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Introduction

Ovarian cancer represents the eighth leading cause of death 
in women worldwide and is the second leading cause of 
death due to gynecologic cancer in developed countries. 
According to statistics from 2018, an estimated 295,444 
new cases and 187,799 deaths per year occur because of 
this disease. Incidence rates vary by region and economic 
development level; in emerging economies, the rate is 5.7 
per 100,000 women, while in developed countries, the rate 

is 7 per 100,000 women (1,2).
Ovarian cancer is histologically classified into different 

subtypes with diverse biological behaviors and prognoses. 
The most common histologic classification is ovarian cancer 
of epithelial origin (EOC), accounting for 90% of ovarian 
cancer cases (3). EOC is most commonly diagnosed after 
menopause (average age 65 years), although between 3% 
and 17% of cases are diagnosed in women younger than  
40 years (4).

In patients who have early disease confined to one or 
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both of the ovaries or cancer that has spread to the uterus, 
fallopian tubes or other sites in the pelvis, surgical staging 
is essential to confirm the clinical stage that will later guide 
adjuvant therapy (3). This review aims to summarize the 
current surgical techniques and fertility-sparing options 
for young patients with early-stage EOC and the desire to 
preserve fertility without jeopardizing the oncologic results.

Surgical assessment

Management of EOC requires adequate surgical staging. 
Each patient who undergoes a surgical approach due to 
malignant suspicion must be sufficiently informed about 
the possibility for the extension of surgical intervention if 
malignant disease is reported in the trans-surgical pathology 
study. Staging surgery is based on two points:

(I)	 To provide evidence for future adjuvant treatment 
with different treatment modalities;

(II)	 To improve the rates of survival and recurrence (5).
The mechanisms of metastasis of the disease are still 

not clear. EOC spreads through three different pathways: 
peritoneal surfaces, lymphatics, and blood. Peritoneal 
invasion from ovarian cancer is carried out by the direct 
extension of the primary tumor site towards neighboring 
organs, such as the bladder and the small intestine, or 
by the peritoneal liquid transporting malignant cells (6). 
Peritoneal metastases in clinical stages (CS) I/II have been 
reported in the literature by the identification of malignant 
cells—malignant cells were found in up to 22% of ascites or 
peritoneal washings, 9% of diaphragm biopsies and 8% of 
peritoneal biopsies (7).

It is believed that cancer cells follow the lymphatic ducts 
that accompany the ovarian artery and vein by the pelvic 
infundibular ligament towards the para-aortic lymph nodes; 
nevertheless, it is common to identify pelvic lymph node 
metastases. These cancer cells have a different dissemination 
path, likely following the parauterine vessels localized in 
the broad ligament until reaching the uterine vessels and, 
from there, towards the iliac vessels. The incidence of 
lymphatic node metastases in clinical stage I/II is 4.0% for 
well-differentiated tumors (grade 1), 16.5% for grade 2 
tumors and 20% for poorly differentiated tumors. Lymph 
node metastases are infrequent in mucinous-subtype EOC 
and, for this reason, no lymph node dissection is required 
as a part of staging in the mucinous subtype of early-stage 
disease (8). Regarding localization, in unilateral EOC, pelvic 
and contralateral para-aortic lymph nodes were positive in 
16.1% and 18.0% of cases, respectively (9).

With the standard surgical methods, the hormonal 
and reproductive functions are significantly affected in 
premenopausal patients. For this reason, less radical 
treatment options are continually being sought for this 
group of patients. The main features to define candidate 
patients for these less radical procedures are as follows:

(I)	 Patients with suspected clinical stage I disease by 
computed tomography.

(II)	 Patients younger than 40 years at diagnosis. 
(III)	 Patients wishing to preserve fertility before seeking 

surgical treatment.
If the patients meet the criteria above, it is necessary to 

inform them about the risks of fertility-sparing treatment.
Surgical treatment consists of unilateral salpingo-

oophorectomy; peritoneal assessment, including cytology 
exam of ascites or peritoneal washings, palpation, and 
systematic examination of the entire abdominal cavity; 
and pelvic and para-aortic lymphadenectomy, as well 
as omentectomy (9,10). The main differences between 
fertility-sparing surgery and routine ovarian surgery are 
compiled in Table 1 (5,10). 

The main requirement for choosing a less invasive 
treatment to preserve fertility is to have a priori a good 
disease prognosis, exceeding 95% of the 5-year survival  
rate (11). The Fertility Task Force of the European Society 
of Gynecologic Oncology only recommends fertility-sparing 
surgery for patients with early-stage EOC (except for clear 
cell carcinoma) with histological grades 1 and 2 (12).

Surgical approach

An important aspect to consider is the surgical approach, 
either laparotomy or laparoscopy. For a surgeon to decide 
which is the better approach, it is crucial to be aware of the 
evidence of specific complications. Laparotomy decreases 
the incidence of tumor breaks and leaks during surgery (88% 
laparoscopy vs. 9% laparotomy), especially in tumors larger 
than 10 cm. The risk of this complication by laparoscopy 
treatment decreases with the use of a protective bag (13). 
Laparoscopy results in fewer peritoneal adherences than 
laparotomy, an essential issue that affects the probability of 
a successful pregnancy. Most of the information about these 
two types of surgical management comes from small case 
series of single institutions; there is only one multicentric 
study about the comparison of laparoscopy and laparotomy, 
which was published by Ghezzi et al. The study recruited 
65 patients who underwent fertility-sparing and staging 
surgery by laparoscopy. They reported similar outcomes in 
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terms of disease-free survival and overall survival, definitive 
results were not obtained with respect to the fertility rate, 
and more studies are necessary to clarify this point (14,15).

The risk of recurrence is low, 8% and 10% in clinical 
stage IA and IC, respectively. It has been suggested to 
complete the surgery after patients have achieved their 
fertility goals (16,17).

The National Comprehensive Cancer Network (NCCN) 
guidelines support fertility-sparing surgery performed by a 
gynecologic-oncologist only for clinical stage IA based on 
scientific evidence of effective oncological results. In young 
early-stage EOC patients, endocrine function preservation can 
be more important than reproductive function preservation; 
therefore, adequate counseling and the delay of definitive 
surgical management with close follow-up are recommended. 
Genetic risk assessment and counseling should also be 
implemented to identify carriers of the BRCA mutation or 
other hereditary cancer genes related to EOC (10).

Fertility-sparing indications (10,12,18,19)

	 Unilateral ovarian tumor.
	 Histology grades 1 or 2.
	 FIGO clinical stage IA and IC of mucinous, serous, 

endometrioid, or mixed histological types of tumors. 
	 Women younger than 40 years of age.
	 An expert multidisciplinary care team composed 

of gynecologic oncologists, oncology pathologists, 
reproductive biology experts and genetic counselors is 

required for treatment.

Clinical stage IC

Before the current FIGO classification was published 
in 2018, patients in clinical stage IC were grouped by 
several features that impact survival rates (13,17). In 2014, 
Kajiyama et al. published a multicenter study that included 
94 patients with clinical stage I disease who were treated 
with fertility-sparing surgery to identify prognostic factors 
associated with recurrence. They reported that there were 
a total of 14 recurrences (14.9%) and that 11 patients died 
because of disease recurrence. The 5-year disease-free 
survival rate was 84.3%. The patients with clinical stage 
IC were independently assessed; the study did not report 
a significant difference in disease-free survival between 
women with IA and IC grade 1 disease, with P=0.8658 
(mucinous vs. clear cells) and P=0.0951 (mucinous vs. 
others). Patients with clinical stage IC and histology grades 
2 and 3 had a recurrence of the disease of 100% in clear cell 
tumors, 10% in mucinous tumors, and 37.5% in tumors 
of any other histological types. Patients with grade 2 and 3 
tumors showed a worse prognosis than patients with grade 
1 tumors (P=0.0004) (20).

Bilateral tumors (clinical stage II)

For women with bilateral borderline ovarian tumors, 
unilateral oophorectomy and contralateral cystectomy have 

Table 1 Comparison of cytoreductive and fertility-sparing surgical procedures

Surgical staging procedure
Cytoreductive ovarian  

surgery
Fertility-sparing  

surgery

Surgeon: Gynecologic Oncologist (Category 1) √ √

Vertical midline abdominal incision or minimally invasive technique √ √

Peritoneal cytology √ √

Visualization of all peritoneal surfaces with excision or biopsy of any suspicious  
peritoneal surfaces or adhesions

√ √

Biopsies of the peritoneal paracolic gutters and undersurfaces of the diaphragm √ √

Hysterectomy √

Unilateral salpingo-oophorectomy -- √

Bilateral salpingo-oophorectomy √ --

Omentectomy √ √

Pelvic and para-aortic lymph node dissection √ √
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been the customary surgical approaches in women with 
the desire to preserve fertility. In 2006, Yokoyama et al.  
evaluated ultraconservative management with bilateral 
cystectomy in patients with borderline tumors and observed 
better fertility results (n=32). At the follow-up at 81 months, 
no significant differences in the rates of recurrence were 
observed between the patients who had ultraconservative 
management and patients who underwent unilateral 
oophorectomy combined with contralateral cystectomy 
(60% vs. 59%). Recurrence in the conservatively managed 
group occurred earlier than in the bilateral cystectomy 
group (16 vs. 48 months), and multiple recurrences were 
more probable in the conservatively managed group (23% 
vs. 0%). There were no cases of invasive cancer recurrences. 
Fertility results were better after bilateral cystectomy than 
after unilateral oophorectomy and contralateral cystectomy 
(pregnancy rate: 93% vs. 53%) (21). Current evidence is 
limited in fertility-sparing EOC clinical stage II, given 
the bilateral ovary involvement and the surgical treatment 
required for appropriate staging (22).

Histology

Histological grade 3 (G3)

In 2016, Ghezzi et al. published one of the most extensive 
retrospective series of EOC, including 1,189 patients with 
early clinical stage disease and 432 women who were treated 
conservatively; clinical stage IC and histological G3 were the 
only independent predictors of survival (14). Fruscio et al.,  
in a retrospective study, found a higher distal recurrence 
rate in patients with histological grade 3 (HR: 4.2, 95% 
CI: 1.5–11.7, P=0.0067; OS: HR: 7.6, 95% CI: 2.0–29.3, 
P=0.0032) (22).

Clear cells

The clear cell subtype of EOC has been associated with 
a worse prognosis due to its relative resistance towards 
first-line platinum-based treatment. In 2008, Kajiyama 
et al. compared two groups of patients with clear cell 
carcinoma in clinical stage I; sixteen patients were treated 
with fertility-sparing staging surgery and 205 were treated 
with radical surgery. The overall survival and the disease-
free survival rates were not significantly different between 
the two groups. Patients with clear cell carcinoma who 
underwent fertility-sparing surgery showed neither 
overall survival nor disease-free survival differences 

compared with other  his tologica l  subtypes  (23) .  
Despite the small number of patients included, the 
authors suggested that fertility-sparing treatment could 
be used for clear cell tumors. In 2017, a retrospective 
study was published by Nasioudis et al. based on the 
statistics of the Surveillance, Epidemiology, and End 
Results Program (SEER) to investigate the oncological 
outcomes of uterine and ovarian preservation in clinical 
stages IA and IC in premenopausal women with clear cell 
carcinoma. A total of 741 premenopausal women were 
identified that fulfilled the inclusion criteria. According 
to the available information, the uterine preservation rate 
was 14.5% (96/663), while the ovarian preservation rate 
was 28.1% (71/253). The 5-year overall survival rate was 
90.8% for women who did not undergo hysterectomy 
in comparison with 87.7% for those who underwent 
hysterectomy (P=0.290). Likewise, the 5-year overall 
survival rates in the ovarian preservation and bilateral 
oophorectomy groups were 92.6% and 85%, respectively 
(P=0.060). After adjusting the analysis for the clinical 
stage of the disease (IA vs. IC), uterine and ovarian 
preservation were not associated with reduced general or 
specific cancer-associated mortality (24). Yoshihara et al.,  
in 2019, evaluated prognostic factors in 103 women with 
stage I clear cell carcinoma and performed fertility-
sparing procedures in 21 of the patients; the authors 
found that clinical stages IC2 and IC3 were the only 
independent prognostic factors associated with tumor 
recurrence, with no differences in recurrence or survival 
between women treated with radical surgery or fertility-
sparing procedures (25).

Borderline tumors

Borderline tumors represent 14.15% of all primary ovarian 
tumors. The two most common histological types are serous 
and mucinous. Approximately one-third of borderline 
neoplasms occur in women under 40 years of age who 
have not completed their desire for fertility. This group of 
patients is more likely to have a good prognosis (clinical 
stage I patients have a 5-year survival rate of 99%). The 
risk of recurrence after fertility-sparing surgery is 7–30% 
(26,27).

A systematic review of more than 120 retrospective 
studies reported the efficacy of conservative treatment in 
borderline tumors (28).

Women with borderline tumors in clinical stage I can be 
treated with cystectomy or unilateral oophorectomy with 
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recurrence rates of 13% in a 3–6-year follow-up, a risk of 
1.6% for invasive disease, a mortality of 0.5% and disease-
free survival at 70 months of approximately 89% (26).  
Delle Marchette et al., in 2018, reported a recurrence rate 
of 33.5% after a follow-up of 13.5 years and attributed 
this high rate of recurrence to the long follow-up, and the 
most important results were those related to the pregnancy 
rate of 82.5% (29). The diagnosis of borderline tumors 
can be incidental during surgical intervention for benign 
ovarian tumors, and experience and training in gynecologic-
oncology is required for staging during the surgical 
treatment. Reproductive results are higher in borderline 
tumors than in early-stage EOC; Chevrot et al. and Plett 
et al. reported pregnancy rates of 62% in patients with 
borderline tumors and 85% in patients with early-stage 
EOC, respectively (30,31).

Fertility preservation methods

The cryopreservation of oocytes can be an option in women 
under 40 years old with a BRCA mutation or other high-risk 
hereditary genes related to ovarian cancer such as RAD51C. 
The cryopreservation of ovarian tissue is not recommended 
in patients with EOC treated conservatively due to the 
increased risk of malignant transformation (27,32).

Oncological outcomes

In a systematic review that included 1,150 women with 
EOC who were treated with conservative surgery, 139 
(12%) had recurrence, with 124 cases of stage I disease, 14 
cases of stage II disease, and 1 case of stage III disease (33). 
According to a study of the National Cancer Database of 
the United States of America (NCDB) by Melamed et al., 
there was no difference related to the risk of death between 
standard surgery and fertility-sparing treatment (34). In 
2020, Crafton et al. conducted a retrospective cohort study 
from two data sources (SEER/NCDB) of 9,017 women 
and reported similar findings as Melamed. They concluded 
that fertility-sparing surgery appeared to be safe for certain 
women with EOC but was related to poor survival among 
women with advanced-stage EOC (35).

In a study from Denmark and another study from the 
Netherlands that were published in 2019, 393 (31.8%) 
patients from a series of 1,234 women with EOC clinical 
stage I were over-staged and had more extensive surgical 
treatment. Of the above patients, the microscopic malignant 
spread to both ovaries was just 0.8%, to the ovary surface 

was 5.8% and in the peritoneal washing was 10% (36).

Contralateral ovary recurrence

The scientific evidence is limited about recurrence in the 
contralateral ovary, given that only the survival rate can 
be compared between fertility preservation treatment and 
radical treatment in a case series. In general, for a stage 
IA EOC, the recurrence risk on the remaining ovary is 
6% to 13% (37). Some studies have demonstrated that in 
a contralateral ovary without evidence of a macroscopic 
tumor, the risk of microscopic disease is 0 to 2.5% (38,39).

A review of seven articles focusing on patterns of 
recurrence showed that the disease-free survival rate after 
chemotherapy treatment was 82.1% (23/28) for patients 
with recurrence on the contralateral ovary vs. 19.2% (10/52) 
for patients with other recurrence patterns (18). Other 
studies have also found that patients with only contralateral 
ovary recurrence have better outcomes than patients with 
recurrence in other places. The pattern of recurrence is an 
essential factor that should be taken into account during the 
selection of patients for conservative treatment. Recurrences 
after a fertility-sparing treatment in EOC are reported in an 
extensive range (5–29%) depending on the published series, 
with 5-year overall survival rates of 94% (4,13,14,16-18).

The prognosis of patients who had a recurrence of 
disease after fertility-preserving surgery in EOC is the same 
as for patients with recurrence after receiving a standard 
treatment, especially in cases of recurrent distant metastatic 
disease. A study published by du Bois et al. included 913 
patients and found that 11.3% of patients had recurrences 
in a follow-up of 6 years: recurrence in EOC clinical stage 
IB/IC was almost double than recurrence in clinical stage 
IA (OR: 1.72, 95% CI: 1.12–2.64, P<0.05), and the risk of 
recurrence was four times higher in grade 2–3 than in grade 
1 (OR: 4.26, 95% CI: 2.31–7.86, P<0.0001). Statistical 
differences were not observed between recurrences in 
clinical stage IC grade 1 and IA grade 1 (40).

Reproductive outcomes

Currently, there is evidence about the oncologic outcomes 
of fertility-sparing treatments and radical treatments in 
the early stages of EOC showing overall survival rates 
greater than 90% and disease-free survival rates from 70 
to 88%. In terms of reproductive outcomes, information 
in the literature is scarce, with fertility rates reported to 
be 56% in early-stage EOC and 82.5% in borderline 
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tumors (18,20,33,40,41). A summarize of oncologic and 
reproductive outcomes are described in Table 2.

Other fertility conservation methods 

There are several fertility preservation options. In the case 
of a patient who requires oncological treatment (radical 
surgery or chemotherapy), the following can be considered:
	 Embryonic cryopreservation is an alternative 

procedure in cases where there is no therapeutic 

urgency, given the time required for the procedure. 
It is not recommended to stimulate the ovaries or 
to perform this procedure after chemotherapy due 
to inadequate ovarian function responses (50).

	 Oocyte cryopreservation is a suitable option for 
patients with EOC clinical stage IA treated with 
unilateral oophorectomy. Oocyte cryopreservation 
followed by heterotopic implantation or orthotopic 
implantation is a technique that can be offered to 
patients who have not reached puberty or who are 

Table 2 Oncologic and reproductive outcomes of fertility-sparing surgery in EOC

Authors, year Patients
Median age 

(years)
Stage

Median follow-up 
(month)

No.  
recurrence

No. pregnancy 
outcomes

5 years 
DFS 

Satoh et al. 2010, (17) 211 29 IA [126], IB NR, IC [85] 78 18 (8.5%) 45/84 (53%) 92.1%

Kajiyama et al. 2010, 
(42)

60 30 IA [30], IB [2], IC [29], II 
[1], III [11]

54.7 8 (13.3%) 9 (15%) 86.7%

Hu et al. 2011, (43) 94 28.3 IA [46], IB [8], IC [28] 58.7 9 (9.6%) 12 (12.7%) 83%

Cheng et al. 2012, (44) 17 28 IA [10], IB–IC [7] 61 [17–115] 1 (6%) 6 (35%) 86%

Fruscio et al. 2013, (22) 240 32 IA [130], IB [2], IC [105] 9 years  
[12–319 months]

27 (11.2%) 84 (80%),  
16 abortions;  

68 births

92%

Uzan et al. 2014, (45) 119 29 IA [79], IB [18], IC [22] 45 [12–120] 38 (32%) 33 (27%) 61–77%

Kajiyama et al. 2014, 
(20)

94 30.5 IA [43], IC [51] 66.6 14 (15%) NR 84.3%

Lee et al. 2015, (46) 35 28.6 IA [21], IC [13], IIC [1] 104 [8–231.6] 6 (17.1%) NR 91.3%

Ditto et al. 2015, (13) 70 30 IA [46], IB [2], IC [15],  
IIA [1], IIC [1], IIIC [5]

76 [39–149] NR NR 85%

Fruscio et al. 2016, (41) 242 31.3 IA [129], IB [2], IC [103] 11.9 years 12% NR 82%

Ghezzi et al. 2016, (14) 65 33 IA [42], IB [1], IC [18],  
IIB [1], IIIC [3]

38 [2–144] 10 (15.4%) 22 (60%) 84.6%

Ratanasrithong et al. 
2017, (47)

28 28 IA [48], IB [5], IC [5] 78 4 15 (51.7%) 91%

Jiang et al. 2017, (48) 52 25 IA [19], IC [33] 60 [34–209] 5 (%) 28/34 (82.4%) 91%

Delle Marchette et al. 
2019, (29)

535 borderline 29.8 IA [97], IB [6.3], IC [80], 
IIA-C [27], IIIA-C-IV [32]

13.5 years 228 (33.5%) 199/211 (82.5%) NR

Yin et al. 2019, (49) 40 28 IA [11], IC [27], IIB [1], 
IIIA [1]

54 4 (10%) Total: 8 (61.5%),  
3 miscarriages,  

5 births

87.5%

Chevrot et al. 2020, (30) 125 borderline 30 IA [47], IB-IC [78] 57 [2–281] 20 (16%) 33/52 (63%) 87.6%

Plett et al. 2020, (31) 95 borderline 30 I [77], II [6], III [12] 64 13 (13.7%) 82.9% NR

NR, data not reported; DFS, disease-free survival.
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adolescents. The preservation of ovarian tissue 
is not an option in women with EOC or patients 
with a high risk of developing BRCA1 and BRCA2-
related cancer (50).

It is still not known whether ovarian stimulation increases 
the risk of EOC relapse; therefore, it is recommended 
to restrict the number of cycles (32). The first line of 
chemotherapy includes taxanes and platinum-based 
treatment. The American Society of Clinical Oncology 
Practice Guideline Committee determined that women 
treated with a higher dosage (>5 g/m2) of chemotherapeutics 
have a higher risk (more than 70%) of developing ovarian 
reserve damage. The alkylating agents produce damage 
to the oocytes through single-chain DNA ruptures and 
are directed towards cells in every cell cycle stage, mainly 
affecting primordial follicles (51).

Currently, GnRH antagonists and agonists are used to 
avoid premature ovarian failure during chemotherapy. The 
most significant evidence published is in patients with breast 
cancer who had higher pregnancy rates after treatment. 
Oocyte cryopreservation could be an option for women 
under 40 years of age who are carriers of a pathologic 
mutation in hereditary high-risk genes, such as BRCA1, and 
will undergo risk reduction oophorectomy (27,52,53).

Follow-up

After fertility-sparing surgical treatment in EOC, intensive 
follow-up by a gynecologist-oncologist is essential. The 
follow-up involves a physical examination and serum tumor 
marker, such as Ca-125 and HE-4, evaluation every four 
months for two years and then every 6 months until 5 years. 
Given the age at presentation, every young patient with 
EOC should be assessed for hereditary high-risk genes 
related to ovarian cancer, including BRCA1 and BRCA2. 
It is recommended that complete surgery (hysterectomy 
and bilateral salpingo-oophorectomy) in BRCA carriers be 
performed when the patient no longer has reproductive 
desire or in women older than 40 years. Some publications 
disagree with this suggestion, given the low incidence of 
recurrence (10,20,54).

Recommendations

(I)	 Health care providers should discuss fertility-sparing 
treatment for every woman under 40 years with 
adnexal tumors and a high suspicion of malignancy 
(4,12,18,19,33).

(II)	 Complete staging and strict follow-up by oncological 
experts (surgeons and pathologists) are mandatory 
because the stage and histologic characteristics of the 
tumor are crucial to patient selection for fertility-
sparing treatment (10,19,33).

(III)	 Conservative treatment can be performed for 
stage IA and IC grade 1 and 2 diseases and stage 
IC1 according to the new FIGO staging system 
(10,19,33,35). 

(IV)	 Fertility-sparing therapy could likely be considered 
for stage I clear-cell tumors but should remain 
contraindicated for stage IC2/C3 (because of high 
risk  of recurrence) (25).

(V)	 Ovarian cryopreservation is a safe method, and it 
could be used in patients with borderline tumors or 
clinical stage IA disease (32).

(VI)	 Young women with early-stage EOC must be 
considered for ovarian-preserving surgery to 
maintain ovarian function and fertility and to 
improve quality of life (11,12,19).

(VII)	 An ovarian function-preservation technique with 
conservative surgical treatment should be offered 
based on the current literature. Early-stage EOC 
in young women is infrequent; on the other hand, 
it is becoming more frequent for women to delay 
childbearing, and it is necessary to obtain more 
information by prospective clinical trials in this 
population to improve the fertility-sparing treatment 
options (4,12,18,27).
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