showing recurrence exclusively in the re-
sidual ovary achieved no evidence of disease. According to data from
five studies™®'>'>'* that investigated relationships between sites of
recurrence and clinical outcomes, eight of 10 patients with recurrence
limited to the residual ovary achieved no evidence of disease following
salvage therapy, whereas only three of 21 patients with recurrence at
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Fig 1. (A) Overall survival curves for patients with good prognosis (group 1), fairly
good prognosis (group Il), and poor prognosis (group lil). Group I: stage IA and
favorable histology; group II: stage IA and clear cell histology, or stage IC and
favorable histology; group Ill: stage IA and clear cell histology grade 3 {G3), stage
IC and clear cell histology, or stage IC and G3. (B) Recurrence-free survival curves
for groups |, II, and Il

extra-ovarian sites achieved no evidence of disease. We thus evaluated
LRFS in addition to OS and RFS in this study.

The 108 stage IA patients with favorable histology showed a
5-year RFS of 97.8% and a 5-year LRFS of 99.1% (5-year recurrence
rate, 2.2%; 5-year LR rate, 0.9%), although only 40.7% of these pa-
tients received platinum-based adjuvant chemotherapy after surgery.
Stage IA patients with favorable histology were always included in
selection criteria for fertility-sparing surgery in previous reports and in
various guidelines.''* The recurrence rate for stage IA patients with
favorable histology in four previous reports™'®*>!* was 0% to
22.2% during follow-up. Our data confirm fertility-sparing sur-
gery as a safe treatment option for stage IA patients with favorable
histology, even when fertility-sparing surgery is not followed by
adjuvant chemotherapy.

In this study, 15 stage IA patients with clear cell histology showed
no recurrence, with lymph node biopsy or dissection performed in six
(40%) patients and adjuvant platinum-based chemotherapy given to
nine (60%) patients. Our data correspond with that in a recent report
by Kajiyama et al*® showing no recurrence in four stage IA patients
with clear cell histology who had undergone fertility-sparing surgery.
Other investigations,'*'>** however, have reported three recurrences
among eight stage IA patients with clear cell histology after fertility-
sparing surgery. These data suggest that stage IA patients with clear cell

www.jco.org

histology may be candidates for fertility-sparing surgery, including
optimal staging followed by adjuvant chemotherapy.

In our series, only one of three stage IA patients with G3 survived
for 5 years without recurrence. The recurrence rate for the 17 stage IA
patients with G3 from six investigations>”'>'>!* who underwent
fertility-sparing surgery was 35.3% (6 of 17), although some reports
classified clear cell histology into G3. These data suggest that fertility-
sparing surgery cannot be recommended for stage IA patients with G3.

The 67 stage IC patients with favorable histology had a 5-year RFS
0f92.1% and a 5-year LRFS of 95.5%. Outcomes seem to be better in
our study compared with the recurrence rate of 12.8% (5 of 39) in
previous studies.”'%*>!* Platinum-based adjuvant chemotherapy was
more frequently given to this group compared with the stage IA and
favorable histology group (85.1% v40.7%; P < .001). In our series,
no significant difference in 5-year RFS was seen among 43 IC(b)
patients, 14 IC(a) patients, or 10 IC(1/2) patients with values of
92.9%, 91.7%, and 90.0%, respectively. Our data suggest that stage IC
patients with favorable histology in the unilateral ovary can be candi-
dates for fertility-sparing surgery, including optimal staging followed
by adjuvant chemotherapy.

Our series included 15 stage IC patients with clear cell histology.
These patients showed a 5-year RES of 66.0% and a 5-year LRFS of
72.7%, even when 11 (73.3%) patients were treated with platinum-
based adjuvant chemotherapy. Kajiyama'® reported that one stage
IC(2) patient among the six stage IC patients with clear cell histology
experienced relapse and died of the disease, Five-year RES was 63.6%
for 11 IC(b) patients, 100% for two IC(a) patients, and 50% for two
IC(1/2) patients. These data suggest that stage IC patients with clear
cell histology cannot be candidates for fertility-sparing surgery.

Our series included three stage IC patients with G3. One patient
developed LR and died of the disease 6 months after fertility-
sparing surgery, although all three patients had been treated with
platinum-based adjuvant chemotherapy. In previous reports,'®**
four of nine stage IC patients with G3 who underwent fertility-
sparing surgery displayed recurrence. These data suggest that
fertility-sparing surgery cannot be recommended for stage IC pa-
tients with G3.

In addition to the study patients, during the study period, we
managed four patients with unilateral stage I EOC treated with
fertility-sparing surgery elsewhere, who were referred to these hospi-
tals for treatment of lethal recurrent disease and died of the disease.
These four patients included one stage IA patient with clear cell histol-
ogy, one stage IA patient with G3, and two stage IC patients with G3.
Clinical outcomes for these patients support our recommendations
regarding fertility-sparing surgery for unilateral stage I EOC.

In our series, 5% of patients with platinum-based adjuvant
chemotherapy developed secondary amenorrhea and infertility,
suggesting that we should not administer adjuvant chemotherapy
to patients with stage IA and favorable histology without serious
consideration. As for the reproductive outcome, we confirmed that
most married but nulliparous EOC patients undergoing fertility-
sparing surgery can give birth to children within several years after
fertility-sparing surgery.

In conclusion, this study confirmed that stage IA EOC patients
with favorable histology can be safely treated with fertility-sparing
surgery not followed by platinum-based adjuvant chemotherapy.
We would thus propose that fertility-sparing surgery be considered
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Table 5. Recommendation for Fertility-Sparing Surgery in Young Patients
With Unilateral Stage | Ovarian Cancer

Histology/Grade
Stage FH CCH G3
1A Offer FSS Consider FSS + CT No FSS
1C Consider FSS + CT No FSS No FSS

Abbreviations: FH, favorable histology (mucinous, serous, endometrioid, or
mixed histology and grade 1 or 2); CCH, clear cell histology; G3, clear cell
histology grade 3; FSS, fertility-sparing surgery; CT, adjuvant chemotherapy.

Conception and design: Toyomi Satoh, Hiroyuki Yoshikawa

for stage IA EOC patients with clear cell histology and for stage IC
EOC patients with unilateral ovarian involvement and favorable
histology, under conditions of performing complete staging surgery
and platinum-based adjuvant chemotherapy (Table 5). Conversely,
fertility-sparing surgery cannot be recommended for patients with
stage IA with G3 histology or stage IC with clear cell or G3 histology.
Theoretically, a randomized controlled trial may be needed to com-
pare conservative surgery with radical surgery for young patients with
EOC to achieve high-quality evidence. However, such trials may not
be ethically feasible. Confirming the decision of patient criteria for
selection in a phase II trial would be appropriate.
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Objectives. The purpose of this study was to identify genes that predict progression-free survival (PFS) in
advanced epithelial ovarian cancer (aEOC) receiving standard therapy.

Methods. We performed microarray analysis on laser microdissected aEOC cells. All cases received staging
laparotomy and adjuvant chemotherapy (carboplatin + paclitaxel) as primary therapy.

Keywords: Results. Microarray analysis identified 50 genes differentially expressed between tumors of patients with
g::;;';i?"cer no evidence of disease (NED) or evidence of disease (ED) (p<0.001). Six genes (13%) were located at 8q24,
Amplification and 9 genes (19.6%), at 20q11-13, The ratio of selected gene set/analyzed gene set in chromosomes 8 and 20
Biomarker are significantly higher than that in other chromosome regions (6/606 vs. 32/13656, p=0.01) and (12/383
Carboplatin vs. 32/13656, p=1.3 x 10~ '¢). We speculate that the abnormal chromosomal distribution is due to genomic
Paclitexal alteration and that these genes may play an important role in aEOC and choose GNAS (GNAS complex locus,
NM_000516) on 20q13 based on the p value and fold change. Genomic PCR of aEOC cells also showed that
amplification of GNAS was significantly correlated with unfavorable PFS (p=0.011). Real-time quantitative
RT-PCR analysis of independent samples revealed that high mRNA expression levels of the GNAS genes,
located at chromosome 20q13, was significantly unfavorable indicators of progression-free survival (PFS).

Finally, GNAS amplification was an independent prognostic factor for PFS.
Conclusions. Our results suggest that GNAS gene amplification may be an independent, qualitative, and

reproducible biomarker of PFS in aEOC.

© 2010 Elsevier Inc. All rights reserved.
Introduction chemotherapy resistance. In contrast, small numbers of patients with

Epithelial ovarian cancer (EOC) remains the most common cause of
cancer death in women and the leading cause of death from gynecologic
cancer. Early diagnosis of EOC is extremely difficult because most
patients with early-stage disease are asymptomatic, so that 80% of
patients present with advanced disease. Standard therapy includes
surgical procedures (bilateral adnexectomy + hysterectomy + greater
omentectomy) with staging laparotomy, debulking surgery, and
postoperative chemotherapy using a combination of platinum and
taxane. In 70% of advanced EOC (aEOC) patients, complete clinical
responses are achieved; however, tumor recurs in most patients within
1 to 2 years after diagnosis and death is due to the development of

* Corresponding author. Department of Obstetrics and Gynecology, School of
Medicine, Keio University School of Medicine, 35 Shinanomachi, Shinjyuku-ku,
Tokyo, 160-8582, Japan. Fax: +81 3 3353 0249.

E-mail address: htsud@sc.itckeio.ac.jp (H. Tsuda).

0090-8258/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.ygyno0.2010.03.010

aEOC are cured by standard therapy. Although several clinical features
are associated with poor prognosis, including poor performance status,
suboptimal debulking surgery, clear cell or mucinous histology, high
histologic grade, old age, or slow decrease in serum CA125 during
adjuvant chemotherapy, reliable predictive biomarkers for aEOC are still
lacking. If such markers could be established, patients who are likely to
relapse and die of disease might be identified. These patients would be
appropriate candidates for experimental approaches using novel
anticancer drugs or new combination chemotherapy.

Recently, molecular diagnostic methods have been developed and
BAX or BRCA1 have been reported to be predictive biomarker for aEOC
[1,2]. We also previously reported that abnormalities of cell cycle
regulators are predictive prognostic indicators for EOC [3]. Similarly,
gene expression profiles or array comparative genomic hybridization
(aCGH) has been reported to offer predictive/prognostic information
for aEOC [4-7]. However, in order to identify useful predictive
biomarkers for EOC, it is important that the markers should be tested
in the context of standard therapy. In addition, the histology of the
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tumors should be considered because clear cell and mucinous types
are usually more chemoresistant than other histologic types [8,9].

In this study, we used oligonucleotide microarrays combined with
RNA isolated from microdissected tumor tissue to identify new
prognostic biomarkers for aEOC patients receiving standard therapy.
We excluded clear cell or mucinous tumors from our analysis based
on the chemosensitivity.

Materials and methods
Patients and samples

Subjects eligible for this study were patients with histologically
confirmed stage lic-IV EOC (excluding mucinous and clear cell types)
receiving standard therapy. Histologic grade was determined using
WHO grading system. Additional inclusion criteria included an Eastern
Cooperative Oncology Group performance status of 0 to 2. Exclusion
criteria included a history of prior chemotherapy or major surgery. All
patients received standard surgery and chemotherapy using carboplatin
and paclitaxel. Standard surgery was bilateral adnexectomy, hysterec-
tomy, and greater omentectomy with staging laparotomy and debulking
surgery. Thirty-three aEOC patients were enrolled for microarray
analysis, and an additional 107 patients were for real-time PCR analysis.
The progression-free survival (PFS) was defined from the date of
primary surgery to the date of the first occurrence of any of the following
events: appearance of any new lesions, tumor progression, elevation of
the CA125 level to at least two times the upper limit of normal or a nadir
CA125 level, or death from any cause, The patients were determined to
be no evidence of disease (NED) or evidence of disease (ED) at the
disease progression or final visit. The study was approved by the
Institutional Review Board of the Osaka City General Hospital and School
of Medicine, Keio University, and written informed consent was
obtained from all patients. Tumor specimens were obtained at operation
and were immediately stored at —80 °C.

Study design

One hundred and forty aEOC samples were evaluated. The samples
were divided between microarray analysis (n=33) and a real-time
PCR analysis (n=107). Microarray analysis was performed using 33
samples, and candidate genes showing significant correlation with
disease progression were identified. The GNAS gene was evaluated in
an independent set of 107 samples, and PFS was predicted using the
results of real-time PCR analyses of both mRNA and DNA.

Microdissection

Microdissection was performed as described previously. In brief,
frozen sections (6 pm) prepared from tumor tissue specimens were
affixed to glass slides and stained by Histogene LCM Frozen Section
Staining Kit (Arcturus Engineering, Mountain View, CA). Stained
sections were microdissected using a PixCell Ile LCM system (Arcturus
Engineering, Mountain View, CA). Tumor cells and adjacent non-
tumor stromal cells were visualized under the microscope and tumor
cells selectively released by activation of the laser. Approximately
15,000 tumor cells were dissected in each case.

RNA and DNA extraction and amplification

Total RNA and DNA extractions were performed using the PicoPure
RNA Isolation Kit and PicoPure DNA Extraction Kit according to the
manufacturer's instructions (Arcturus Engineering, Mountain View,
CA). RNA was amplified using a modified single-round T7 RNA
amplification protocol. In brief, total RNA (600 ng) was first incubated
with 1l of T7 primer(5-GCATTAGCGGCCGCGAAATTAATACGACT-
CACTATAGGGAGATTTTTTTTITTTTTTTTTTVN-3, 200 ng/pl) in a total

volume of 50 pl for 3 min at 70 °C. First-strand cDNA synthesis was
then performed by incubating 5 pl of primer-annealed sample and 5
of first strand master mix containing 2 pl of 5x first-strand buffer, 1 pl
of 0.1 M DTT, 0.5 ul of DEPC water, 0.5l 10 mM dNTP mix, 0.5 pl
RNase inhibitor, and 0.5 pl of MMLYV reverse transcriptase (200 U/pl)
for 1 h and 15min at 37 °C. Subsequently, second-strand cDNA
synthesis was performed by incubating the 10 pl first-strand reaction
with 65 pl of second master mix, which contained 46 pl DEPC water,
15 pl 5x second-strand buffer, 1.5 pl of 10 mM dNTP mix, 0.5 pl of
Escherichia coli DNA ligase (10 U/pl), 1.5 pl E. coli DNA polymerase |
(10 U/), and 0.5 pl E. coli RNase H (2 U/pl), for 2 h at 16 °C, and then
for 15 min at 70 °C. The entire 75 pl cDNA sample was loaded onto a
ChromaSpin TE-200 spin column (BD Biosciences, San Diego, CA), which
was centrifuged for 5min at 2900 rpm (700xg) in an Eppendorf
centrifuge. Purified cDNA was collected, lyophilized, dissolved in 8 pl of
RNase-free water, and incubated at 70 °C for 10 min. In vitro
transcription was subsequently performed by incubating the 8 pl post-
lyophilization cDNA product with 12.2 pl of master mix containing 2 pl
of 10x T7 reaction buffer, 6 pl of 25 mM rNTP Mix, 2 pl of 100 mM DTT,
0.2 ul of RNase inhibitor (40 U/ml), and 2 pl of T7 RNA polymerase for
3 hat 37 °C. The amplified RNA was purified on an RNeasy mini column
(Qiagen, Valencia, CA) as per the manufacturer's protocol. The purified
amplified RNA was quantified using RiboGreen RNA Quantitation
Reagent (Molecular Probes, Eugene, OR).

Oligonucleotide microarray analysis

The microarray procedure was performed according to Affymetrix
protocols (Santa Clara, CA). In brief, total RNA extracted from tumor
samples was checked for quality using an Agilent 2100 Bioanalyzer
(Agilent Technologies, Waldbronn, Germany) and cRNA was synthe-
sized using the GeneChip 3’-Amplification Reagents One-Cycle cDNA
Synthesis Kit (Affymetrix). The labeled cRNAs were then purified and
used for construction of probes. Hybridization was performed using
the Affymetrix GeneChip HG-U133 Plus2.0 array for 16 h at 45 °C.
Signal intensities were measured using a GeneChip Scanner3000
(Affymetrix) and converted to numerical data using the GeneChip
Operating Software, Ver.1 (Affymetrix).

DNA copy number analysis

The method has been described previously [5,10]. From array data,
we focused on 20q11-13 loci for further examination, because we
thought that 20q11-13 loci are amplified in the ED group. We chose
GNAS (GNAS complex locus, NM_000516) on 20q13 based on the p
value and fold change. Results were normalized to the amount of
RH78455 of chromosome 5q22.2 as genomic internal control locus.
Regarding the internal DNA copy number control, we selected the
genomic region of chromosome 5q, which is less frequently received the
genomic alterations in ovarian cancers referred to previous report [11-
13]. Next, we checked 10 primers (D55818, D55409, D55349, D55346,
D55519, D55422, STSR33609, RH46186, RH78455, RH68508) of chro-
mosome 5 region according to database of sequence tagged sites (STSs,
http://www.ncbi.nlm.nih.gov/unists). Among them, RH78455 was
most specific and reproducible primers, then we used it as internal
DNA copy number control. The DNA was quantified using the Power
SYBR Green PCR Master Mix (Applied Biosystems) and 7900HT Fast
Real-time PCR system (Applied Biosystems) and reported relative to the
control primer. The control DNA for standard DNA copy numbers was
purchased from Invitrogen (Carlsbad, CA). The PCR conditions were as
follows: one cycle of denaturation at 95 °C for 10 min, followed by 40
cycles at 95 °C for 15s and 60 °C for 60 s. If copy number was >1.5
relative to the chromosome control, we judged that there was
amplification [5]. The primers used for estimating DNA copy numbers
were as follows: GNAS: SHGC59923-FW: 5-GGG TGG GCT TTT GIT CTT
TG-3, SHGC59923-RW: 5-AGG CAT AAA CGG GGG AGA TT-3, and
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Fig. 1. (A) Fifty genes differentially expressed between tumors in ED and NED patients. Dendrogram for clustering genes using centered correlation and average linkage. Red circles
indicate NED cases. (B) The chromosome distribution of the entire gene set and the selected subset of 50 genes. Among genes, which are located on chromosome 8 and 20, 50 genes
are frequently selected in aEOC.
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Table 1
Identification of 50 candidate PFS-related genes from microarray analysis.
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ARMOX2  ChrXq2133-q222 2.

chromosome 5q22.2: RH78455-FW: 5-TCC TGC AAA CAT TTA AAC TCC
A-3, RH78455-RW: 5-AAC AGC AACTGT TTT TTC CCC-3. Finally, for PCR,
1.5-fold was used as the cutoff for amplification, respectively [5].

Real-time quantitative RT-PCR for mRNA expression

In addition, mRNA expression levels were validated for GNAS (GNAS
complex locus, NM_000516) on chromosome 20q13. All results were
normalized to the amount of glyceraldehyde 3 phosphate dehydroge-
nase (GAPD, NM_002046). RNA was converted to cDNA using a
GeneAmp RNA PCR Core kit (Applied Biosystems, Foster City, CA). The
c¢DNAs were quantified using the Power SYBR Green PCR Master Mix
(Applied Biosystems) and 7900HT Fast Real-time PCR system (Applied
Biosystems) and reported relative to the GAPD expression levels. The
PCR conditions were as follows: one cycle of denaturation at 95 °C for
10 min, followed by 40 cycles at 95 °C for 15 s, and 60 °C for 60 s. To
amplify the target genes, all of the primers used for real-time RT-PCR
were purchased from Takara (Yotsukaichi, Japan), which is the major

company of molecular biology in Japan. We are frequently using their
primers [14-16], and we consider that the primers are reliable one.
GNAS-FW: 5-TGT ACA AGC AGT TAA TCA CCC ACC A-3, RW: 5-TCT GTA
GGC CGC CTT AAG CTT TC-3, GAPD-FW: 5-GCA CCG TCA AGG CTG AGA
AC-3, RW: 5-ATG GTG GTG AAG ACG CCA GT-3. Finally, we determined
the case as overexpression when the relative mRNA expression is larger
than median relative mRNA expression in all cases.

Statistical analysis

The microarray analysis was performed using the BRB Array Tools
software ver. 3.3.0 (http://www.linus.nci.nih.gov/BRB-ArrayTools.
html) developed by Dr. Richard Simon and Dr. Amy Peng. In brief, alog
base 2 transformation was applied to the raw microarray data, and
global normalization was used to calculate the median over the entire
array. Genes were excluded if the percentage of data missing or
filtered out exceeded 20% or if less than 20 % of expression data had at
least a 1.5-fold change in either direction from the median value.
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