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ABSTRACT

Introduction: Based on the available data on
ovarian cancer during pregnancy, we performed
a review and meta-analysis to evaluate the effi-
cacy and safety of platinum-based chemother-
apy against ovarian cancer during pregnancy.
Methods: We systematically searched three
databases including the PubMed, Embase, and
Cochrane Library databases for articles pub-
lished from January 1986 to December 2020
using the following terms: ‘‘ovarian tumors OR
ovarian carcinoma OR adnexal masses OR
ovarian cancer’’ AND ‘‘pregnancy’’ AND
‘‘chemotherapy.’’ Two authors (Yaping Pei and
Yuanfeng Gou) independently searched the lit-
erature and extracted data from each eligible
study. The outcome measures were overall sur-
vival (OS) and progression-free survival (PFS).

The OS and PFS of all patients were estimated by
Kaplan–Meier survival curves and log-rank tests.
Results: A total of 43 studies including 55 cases
of ovarian cancer during pregnancy were selec-
ted. Forty-eight patients were comprehensively
staged using the International Federation of
Gynecology and Obstetrics (FIGO) staging sys-
tem. Twenty-six of the 48 patients (54.17%)
were diagnosed with early-stage disease, while
the remaining had advanced stages (II, III, and
IV). The mean age at diagnosis was 29.31 years.
The majority of patients in this meta-analysis
were diagnosed at a mean gestational age of
16.05 weeks. The mean GA at chemotherapy
administration was 17.42 weeks. Overall, 55
women gave birth to 56 newborns, including a
pair of twins. At the end of follow-up (median
10 months, range 0–73 months), all the chil-
dren were healthy, except for one child who
died 5 days after delivery due to a congenital
abnormality. During 2–204 months of follow-
up, there were five cases of recurrence, with no
evidence of recurrence in the remaining cases.
Unfortunately, one patient died 29 months
after diagnosis. Neither median overall survival
nor median progression-free survival was
obtained.
Conclusion: Platinum-based chemotherapy
may be a good choice for pregnant women with
ovarian cancer who want to continue their
pregnancy.
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Key Summary Points

The incidence of cancer during pregnancy
is likely to increase due to the delay in
childbearing and application of
reproductive technology. Ovarian cancer
ranks fifth among the most common
malignant tumors diagnosed during
pregnancy, with an incidence of 0.2–2%
globally.

Based on the available data on ovarian
cancer during pregnancy, we performed a
review and meta-analysis to evaluate the
efficacy and safety of platinum-based
chemotherapy against ovarian cancer
during pregnancy.

Platinum-based chemotherapy may be a
potential approach for patients with early-
International Federation of Gynecology
and Obstetrics (FIGO)-stage ovarian
cancer during pregnancy.

INTRODUCTION

The incidence of cancer during pregnancy is
likely to increase due to the delay in childbear-
ing and the application of reproductive tech-
nology [1]. The incidence of ovarian cancer has
been reported at rates varying from 0.15 to
5.7%. Most ovarian tumors are benign and a few
are borderline, while malignant tumors are rare
[2]. Ovarian cancer ranks fifth among the most
common malignant tumors diagnosed during
pregnancy, with an incidence of 0.2–2% glob-
ally [3]. Owing to its low incidence and partic-
ularity, the diagnosis and treatment process
usually needs to comprehensively consider
many factors, such as pathological type, stage,
gestational age, maternal and fetal prognosis,
and the wishes of patients and family members,
which increases the difficulty in diagnosis and
treatment. Although guidelines based on the

Third International Consensus definitions were
developed by the European Society for Medical
Oncology in 2019, there are no relevant data
from large randomized trials that provide stan-
dard treatment for ovarian cancer during preg-
nancy. The goal for pregnant patients with
ovarian cancer is the same as for non-pregnant
individuals: to improve progression-free sur-
vival and preserve fertility. In addition, main-
taining the optimal balance between
management of the mother’s cancer and pre-
serving fetal health is critical. Therefore, multi-
disciplinary teams including gynecologists,
obstetricians, pathologists, chemotherapists,
and pediatricians are needed to provide a com-
prehensive therapeutic strategy and individual-
ized treatment for patients with ovarian cancer.
Standard chemotherapy for ovarian cancer in
cases without pregnancy include platinum-
based chemotherapy followed by surgery; in
particular the combination of carboplatin and
paclitaxel is suggested. Systemic chemotherapy
and surgery are not administered in the first
trimester to avoid affecting fetal outcomes due
to the higher risk of spontaneous abortion and
congenital malformations. Fetal deformity rates
of 14–19% have been reported with exposure to
chemotherapy drugs in the early stage of preg-
nancy, whereas the rate with exposure in the
second and third trimesters is similar to that in
healthy pregnant women (1–6%) [4]. However,
studies have shown that while chemotherapy in
the second and third trimesters during preg-
nancy will not increase fetal mortality and
deformity, it may increase the incidence of non-
malformation disorders, such as fetal growth
restriction, low birth weight, and preterm
delivery. In addition, while the maternal disease
is under control, the safety of the fetus exposed
to chemotherapeutic drugs is unknown. Previ-
ous studies have found that although exposure
in the second and third trimesters of pregnancy
has little effect on teratogenicity, it increases
the risk of intrauterine growth retardation,
preterm delivery, low birth weight, and bone
marrow toxicity [5]. The combination of car-
boplatin and paclitaxel is suggested for epithe-
lial ovarian cancer (EOC) and malignant sex
cord-stromal tumors during pregnancy. Bleo-
mycin-etoposide-cisplatin chemotherapy is
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considered a preferred choice for ovarian
malignant germ cell tumors. A cisplatin-vin-
blastine-bleomycin chemotherapy regimen may
be used instead of etoposide, which increases
the incidence of fetal intrauterine growth
restriction and neonatal complications [6].

Although there is growing evidence in the
literature for the use of chemotherapy during
pregnancy, its safety remains uncertain. There-
fore, the aim of this study was to conduct an up-
to-date systematic review and meta-analysis to
assess the efficacy and safety of chemotherapy
and to describe pregnancy and maternal
outcomes.

METHODS

Search Strategy

The PubMed, Embase, and Cochrane Library
databases were searched for relevant articles
published in English from January 1986 to
December 2020. The search strategy including
the following terms: ovarian tumors OR ovarian
carcinoma OR adnexal masses OR ovarian can-
cer AND pregnancy AND chemotherapy. The
references of all relevant reviews retrieved were
also examined to prevent the omission of
qualified studies. References to related articles
were also searched to determine studies that
might meet the criteria. The selection of all
relevant studies was conducted independently
by two authors (Yaping Pei and Yuanfeng Gou),
and differences were resolved together.

Inclusion Criteria

The inclusion criteria were as follows: women
diagnosed with primary ovarian cancer during
pregnancy; all published prospective and retro-
spective studies and case reports providing
patient-relevant information; use of
chemotherapy drugs during pregnancy. In the
case of duplicates in the literature, the most
recent and comprehensive articles were
selected.

Exclusion Criteria

Studies were excluded for any of the following
reasons: pregnant women without ovarian
cancer or metastatic ovarian cancer; studies that
were books or reviews; no chemotherapy drugs
were given during pregnancy; incomplete data.

Data Extraction

Study information was gathered as follows: first
author, publication year, patient age at diag-
nosis, gestational age (GA) at diagnosis, patho-
logical type, International Federation of
Gynecology and Obstetrics (FIGO) stage, grade,
GA at chemotherapy administration,
chemotherapy regimens during pregnancy and
cycles, treatment during pregnancy, adverse
events during pregnancy assessed using the
National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events version 5
(CTCAE v5.0) [7], tumor size, GA at delivery,
method of delivery, treatment after pregnancy,
lymph node status, recurrence, fetal outcome,
weight at delivery, follow-up period, overall
survival (OS) in months, progression-free sur-
vival(PFS) in months, and outcomes for women.

Statistical Analysis

Missing data were not included in the statistical
analysis, and the number of missing data were
indicated for each evaluation result. The quan-
titative synthesis of the published articles was
divided into two parts. First, for data that were
normally distributed, the classification data
were described by frequency and percentage
and count data (mean and standard deviation),
respectively, while non-normally distributed
data were described by median and range. Sec-
ond, the OS and PFS of all cases were estimated
by Kaplan–Meier survival curves. The log-rank
test was used for the comparison between dif-
ferent subgroups, including chemotherapeutic
drugs, FIGO stages, and pathological types. All
statistical analyses were performed with
GraphPad Prism 5.0 (GraphPad Software, Inc.,
La Jolla, CA, USA), and a value of P\0.05 was
considered indicative of statistical significance.
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This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors. Therefore the study
complies with ethics guidelines.

RESULTS

A flow chart showing the stages of the search
strategy is presented in Fig. 1. Following this
strategy, a total of 3022 potential studies were
searched and 2744 were excluded because of
duplicates or irrelevance (based on titles and
abstracts), using EndNote X9 software. Finally,
278 articles met the inclusion criteria. After full-
text assessment, 228 articles were excluded
because they were reviews, and five articles were
excluded because no platinum-based treatment
was used. Ultimately, 45 papers remained.
However, the full text for two articles could not
be found after much effort. As a result, 43 arti-
cles including 55 cases were eligible for the
present study [8–50].

Characteristics of Patients at Diagnosis

The detailed characteristics of all patients are
shown in Table 1. Three patients were of
unknown age at diagnosis of ovarian cancer,
with a mean age of 29.31 years (SD 9.87, range
18–43). The mean GA at the time of ovarian
cancer diagnosis was 16.05 (SD 7.72, range
7–29) weeks. Of the 55 cases, most were diag-
nosed in the second trimester of pregnancy
(77.55%); eight were diagnosed during the first
trimester (16.33%) and three during the third
trimester (6.12%), while data were missing in
six. The FIGO stage at diagnosis during preg-
nancy was early (stage I) in 54.17% (26 of 48) of
women, and the remaining were advanced
(stages II, III, IV). Among 52 patients with
ovarian cancer during pregnancy, 53.85% were
diagnosed with EOC (28 of 52) versus 46.15%
(24 of 52) with non-EOC (NEOC), and data in
three cases were lost.

Fig. 1 Flow chart of study selection in this meta-analysis
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Patient Management During Pregnancy

Detailed data on GA at the start of chemother-
apy were available for only 44 women. Except
for one patient who received chemotherapy at
8 weeks, all patients began treatment in the
second or third trimester of pregnancy. The
mean GA at chemotherapy administration was
17.42 (SD 9.88, range 8–34) weeks. Nine
patients (18.75%) received platinum alone; 39
patients received combination drugs, including
paclitaxel (15 patients), etoposide (5),
cyclophosphamide (4), bleomycin and etopo-
side (10), cyclophosphamide and doxorubicin
(1), and vincristine with bleomycin (4). Of the
37 women for whom data were available,
chemotherapy was well-tolerated by 22 patients
during pregnancy. Unfortunately, the remain-
ing 15 patients reported various types of adverse
events including anemia, dyspnea, ventricular
tachycardia, fatigue, fetal growth retardation,
hearing impairment, nausea, alopecia, vomit-
ing, decreased neutrophil count, and decreased
platelet count. In addition, intrauterine fetal
growth restriction occurred in two patients who
started chemotherapy at 8 and 24 weeks of
pregnancy [44, 53], respectively. One was diag-
nosed at 39 weeks of pregnancy, and no rele-
vant information could be found for the other.
Most patients underwent surgery during preg-
nancy, including bilateral salpingo-oophorec-
tomy (BSO; 16.0%), unilateral salpingo-
oophorectomy (USO; 78.0%) and ovarian cys-
tectomy (OCE; 2.0%). Two patients did not
undergo surgery, and such data were missing in
five cases. It is not known whether there were
alternative therapies after the operation. The
response to chemotherapy is the change in
tumor markers in serum, including cancer
antigen 125 (CA-125), CA-199, alpha-fetopro-
tein (AFP), lactate dehydrogenase (LDH), and
human epididymis protein 4 (HE4). In this
study, these biomarkers decreased significantly
in 20 cases.

Patient Delivery

Data on mode of delivery and gestational age
were available for 45 and 50 cases, respectively.
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Thirty-three women (73.33%) underwent
cesarean section, of which 28 were planned. Of
the 12 women with vaginal delivery, six were
spontaneous. The mean GA at delivery was
32.75 weeks (SD 10.78, range 28–41).

Further Patient Treatment After Delivery
and Maternal Outcomes

Information regarding further postpartum
treatment was available in 43 cases. In 20
women, parturition and surgery were performed
at the same time, and in nine cases surgery was
performed following delivery. Hysterectomy
was performed in 25 of 43 cases (58.14%),
bilateral salpingo-oophorectomy was performed
in two cases (4.65%), unilateral salpingo-
oophorectomy was performed in 22 cases
(51.16%), pelvic–aortic lymph node dissection
was performed in 13 cases (30.23%), and pelvic
lymph node dissection was performed in two
cases. In addition, nine patients underwent
appendectomy, and 69.77% underwent further
chemotherapy. Four patients received neither
surgery nor chemotherapy after delivery. Of the
38 patients for whom lymph node status was
available, six showed evidence of positive
lymph nodes. Among the available data, there
were five cases of recurrence, and no evidence of
recurrence was reported in the remaining
patients. Unfortunately, one patient died

29 months after diagnosis. Twenty-eight cases
reported no gross residual disease at the con-
clusion of surgery.

Neonatal Outcomes

A total of 56 babies were born, including one set
of twins. Forty-nine babies were born com-
pletely healthy; the other seven neonates
showed the following conditions: ventricu-
lomegaly cerebral atrophy (1); intussusception
(1); mild glandular hypospadias (1); jaundice,
hyperbilirubinemia, Tourette’s syndrome,
dyslexia, Asperger’s syndrome, and speech delay
(1); bilateral congenital talipes equinovarus (1);
anemia, thrombocytopenia, and relative lym-
phocytosis (1); and intrauterine growth retar-
dation (1). The mean weight of newborns at
delivery was 2198.77 g (SD 1015.32, range
1070–3650 g), while no relevant data were
available for seven newborns. At the end of
follow-up (median 10 months, range 0–-
73 months), all newborns with available data
were healthy except one, who died due to
congenital abnormalities 5 days after delivery.
In the case of twins, one of the babies was born
with jaundice and hyperbilirubinemia and was
subsequently diagnosed with dyslexia, speech
retardation, Asperger’s syndrome, and Tour-
ette’s syndrome.

Fig. 2 Kaplan–Meier survival curves. a Overall survival, n = 49. b Progression-free survival, n = 46
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Fig. 3 Kaplan–Meier survival curves by FIGO stage. a Overall survival, I, n = 24; II–IV, n = 21. b Progression-free
survival, I, n = 22; II–IV, n = 20

Fig. 4 Kaplan–Meier survival curves by pathological type. a Overall survival: epithelial, n = 25; non-epithelial, n = 22.
b Progression-free survival: epithelial, n = 24; non-epithelial, n = 22

Fig. 5 Kaplan–Meier survival curves by FIGO stage. a Overall survival: platinum alone, n = 6; platinum combination,
n = 36. b Progression-free survival: platinum alone, n = 6; platinum combination, n = 34
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Survival Analysis

OS and PFS were assessed for all patients after
receiving platinum-based chemotherapy during
pregnancy. Kaplan–Meier curves for OS and PFS
are shown in Fig. 2. Of the 49 women for whom
relevant data were obtained, 47 were still alive
at the end of follow-up (median 22 months,
range 2–204 months). As a result, median OS
was not calculated because the cumulative sur-
vival rate was greater than 50% (Fig. 2a), and
the same was true for PFS (Fig. 2b). Because
various chemotherapeutic drugs, different
pathological types, and FIGO-stage diagnosis of
ovarian cancer may have an impact on OS and
PFS, subgroup analysis was further carried out
with log-rank tests for FIGO stage, pathological
type, and chemotherapy regimen. As shown in
Fig. 3, compared with an advanced stage, better
prognosis was associated with early-stage dis-
ease (OS: log-rank v2 = 4.719, P = 0.0298; PFS:
log-rank v2 = 2.052, P = 0.1520). However,
there was no significant difference between
EOC and NEOC in OS and PFS (Fig. 4, OS: log-
rank v2 = 2.195, P = 0.1385; PFS: log-rank
v2 = 1.867, P = 0.1718). Similarly, the log-rank
test failed to detect any significant difference in
OS or PFS between platinum alone and combi-
nation therapy (Fig. 5, OS: log-rank v2 = 0.1944,
P = 0.6593; PFS: log-rank v2 = 0.3693,
P = 0.5434).

DISCUSSION

Ovarian cancer ranks fifth among the most
common malignant tumors diagnosed during
pregnancy, with reported incidence varying
from 0.2 to 2% [3]. According to reported evi-
dence, ovarian cancer ranks sixth in the Asian
population [51]. Like ovarian cancer in non-
pregnant patients, gestational ovarian cancer is
diagnosed by intraoperative or postoperative
pathology [52]. Although the proper manage-
ment of ovarian cancer in pregnant women has
been established, its scientific proof is relatively
weak. For pregnant women with ovarian cancer
who choose to continue pregnancy, treatment
includes surgical staging and tumor reduction
surgery followed by chemotherapy, timely

delivery, and chemotherapy after surgery. In
order to reduce the risk of miscarriage, torsion,
rupture, and delayed diagnosis of malignant
tumors, surgery should be performed in the
second trimester of pregnancy [6]. In the pre-
sent study, fertility-sparing surgery was per-
formed during pregnancy for six cases during
the first trimester, 27 in the second trimester,
and one in the third trimester, while eight
women underwent BSO, and two underwent no
surgery.

As a pregnancy category D drug listed by the
Food and Drug Administration (FDA),
chemotherapeutic drugs have obvious risks to
the fetus. However, several studies have indi-
cated that the use of anticancer agents during
pregnancy is feasible, not only in ovarian can-
cer, but also in leukemia, lymphoma, colon
cancer, breast cancer, gastric cancer, cervical
cancer, sarcoma, and lung cancer [53–60]. In
the present study, at the end of follow-up (me-
dian 10 months, range 0–73 months), all new-
borns with available data were healthy except
one who died due to congenital abnormalities
5 days after delivery. Of the twins who were
exposed to the same chemotherapy in utero,
one developed normally and reportedly did well
in school [42].

It is well known that the main factors
affecting the prognosis of ovarian cancer are
stage and pathological type [61]. In this study,
26 women received chemotherapy in the early
stage. Compared with the advanced stage, early-
stage treatment obviously had a more favorable
prognosis. With regard to the type of ovarian
cancer, EOC represents the vast majority of
cases in comparison with NEOC [62]. In addi-
tion, NEOC, especially malignant germ cell
tumors, is more sensitive to chemotherapy [63].
However, prognostic analysis based on patho-
logical type in this study showed that there was
no significant difference between EOC and
NEOC, and no significant differences in OS and
PFS were observed based on log-rank tests in
these two stratified analyses. This result may be
due to the small number of studies. Therefore,
additional studies with larger samples is rec-
ommended in the future. In addition to focus-
ing on the effects of drugs on developing fetuses
and the long-term effects of intrauterine
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exposure on offspring, we also need to pay more
attention to the health of pregnant women,
including OS and PFS.

Through a retrospective study over 35 years,
we found that 55 cases of ovarian cancer diag-
nosed during pregnancy were treated with
platinum-based chemotherapy, and five cases
[64–68] were treated with another chemother-
apy regimen. With the exception of one patient
who received chemotherapy at 8 weeks, all
patients began treatment in the second or third
trimester of pregnancy. Like non-pregnant
patients, various chemotherapy-induced
adverse effects were observed in pregnant
women, including nausea, vomiting, anemia,
dyspnea, ventricular tachycardia, and fatigue.
Pregnancy complications including fetal ven-
triculomegaly, intrauterine growth restriction,
and fetal bilateral ventriculomegaly were noted.
Analysis of prognosis on the basis of
chemotherapy regimen revealed no significant
difference between platinum alone and plat-
inum combination. Because the cumulative
survival rate was greater than 50%, the median
OS and PFS were not reached. These results
indicate that platinum-based chemotherapy
may be a safe approach in most cases of ovarian
cancer in the second and third trimesters of
pregnancy.

Most individual studies did not provide
detailed data relating to each woman’s survival
or other basic characteristics (such as the
pathological type of cancer or GA at diagnosis
and delivery). In addition, the long-term out-
comes for these infants are unknown, and the
median follow-up time was short. As a result,
neither descriptive statistics nor survival analy-
sis could be performed on the included cases,
which reduces the reliability of this meta-anal-
ysis. Nevertheless, the strength of our study is
that the analysis included the largest sample
size ever used to assess pregnancy outcomes for
ovarian cancer. Therefore, it is strongly recom-
mended that larger population-based studies be
conducted in the future. In short, platinum-
based chemotherapy may be a good choice for
pregnant women with ovarian cancer who want
to continue their pregnancy.

CONCLUSION

Taken together, our results suggest that plat-
inum-based chemotherapy may be an appro-
priate therapy for pregnant women with
ovarian cancer in the second and third trime-
sters. Tumor stage, lymph node metastasis,
gestational age, general condition, fetal matu-
rity, and other factors should be considered in
the treatment. Currently, there is no standard
treatment for gestational ovarian cancer. Most
of the treatments are available for non-gesta-
tional ovarian cancer. However, the efficacy and
effects of related treatment on the prognosis of
pregnant women and fetuses are also contro-
versial, and there is no unified conclusion at
present. Therefore, there is an urgent need for
reliable data from studies with large samples
and long-term follow-up to guide clinical
treatment to maximize maternal and fetal
outcomes.
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