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Abstract: Background: to prove the effectivity of fertility-sparing procedures in early-stage ovarian
cancer by assessing pregnancy rates and obstetrical outcomes. Methods: we performed a retrospective
multicenter study among 55 Spanish hospitals, collecting patients from 18 to 40 years old with
diagnosis of early-stage ovarian cancer, epithelial (EOC) or non-epithelial (non-EOC), from January
2010 to December 2019. Data on the use of assisted reproductive techniques, pregnancy attempts and
obstetrical outcomes were collected. Results: a total of 150 patients met inclusion criteria, 70 (46.6%)
EOC and 80 (53.4%) non-EOC. Pregnancy attempts were reported in 51 (34%) patients, with 42 (28%)
patients carrying the pregnancy to term. Among them, 30 (71.4%) underwent surgery alone and
12 (28.6%) had additional postoperative chemotherapy. A total of 32 (76.1% patients) had spontaneous
pregnancies and 10 (23.9%) required in vitro fertilization. There was only one (2.4%) complication
reported. Vaginal delivery was reported in twenty-nine (69%) patients and cesarean section in five
(11.9%) patients. Conclusions: fertility-sparing management for ovarian cancer seems to be an option
with proven good pregnancy rates and low complications. The selection of patients must consider
strict criteria in order to maintain a good prognosis.

Keywords: ovarian cancer; fertility; pregnancy

1. Introduction

As with many other tumors, ovarian cancer is more frequently diagnosed in post-
menopausal women, although up to 10% of cases are reported in patients under 50 years
old [1]. Depending on histology, it is divided into two main subgroups which are epithelial
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ovarian cancer (EOC) and non-epithelial ovarian cancer (non-EOC); the frequency of
each subtype is influenced by age at diagnosis [2]. EOC cases represent around 90% of
the total amount of ovarian malignant tumors and are more frequent in older patients,
while younger patients have more frequently non-EOC and early-stage tumors [3,4]. Non-
EOC cases are usually less aggressive tumors that confer excellent overall survival [5,6].
When an ovarian mass is evidenced, the degree of suspicion is important to establish
appropriate management; however, histological analysis is mandatory to confirm the
diagnosis of cancer.

Treatment for ovarian cancer is usually multidisciplinary, including surgery and
chemotherapy, and it is the cause of premature menopause and loss of fertility in young
patients. In general, young patients with ovarian cancer have higher overall survival rates
than old patients, since their tumors tend to be less aggressive, are more often presented
in the early stage and the surgical treatment is not limited by the patient’s morbidities [7].
Moreover, social changes have led to a delay on childbearing, so it is important to consider
that many young patients might not have fulfilled their maternity wishes prior to cancer
diagnosis and will therefore demand fertility preservation whenever possible [8]. These
changes have encouraged oncology specialists to develop conservative procedures for
ovarian cancer treatment, which may allow a pregnancy [9]. Conservative treatments are
also based on surgery and chemotherapy, and they have to offer similar relapse rates and
overall survival than standard procedures; their safety is proven when the selection of
patients is adequate [10]. Fertility-sparing surgery (FSS) has become the standard procedure
for young patients with non-EOC, since the tumors are usually unilateral and, even in
advanced stages, their response to chemotherapy is high, so they can be amenable to
neoadjuvant chemotherapy followed by FSS [11]. On the contrary, management of EOC is
challenging, since the tumors are aggressive with high rates of recurrence, so the use of
conservative procedures must be after adequate selection of patients.

The role of surgery on fertility preservation is clear, since it is compulsory to maintain
the uterine body and, in most cases, at least part of the contralateral ovary to keep the
possibility for pregnancy. The role of chemotherapy alone is less clear, since most studies
that show the influence of chemotherapy combined with radiotherapy are heterogeneous
studies, including male and female patients, a wide variety of tumors and a wide age range,
from childhood to fertile age [12,13]. Data on only gynecological cancer patients, such as
ovarian cancer, are very limited; there is also scarce information about the factors that could
affect the pregnancy achievement. Ovarian damage due to chemotherapy seems to be
agent, dose and age dependent [14,15]. Considering agents, alkylating agents have the most
detrimental effects on the ovary; platinum agents are considered alkylating-like agents
and present moderate induced ovarian damage [16,17]. Cisplatin reduces follicle counts,
estradiol and antimüllerian hormone (AMH) productions [18]. Paclitaxel damages mature
oocytes, with transitory reduction of reproductive potential [19]. Doses have shown a
deleterious effect on fertility, showing that the more cycles of chemotherapy, the more delay
on pregnancy and need for reproductive assisted techniques [20]. Non-alkylating and non-
gonadotoxic agents only affect fertility if given in very high doses [21]. Age and previous
ovarian reserve also play a role in the degree of gonadotoxicity due to chemotherapy, and
patients younger than 30 years old recover normal AMH concentrations faster and more
frequently than older patients, and also have increased oocyte quality [22–24].

Nonetheless, the performance of conservative procedures for ovarian cancer does not
guarantee pregnancy; furthermore, cancer survivors that underwent FSS have shown lower
pregnancy rates than controls [25,26]. After completion of treatment, attempt of pregnancy
must not be immediate since ovaries are the most sensitive organ to chemotherapy in the
female reproductive system, and deleterious effects on cells may last [27].

Our aim was to analyze the implications and real morbidities of fertility-sparing treat-
ment for ovarian cancer, including rates of pregnancy, proportion of spontaneous pregnan-
cies and obstetrical outcomes, in order to identify risk factors for poor pregnancy outcomes.
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2. Materials and Methods

We carried out a multicenter retrospective national study including young patients
that underwent conservative treatment after diagnosis of ovarian cancer from January 2010
until December 2019. Fifty-five institutions collected patients after approval of their local
ethical committee. The inclusion criteria included the following: patient’s age from 18 to
40 years old, histological diagnosis of malignancy, any histological type, early-stage of the
disease (FIGO stages I or II) and performance of fertility-sparing procedures. Exclusion
criteria were the following: non-invasive tumors, patients outside the age range, stages III
or IV, or performance of standard staging surgery. All patients that met inclusion criteria
for conservative management and wished to undergo fertility-sparing treatment were
informed of the potential risks of this management, besides the possibility of choosing
radical surgery as standard of care, with the subsequent loss of fertility. All patients signed
an informed consent before surgery.

The surgical route included laparotomy, laparoscopy, or robotics. The selection of
the surgical approach was based on patient characteristics and surgical team experience.
Extension of surgical procedures was different depending on tumor histology. FSS for
EOC was a standard procedure and consisted of unilateral adnexectomy, bilateral pelvic
lymphadenectomy, para-aortic lymphadenectomy, omentectomy, peritoneal cytology and
peritoneal biopsies. Non-EOC surgical treatment was more heterogeneous between insti-
tutions, but avoidance of pelvic and para-aortic lymphadenectomy was permitted if the
absence of enlarged nodes was assessed; it was also compulsory to assure access to post-
operative chemotherapy if needed. The minimal treatment considered in these cases was
unilateral salpingo-oophorectomy or cystectomy with inspection of the abdominopelvic
cavity, depending on the decision of each hospital´s tumor board. The uterine body was
preserved in all cases. Chemotherapy was administered postoperatively depending on the
local protocols and based on published guidelines. The standard chemotherapy regimens
used included cisplatin and paclitaxel for EOC, and bleomycin, cisplatin and etoposide for
non-EOC. All patients were free of disease at the time of the pregnancy attempt.

Pregnancies were obtained either spontaneously or after assisted reproductive tech-
niques (ARTs). The need for ARTs was considered according to the individual center
protocol including patient´s age, ovarian reserve and immediacy of maternity. Gestational
control was carried out on high-risk obstetric units with concomitant follow-up for ovarian
cancer. The route of delivery was based on obstetrical characteristics only, without being
influenced by personal history of cancer nor fear of birth trauma.

Statistical analysis. Kolmogorov–Smirnov and Saphiro–Wilk tests were used to eval-
uate the normal data distribution of the collected variables. Absolute frequencies and
proportions were used as summary statistics for categorical variables, while the mean (stan-
dard deviation) or median and interquartile (IQ) range were used for continuous variables.
Bivariate analysis was performed using Fisher´s exact test for categorical variables and
the Student´s test for continuous variables between groups. The time to pregnancy was
plotted using the Nelson Aalen cumulative hazard estimates. The log-rank test was used to
assess the time-to-event differences between groups by univariate analysis. All the tests
were two-sided and alpha error was set at 5%. The analyses were performed using the
software STATA 15.1 (StataCorp LLC, College Station, TX, USA).

3. Results

A total of 150 patients were included in the study, including 70 (46.6%) with EOC
and 80 (53.4%) with non-EOC. The mean age of the patients was 28.57 years old, with a
mean tumoral size of 108.2 cm. Considering FIGO stage, 143 (95.3%) patients were stage
I, divided into 99 (66%) stage IA, 5 (3.3%) IB, 30 (20%) IC1, 6 (4%) IC2 and 3 (2%) IC3.
The remaining 7 (5%) patients were stage II, with 2 (1.3%) patients being stage IIA and
5 (3.3%) IIB. All patients underwent conservative procedures, which included surgery in
all cases, followed by adjuvant chemotherapy if recommended based on clinical guidelines.
Fertility-sparing surgery was not a standard procedure, since the extension of surgery
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was highly influenced by histology; FIGO stage and institution´s protocol also played a
role in its planification. After surgery, 51 (34%) patients required adjuvant chemotherapy,
corresponding to 19 (37.2%) patients in the EOC group and 32 (62.8%) patients in the
non-EOC group. None underwent neoadjuvant chemotherapy.

After diagnosis, patients were explained the possibility of undergoing standard treat-
ment or conservative procedures, as well as the mandatory loss of possibility of childbearing
if standard procedures were carried out. The majority of patients that underwent fertility-
sparing treatment did not have children before their cancer diagnosis; only forty-one
(27.3%) patients had, of whom 24 (58.5%) patients had just one child and the remaining
17 (41.5%) had more than one. All patients were also explained the potential diminution
of fertility due to treatment, but only 20 (13.3%) underwent oocyte preservation before
cancer treatment.

The mean follow-up time was 60.19 months, considered as months between the end of
treatment and the last medical appointment.

Finally, 51 (34%) patients of the 150 tried to conceive after fertility-sparing management.
Among patients who tried gestation, 42 (82.4%) patients obtained 51 term pregnancies. This
included thirty-three patients who had one pregnancy and nine patients who had two. The
remaining nine (17.6%) patients had unsuccessful gestation attempts, of whom four (7.8%)
had miscarriages and five (9.8%) reported cases of infertility. Only one (2%) patient had
offspring prior to their cancer diagnosis and completed maternity wishes after treatment.
Pregnancy rates seemed to be higher in the EOC group compared to the non-EOC patients,
with 25 pregnancies in the EOC group and 17 in the non-EOC group (16.6% vs. 11.3% of
the total amount of patients that preserved fertility), although no significant differences
were observed (Figure 1). The pregnancy rate was higher in patients who underwent
minimally invasive surgery compared to those who underwent laparotomy. We observed
23 pregnancies reported in patients treated with MIS vs. 19 pregnancies in patients with
laparotomy (54.8% vs. 45.2%).
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Figure 1. Pregnancies after completion of treatment, based on histology.

Considering the treatment performed among the patients who obtained term pregnan-
cies, 31 (73.8%) patients underwent only surgery and 11 (26.2%) underwent surgery and
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adjuvant chemotherapy. Adjuvant chemotherapy was more frequent in non-EOC patients
than in EOC patients, with eight patients in the non-EOC group undergoing adjuvant
chemotherapy vs. three patients with EOC.

Pregnancy rates were also influenced by FIGO stage: among the 42 patients that
obtained pregnancy, thirty (71.4%) were stage IA, one (2.4%) IB, eight (19%) IC1, one (2.4%)
IC2, one (2.4%) IC3 and one (2.4%) IIB; some patients had more than one child. Comparison
among EOC and non-EOC is shown in Table 1.

Table 1. Comparison among epithelial and non-epithelial ovarian cancer.

Epithelial Ovarian
Cancer

Non-Epithelial Ovarian
Cancer

Number of patients 70 80

Age Mean 30.3 Mean 27.2

Pregnancies prior to cancer diagnosis Mean: 0.26 Mean: 0.54

Number of pregnancies after cancer 25 (35.7%) 17 (21.25%)

Surgical approach

• Laparotomy
• Minimally invasive

36 (51.4%)
34 (48.6%)

43 (53.7%)
37 (46.3%)

Type of pregnancy

• Natural
• Assisted reproductive techniques
• Missing data

17 (68%)
7 (28%)
1 (4%)

14 (82.4%)
3 (17.6%)
0

Pregnancy complications 0 (0.0%) 1 (1.25%)

Newborn weight Mean: 3171 g Mean: 3267 g

Type of delivery

• Vaginal
• Cesarean section
• Missing data

17 (68%)
4 (16%)
4 (16%)

12 (70.5%)
1 (5.8%)
4 (23.7%)

Recurrences 5 (7.14%) 7 (8.75%)

Completion of histerectomy after
pregnancy attempt 9 (12.8%) 4 (5%)

The only complication reported during pregnancy was gestational diabetes and the
pregnancy reached the term. Vaginal delivery was the most frequent route of delivery
and the percentage of cesarean section was not higher than in routine obstetric practice.
Concerning recurrences, twelve (8%) patients presented a recurrence after FSS for ovarian
cancer; only one (0.66%) presented a relapse after pregnancy, which was a non-EOC FIGO
stage IC3 case. The patient had an abdominal recurrence 76 months after cancer diagnosis,
which was treated with surgery and chemotherapy with complete response, and she was
free of disease at the point of data collection, 123 months after initial diagnosis.

4. Discussion

Fertility-sparing management has been developed as a novel option for ovarian cancer
treatment in young patients, allowing the accomplishment of maternity wishes in patients
that, otherwise, would have undergone radical surgery with the subsequent loss of that
possibility. Conservative procedures, such as unilateral salphingo-oophorectomy in early
stages, have shown good pregnancy rates and low pregnancy complications. In our study,
42 patients achieved at least one term pregnancy, representing 28% of successful pregnancies
among all patients who underwent FSS. However, attempt of pregnancy was reported
in only 51 of our patients, so the actual fertility rate was 82.3%. Pregnancy rates were
influenced by multiple factors such as histology, FIGO stage and age at diagnosis (Figure 2).
Patients with EOC had higher pregnancy rates than patients with non- EOC. Considering
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FIGO stage, patients with stages IA, IB and IC1 also had more pregnancies than patients
with stages IC2 and IC3. In addition, gestations were more frequent in patients from 31 to
40 years old, followed by those from 21 to 30 years old.
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Figure 2. Pregnancy rates based on patients’ histology, age and FIGO stage.

There are many considerations that may explain the influence of these factors on the
number of pregnancies reported. Histology has a great impact on fertility rates, but it is
probably highly influenced by patients’ age and the special features of non-EOC regarding
treatment. In our series, of the 42 term pregnancies reported, 25 were in patients with
EOC and 17 were in patients with non-EOC (59.5% vs. 40.5%, respectively). Patients
diagnosed with EOC were elder than patients with non-EOC, and their maternity wishes
were probably more immediate. Also, patients in the EOC group were more often offered
a completion of treatment with hysterectomy, so they had to advance their search for
pregnancy in order to undergo complete surgery as soon as possible. FIGO stage also plays
a role in achievement of gestation. Stage I tumors can be subdivided into low-risk and
high-risk, considering low-risk patients those with stage IA, IB or IC1 and high-risk patients
those with stage IC2 and IC3. We report thirty-nine (92.9%) patients with pregnancies
in stages IA, IB and IC1; on the other hand, only three (7.1%) patients got pregnant with
stages IC2, IC3 and II, showing the influence of prognosis according to risk of recurrence
in the search for motherhood. In addition, since even in young ages an advanced stage is
very common, and fertility preservation is not indicated for stage III disease, this option
of fertility preservation in ovarian cancer has a limited role for selected patients. The
number and attempt of pregnancies in the low-risk patients’ group was much higher than
in the high-risk patients group. When EOC is low risk and confined to the ovary, FSS
can be offered with similar recurrence rates (RRs) and overall survival (OS) than standard
staging surgery (SSS) [28]. Published data also support feasibility of FSS in early-stage
high-risk cases, since; although recurrences and deaths are more frequent than in low-risk
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cases, prognosis is similar comparing SSS and FSS [29]. Considering FIGO stage and its
subdivision among risks for recurrence, there were more pregnancies reported on low-risk
patients. This is probably influenced by the patient’s self-awareness of their prognosis and
risk for recurrence, so patients in the high- risk group are less willing to assume a recurrence
if they have offspring in their care. They might also be more afraid of an increased risk
of relapse due to the influence of a pregnancy, and would therefore avoid it. Finally, age
at ovarian cancer diagnosis also influenced pregnancy rates. Patients from 31 to 40 years
old had the highest rate of gestations with 25 (59.5%) patients with reported pregnancies.
Sixteen (38%) patients aged from 21 to 30 years old had pregnancies and one (2.5%) patient
was under 20 years old. The current propensity of having children at later ages seems
multifactorial, influenced by social and economic factors but also by psychological reasons.
Elder patients are more aware of the passage of time and the biological decrease in their
fertility, and might also have had maternity wishes prior to cancer diagnosis, so, when
allowed, they tend to accelerate the search for pregnancy.

It is remarkable that, although the objective of treatment was the preservation of the
possibility of having children, cancer survivors have fewer pregnancy attempts reported
than patients of the same age group that have not been diagnosed with cancer [30,31].
The diminished rate of pregnancy of cancer survivors does not seem to be only caused by
diminished fertility, but of multifactorial causes, and it is difficult to know if it is due to
radiotherapy, chemotherapy, both or none of them [32,33]. Psychological reasons, such
as concerns about increasing complications during pregnancy, hereditary diseases for
the offspring or worse self-cancer prognosis among patients achieving pregnancy also
play a role in reduced fertility. Studies showed that only 60% of patients have reported
pregnancy attempts after conservative treatment, or even lower rates; in our study only
51 of 150 patients had reported pregnancy attempts (34%) [34,35]. Those rates are more
diminished in patients with high-risk tumors compared to low-risk tumors and patients
who had children before their cancer diagnosis [36].

Pregnancy outcomes have not been influenced either by type of conservative surgery
or need for adjuvant chemotherapy. Miscarriages were reported in four (7.8%) cases,
which is lower than usual. Route of delivery was determined by obstetrical factors only,
with no higher percentage of cesarean section than in routine obstetric practice. As for
pregnancy complications, only one case of gestational diabetes was described, which is a
frequent complication in standard pregnancies, without higher rates described in cancer
survivors in our study. Published data considering implications of cancer treatments in
pregnancy complications are heterogeneous. Cancer survivors have increased rates of
endocrine, cardiac or pulmonary disorders, due to treatment but also to increased age;
those disorders are probably related to increased morbidities in pregnancy [37]. Women
who attempt pregnancy after cancer have higher risk of gestational morbidities such as
abortion, preeclampsia, gestational diabetes and cesarean section compared with the non-
cancer group, but those factors are also strongly related to age [38,39]. Neonatal morbidities
are also increased, such as intrauterine growth restriction, low weight at birth, preterm
delivery and low Apgar score [40]. Cesarean delivery is more frequent in patients diagnosed
with cancer, although the explanation needs further investigation; it may be due to the
increase in pregnancy morbidities in those patients or to fear of birth trauma. Furthermore,
pregnancies do not impoverish patients’ self-prognosis nor have influence on recurrences.
We report 12 (8%) recurrences after fertility-sparing procedures, and only one (0.66%) was
after a term pregnancy and delivery. The patient had a complete response to treatment.
Finally, death due to ovarian cancer was reported in four patients, two with EOC and two
with non-EOC (Figure 3); none of them had pregnancies.
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There are a number of limitations in our study that need to be explained. First, the
heterogeneous collection of data meant that attempt of pregnancy was not registered in
every patient, so there are probably more patients with unsuccessful pregnancy wishes
than reported. Second, being a multicenter study, the extension of surgery and surgical
route may be different between hospitals, although it was always based on guidelines
and approved by a multidisciplinary committee. To conclude, the large number of factors
that impact the search for motherhood make it very difficult to establish which patients
really had infertility from those who, besides undergoing fertility-sparing treatment, finally
decide not to have children.

5. Conclusions

Fertility-sparing management for ovarian cancer seems to be a safe option with proven
good pregnancy rates and low complication profile. Pregnancy rates among patients
that have reported active pregnancy search are high, although many cancer survivors do
not try to get pregnant. Accomplishment of pregnancy or use of assisted reproductive
techniques does not seem to decrease the oncological safety of conservative procedures. As
for pregnancies, the rate of complications was not higher than usual in cancer survivors.
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