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Abstract

Background The aim of this study was to investigate the
impact of the histological findings on the treatment of
malignant ovarian tumors in pregnant women.

Methods This is a retrospective study of 41 patients
diagnosed and treated for ovarian malignancy during
pregnancy between 1985 and 2010.

Results The median age of the study group was 30 years
old, ranging from 20 to 41. Thirty-eight (92 %) patients
were diagnosed with stage I, and one (2 %) with each of
stages II, III, and IV. Twenty-five (61 %) patients had
borderline malignancy, 8 (20 %) were diagnosed with
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epithelial ovarian cancer, 7 (17 %) with germ cell tumor,
and one with sex cord stromal tumor. All patients received
primary surgery; 7 (17 %) patients had cystectomy, 32
(78 %) had unilateral salpingo-oophorectomy, and 3 (7 %)
underwent hysterectomy with bilateral salpingo-oophorec-
tomy. Thirty-one (76 %) patients delivered live newborns;
21 had borderline tumor (84 %), 2 had ovarian cancers
(25 %), and 8 had non-epithelial tumor (100 %). Six cases
were terminated in order to perform the standard treatment
for ovarian malignancy and 2 cases aborted spontaneously.
Conclusion In pregnant women, ovarian cancer is
exceptionally less frequent compared with non-pregnant
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women, i.e. age-matched, statistically-corrected controls
based on the Japanese annual report [8/33 (24 %) vs.
control (60 %); ovarian cancer/(ovarian cancer + border-
line tumor), P = 0.001]. The pregnant women with ovarian
cancer chose to prioritize treatment of ovarian cancer at the
sacrifice of their babies while those with borderline tumor
or non-epithelial tumor were able to successfully deliver
live newborns.

Keywords
Progesterone

Ovarian cancer - Preganancy - Pathology -

Introduction

Malignant ovarian tumors diagnosed during pregnancy are
extremely rare [!, 2] which is reflected in the paucity of
reports in the literature. The estimated occurrence of
ovarian carcinoma in pregnancy is reported to be between
1:10,000 and 1:50,000 [3, 4] pregnancies with a reported
incidence of 0.0179 [5] to 0.11 [6] per 1000 pregnancies.
Germ cell tumors are reported as more prevalent than other
histological types of ovarian malignancy diagnosed during
pregnancy [7, 8], which is consistent with the age-matched,
non-pregnant women [9, [0]. Epithelial ovarian malig-
nancy is reported to occur in 1:12,000 to 1:50,000 preg-
nancies [, 11, 12]. The low incidence of epithelial ovarian
malignancy detected during pregnancy appears to reflect
the low prevalence of ovarian cancer in young women [¢],
although childbearing among older women is increasing
these days. On the other hand, ovarian epithelial tumors
diagnosed during pregnancy are reported in the majority to
be borderline malignant tumors (BLM). BLM during the
reproductive age (20-40 years old) is more frequent than in
the age bracket (40-60 years old), which is more suscep-
tible to epithelial ovarian cancer (EOC). However, in
Japan, the real number of ovarian invasive cancers is still
much higher than BLM even in the reproductive age group.
Since the degree of malignancy is a particularly important
factor in deciding management methods for ovarian cancer
during pregnancy, we have reviewed the clinical courses of
41 cases, focusing on the treatment options based on
pathological findings in order to strike a balance between
maternal and fetal outcome.
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Materials and methods
Clinical and pathological profiles of the patients

This is a retrospective review of the clinical history of
patients with ovarian cancer during pregnancy who were
diagnosed and treated in the Gynecologic Oncology
Departments of 12 institutions over a 25-year period
between 1985 and 2010. This study was conducted in
compliance with the principles outlined in the Declaration
of Helsinki and was approved by each of the universities
and hospitals involved. The following clinical and patho-
logical information was collected from the patients’
records: patient’s age, gestational age at diagnosis, histo-
logical type of tumor, FIGO stage, type of surgery and
chemotherapy, and perinatal outcome.

All pathological diagnoses were performed by special-
ists from the Pathology Department at each hospital. For
EOC, the available specimens were reviewed again by a
surgical pathologist to obtain the pathological diagnosis
along with the type I/II classification. Follow-up informa-
tion at each hospital was recorded up to the date of last
contact or death.

Differences in proportions were evaluated by the chi-
squared test as deemed appropriate.

Results
Patient demographics

The median age of the patients was 30 years, ranging from
20 to 41 years. Table | shows the patients’ distribution by
stage and histological type. Thirty-eight patients (92 %)
were in stage I, and one patient (2 %) was in each of stages
IL, I, and IV. Twenty-five (61 %) were diagnosed with
BLM and 8 (20 %) had EOC, one of whom was diagnosed
with type II high-grade serous carcinoma. Seven (17 %)
had germ cell tumors and one had sex cord stromal tumor.
It should be noted that only three cases had advanced
ovarian cancer (stage >II); one case in each of the BLM,
EOC and non-epithelial categories. When the ratios of
EOC/(EOC + BLM) are compared with those in non-
pregnant, age-matched statistically corrected controls,
based on the Japanese Annual Report of Gynecologic
Malignancies 2010 [13], EOC was significantly less fre-
quent in pregnant women [8/33 (24 %) vs. 440/740
(60 %)] (P = 0.001).

Clinical features

Table 2 summarizes the clinical features in relation to the
histological type. No significant differences were noted
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Table 1 Patients’ demography by stage and histological type

FIGO stage Borderline malignancy (25) Epithelial cancer (8) Non-epithelial cancer (8) Total (%)
Serous Mucinous Mix SA MA EA CA IT MT YS SL

Ia 9 9 1 1 1 2 1 1 25 (61)

Ib 1 1(2)

Ic 1 3 1 1 3 1 2 12 (29)

Iic 1 1)

Ic 1 12

v 12

Total 12 12 1 2 1 2 3 3 2 2 1 41

SA serous adenocarcinoma, MA mucinous adenocarcinoma, EA endometrioid adenocarcinoma, CA clear cell adenocarcinoma, IT immature
teratoma, MT mature cystic teratoma with malignant transformation, YS yolk sac tumor, SL Sertoli-Leydig cell tumor

among obstetric data of gestation and delivery, and 26
(63 %) patients were pregnant for the first time. In 31
patients (76 %), ovarian tumor was detected in first tri-
mester and was removed immediately after the diagnosis
when the patient did not want the baby (8 cases). However,
when patients desired to keep their pregnancy, laparotomy
was performed at around 14 weeks of gestation when
hormonal function begins in the placenta. In 6 patients,
ovarian tumor was detected in the 2nd trimester and, in 4 of
them, the tumor was removed immediately after diagnosis.
One of them had abdominal pain at the late phase of the
2nd trimester and she underwent unilateral salpingo-
oophorectomy at 28 weeks of gestation, revealing the
EOC. Another patient with a yolk sac tumor had an
extremely high level of AFP in the late phase of the 2nd
trimester and a germ cell tumor was strongly suspected at
28 weeks of gestation. She received a Cesarean section
with concurrent salpingo-oophorectomy and omentectomy
at 28 weeks of gestation. She received chemotherapy after
delivery. In 3 patients, ovarian tumor was detected at
38 weeks of gestation when Cesarean section was per-
formed. All of these cases showed no apparent clinical
symptoms during pregnancy.

Although the tumor markers usually rise during preg-
nancy, the average serum CA125 in pregnant women with
EOC was higher than in those with BLM (176 u/ml vs. 56
u/ml), suggesting that a substantially higher level of CA125
might be an indicator of EOC, although there is a lack of
statistical evidence due to the small sample size. Similarly,
there were two cases of yolk sac tumor showing extremely
high levels of AFP > 6000 ng/ml, indicating that an
extraordinarily increased AFP could be an important
warning for the presence of yolk sac tumor. Clinical
symptoms of abdominal pain were seen in one case of EOC
and genital bleeding in one case of BLM; the latter might
be attributable to an obstetric cause. Among 31 patients
who gave birth to a healthy baby, 20 were selected for
Cesarean section. Eight patients had obstetric indications,
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while 5 patients terminated pregnancy at the earliest
opportunity in order to treat the ovarian malignancy after
termination, and 4 patients selected Cesarean section for
concurrent second surgery. There was no patient with a
history of infertility or a family history of hereditary cancer
syndrome.

One exceptional case with stage IV, high-grade serous
adenocarcinoma underwent immediate salpingo-oophorec-
tomy and omentectomy immediately after diagnosis in the
12th week of gestation. She terminated the pregnancy at
16 weeks of gestation, when multiple metastases were
detected in lung and liver. She received platinum-based
chemotherapy; however, the tumor grew further, she
developed brain metastasis, and died of the disease
6 months after diagnosis.

Surgery

Surgery was the primary treatment in all cases and the type
of surgery is listed in Table 3. The basic surgery was
composed of either or both of total abdominal hysterec-
tomy and/or salpingo-oophorectomy. Seven patients
(17 %) had cystectomy, 31 patients (76 %) had salpingo-
oophorectomy, and 3 patients (7 %) had total abdominal
hysterectomy. Of the 7 cystectomies, 6 were performed in
initial laparotomy as a core surgery under the preoperative
diagnosis of benign ovarian tumor. However, after patho-
logical diagnosis of ovarian malignancy, these patients
received additional surgery composed of not less than
salpingo-oophorectomy. One case with bilateral BLM,
underwent cystectomy and salpingo-oophorectomy to pre-
serve hormonal function at the initial surgery without any
further treatment. Additionally, 13 patients (31 %) under-
went omentectomy and 1 patient (2 %) had lymphade-
nectomy. Thirty-nine patients (95 %) underwent
conservative surgery as initial treatment. Surgery was
performed during the prenatal period in 27 cases, at the
time of delivery in 6, and postpartum in 3.
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Table 2 Clinical characteristics Table 3 Type of surgery
BLM Epithelial  Non-epithelial Total Surgery BLM Epithelial ~ Non- Total
tumor cancer cancer tumor  cancer epithelial (%)
(n=25) (n=38) (n=28) cancer
Parity Core surgery
0 16 5 5 26 Cystectomy 4° 0 3 7(17)
1 2 1 9 Uso 17 8 5 30 (73)
2 3 ! 2 6 BSO ! - - 1)
z3 0 0 0 0 TAH + BSO 3 - - 3.(7)
Gravidity Additional surgery
0 13 4 4 2 Lymphadnectomy - 1 - 1@2)
! 2 ! 10 Omentectomy 6 4 3 13 (31)
2 3 1 3 7
>3 1 0 3 TAH total abdominal hysterectomy, BSO bilateral salpingo-oopho-
Tumor detection rectomy, USO unilateral salpingo-oophorectomy, BLM borderline
malignancy
Lst trimester 20 6 5 31 a
% Oophorectomy and cystectomy
2nd trimester 2 2 2 6
3rd trimester 2 0 1 3
Unknown 1 0 0 1 Table 4 Clinical profiles of 12 cases treated with chemotherapy
Tumor marker Histological Stage Regimen Fetal Maternal
CAI25 type outcome outcome
>35 u/ml 8 4 3 15
<35 u/ml 7 1 0 8 BLM tumor
AFP Serous Ia CAP CS NED
>20 ng/ml 0 9 5 Serous i Unknown CS NED
<20 ng/ml 5 0 5 Mucinous Ia 5-FU T NED
Symptoms Epithelial ovarian cancer
Abdominal pain 0 1 0 1 Serous . TC T NED
Bleeding 1 0 0 1 Serous v TC T DOD
Delivery Endometrioid Ic TC VD NED
Transvaginal 9 1 1 11 Clear cell Ic CAP T NED
CS 12 1 7 20 Clear cell Ic TC SA NED
Obstetric indication 7 0 1 Non-epithelial ovarian cancer
Early termination 2 0 3 Immature 1lc BEP? CS NED
Concurrent second 2 1 1 Immature la VIP CS NED
operation Yolk sac Ic  PVB*  CS NED
Chemotherapy® 0 0 2 2 Yolk sac lc  BEP cs NED
Unclear 1 0 0 1

CS Cesarean section

# CS performed in order to minimize the toxicity of chemotherapy to the
fetus in utero

Chemotherapy

Table 4 lists 11 cases who received chemotherapy. Two
patients received chemotherapy with the fetus in utero. One
patient with yolk sac tumor, stage Ic, received 4 courses of
cisplatin, vincristine and bleomycin (PVB) from 20 to
28 weeks of gestation after confirmation from the histolog-
ical diagnosis obtained on unilateral salpingo-oophorectomy
at 17 weeks of gestation. She underwent Cesarean section at
31 weeks of gestation in order to obtain the intact survival of

BLM borderline malignancy, T termination, SA spontaneous abortion,
VD vaginal delivery, CS cesarean section, TC paclitaxel + carbo-
platin, CAP cyclophosphamide + doxorubicin + cisplatin, BEP ble-
omycin + etoposide + cisplatin, VIP ifosfamide + etoposide +
cisplatin, PVB cisplatin + vinblastine + bleomycin, NED no evi-
dence of disease, DOD died of disease

# Chemotherapy was performed with fetus in utero

the baby while minimizing the toxic effects of PVB to the
fetus. No residual tumor was detected at the time of
Cesarean section. Another patient with grade 3 immature
teratoma, stage Ilc, received 4 courses of bleomycin, eto-
poside and cisplatin (BEP) starting at 27 weeks of gestation
after confirmation of histological diagnosis on cystectomy at
23 weeks of gestation. She underwent Cesarean section at
33 weeks of gestation for the same reasons as the previous
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Table 5 Fetal outcome

Pathology Fetus Newborns

Abortion Termination Total (%) >37 weeks <37 weeks Unclear Total (%)
BLM tumor (25) 0 2 2 (8) 7 8 6 21 (84)
Epithelial ovarian cancer (8) 2 4 6 (75) 1 1 2 (25)
Non-epithelial ovarian cancer (8) 0 0 0 (0) 3 1 8 (100)
Total (41) 2 6 8 11 12 8 31

BLM borderline malignancy

case. Synchronously, she received unilateral salpingo-
oophorectomy and the resection of peritoneal disseminated
tumor. She continued BEP therapy after delivery to com-
plete the course. Out of 13 cases with stage Ic disease, 5
patients received chemotherapy, and all 13 cases are alive
with no evidence of the disease.

Fetal outcome

Table 5 summarizes fetal outcomes in all patients. Thirty-one
patients gave birth to a healthy baby after the removal of their
tumors in order to confirm the stage and the histological
findings, while 8 patients failed to deliver their babies. Out of
8 cases, 2 patients aborted spontaneously and 6 patients ter-
minated their pregnancy in the first or second trimester to
prioritize the treatment of ovarian cancer. Among 8 EOC
cases, 6 did not continue pregnancy (75 %), whereas, only 2
patients with BLM (8 %) and no patients with non-epithelial
ovarian cancer failed to continue pregnancy. For both of the
cases with BLM, it was strongly suspected that they had
invasive ovarian cancer on first diagnosis, which discouraged
the patients from continuing the pregnancy.

Discussion

The data presented here demonstrate that, in pregnant women,
the BLM tumor is the most frequent ovarian malignancy (25
cases), followed by EOC (8 cases) and germ cell tumor (8
cases). This trend is consistent with other reports [6, 14],
although it is of particular interest that our data shows that the
ratio of BLM:EOC (25:8) is more than three times that found
in the non-pregnant controls (300:440). Although the average
age of childbearing was older than previously during the
period of our investigation (1985-2010), this high incidence
rate of BLM had not been expected. For ovarian cancer in
pregnancy, primary surgery is indispensable to determine
whether the patients are able to continue their pregnancies.
When surgery reveals that the patient has BLM or a non-
epithelial tumor, this is indicative that a safe normal delivery
is possible. By contrast, in cases with EOC, 75 % of our
patients discontinued their pregnancies. The core point in
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treating ovarian malignancy in pregnant women is to confirm
the pathological diagnosis, particularly whether the tumor is
EOC. Here we focused on two important points: (a) the
clinical features and pathology-oriented treatment modalities,
and (b) the scarcity of EOC during gestation.

Firstly, several lines of enquiry are suggested by our
clinical surveillance of 41 gravid cases, despite some
paucity of data and the lack of imaging data.

All but 2 cases followed an asymptomatic course for an
average of 8 weeks of gestation after the patients had been
preoperatively diagnosed as possibly having ovarian malig-
nancy. Two cases experienced bleeding or abdominal pain in
BLM and EOC, respectively, but these symptoms were not
specific for their ovarian malignancies. Physicians in charge
of gravid patients would not expect an extremely rare case of
ovarian malignancy during pregnancy and it is quite normal
that they did not check tumor markers routinely. However,
our collected data indicate that extremely high levels of
CA125 are found in EOC compared with BLM, and much
higher than the natural elevation of CAl125 in pregnant
women. The fact that most of these cases were detected
during early pregnancy (1st or early 2nd trimester) indicates
that there may have been a pre-operative warning of EOC.,
This is more apparent with AFP level in the case of germ cell
tumor. An extreme increase in AFP strongly indicates that the
patient has germ cell tumor. When ovarian malignancy is
suspected, immediate removal of the tumor is recommended
in order to achieve a better outcome. It is essential to secure a
pathological diagnosis as well as the stage of the disease as
soon as possible. Initial surgery could avoid rapid progression
of the disease even when it is cystectomy. However, this is
undoubtedly insufficient surgery for the treatment of malig-
nant ovarian tumor and patients must receive follow-up sur-
gery. Cesarean section was occasionally performed as
concurrent second surgery to complete the surgical treatment
and to obtain more detailed staging information in order to
determine whether the patient needed adjuvant chemotherapy.
This is an acceptable strategy to treat malignant ovarian
tumor during pregnancy without delay.

Secondly, the possible protective effect of pregnancy on
tumorigenecity and progression of EOC is an important
issue these days [I15]. During the gestational period,
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maternal gonadotropin decreases strongly, while massive
placental production of progesterone begins. With regard to
gonadotropin stimulation, evidence has shown that animals
subjected to excessive gonadotropin have lower or no
tumor occurrence when treated with depot gonadotropin-
releasing hormone agonists [16, 17].

The tumors seen in these animals are tubular adenomas,
which grow within and replace the ovarian stroma, but which
do not invade in the uncontrolled manner characteristic of
malignant cancers and do not metastasize. The findings are
quite similar to those in ovarian BLM. On the other hand,
progesterone is implicated as a protective factor against
ovarian cancer, which is not mediated through suppression of
ovulation. Progesterone or the response of ovarian surface
epithelial cells to steroids affords protection against ovarian
cancer development or progression, and increased parity is
associated with a reduction in ovarian cancer risk [18, 19].
Although our data did not include EOC in a twin pregnancy,
women with a history of twin pregnancies exhibit a lower risk
for developing ovarian cancer, possibly due to the higher
levels of progesterone in maternal circulation during twin
pregnancies than during singleton pregnancies [1&, 20]. Fur-
thermore, women with natural dizygotic twins appear to have
higher gonadotropin levels during their reproductive years
[21, 22] and may be more likely to have double ovulation [23]
compared with women experiencing singleton pregnancies.
However, in a record-linkage study in women with dizygotic
twins, no excess of ovarian cancer cases appeared [24], and a
case—control study that examined the history of twin preg-
nancies found a slightly decreased risk with this factor [25].

In our retrospective study, along with the literature
review, we have investigated the pathological features of
malignant ovarian tumors during pregnancy to determine
whether the treatment modality could be managed on the
basis of histological findings and how to cope with the
ovarian malignancy while preserving the baby.

Our data has provided several lines of thought-provok-
ing issues that might be beneficial for future studies on
ovarian cancer in pregnant women.
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