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ABSTRACT
Fertility preservation in cancer patients is currently based on either assisted reproductive technology or fertility-spar-
ing surgery. Loss of  fertility may be caused by excisional surgery associated with an adnexal or uterine pathology or 
secondary to gonadal insufficiency caused by chemotherapy or radiation. The counseling of  these patients is very 
important, being carried out jointly by the oncologist, gynecologist, and reproductive medicine specialist. Reproduc-
tive surgery usually requires avoiding laparotomy to significantly reduce the formation of  adhesions and trauma or 
tissue damage. This is done using standard laparoscopic surgery or robotic surgery (computer-assisted laparoscopy), 
a method increasingly used and accessible to all specialists who want to maintain the fertility of  their patients with 
various oncological diseases. 
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INTRODUCTION

Adolescents and young adults (AYA) with cancer are often un-
aware that their life-preserving treatments can also threaten their 
future fertility potential [1–3]. Oncofertility (OF) is a growing 
area due to the increasing number of  cancer survivors, the devel-
opment of  new oncologic therapies, the extension of  treatments' 
duration, and the development and refinement of  reproductive 
treatments [4]. The decision to protect fertility from the dam-
aging effects of  treatments, like radiation and chemotherapy, is 
complicated by the patient’s age, marital status, whether they can 
delay treatment, and, sometimes, the uncertainty of  survival [5].

In women, chemotherapy is associated with a decrease in an-
ti-Müllerian hormone (AMH) levels and an increase in folli-
cle-stimulating hormone (FSH) levels, indicating a decline in ovar-
ian reserve and potential impairment of  fertility [6, 7]. Decreased 
estrogen levels leading to symptoms of  menopause (such as hot 
flashes, vaginal dryness, or mood swings) are also frequent [8]. Bi-
ological markers serve not only as valuable tools for assessing in-
fertility but also for investigating the recovery of  ovarian function. 

Kim et al. concluded that post-chemotherapy AMH levels could be 
a relatively accurate predictor of  ovarian function recovery, as indi-
cated by the resumption of  menstruation, in breast cancer patients 
with chemotherapy-induced amenorrhea [9].

Current studies revealed the risk-stratified priority in cancer 
patients to optimize care among various malignancies; thus, 
Smith et al. [10] on breast cancer, Wallis et al. [11] on urologic 
cancers, Sica et al. [12] and Passamonti et al. [13] on onco-hema-
tology, Martinelli et al. [14] and Colombo et al. [15] on gyneco-
logic cancers.

For patients with oncological diseases, the surgical options that 
preserve fertility are mainly addressed to four major types of  gy-
necological cancers (cervical, endometrial, ovarian, and breast). 
In recent years, some recommendations and innovative experi-
mental research have been implemented on fertility conservation 
techniques in these patients.

For early stages of  cervical cancer, cold knife tanning, loop 
electrosurgical excision procedure (LEEP), simple or radical tra-
chelectomy with a permanent strap and sentinel node mapping, 
or extra fascial hysterectomy with ovarian preservation is recom-
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mended. In advanced diseases where chemotherapy is necessary, 
preservation of  oocytes or ovarian tissue could be performed. 
Gonadotropin-releasing hormone (GnRH) agonists have also 
been used for their potential to temporarily suppress ovarian 
function during cancer treatment, thereby reducing the risk of  
ovarian damage and preserving fertility. By suppressing ovarian 
function, GnRH agonists may protect the ovaries from the toxic 
effects of  chemotherapy or radiation therapy [16]. If  radiother-
apy is needed to preserve ovarian function, ovarian transposition 
is used before starting [17].

Treatment for the early stages of  endometrial cancer requires 
hysteroscopic tumor resections and progestin therapy with man-
datory endometrial sampling every 3-6 months. If  cancer regres-
sion occurs, therapy will be stopped to allow conception; other-
wise, an ovarian preservation hysterectomy is recommended. In 
the latter case, a gestational carrier can use assisted reproduction 
technology with the patient's oocytes [18].

In the case of  ovarian cancer, conservative surgery includes 
unilateral/bilateral salpingo-oophorectomy with lymphadenec-
tomy and uterine conservation, depending on the extempora-
neous anatomopathological result. If  the situation recommends 
the use of  adjuvant chemotherapy, the potential gonadotoxicity 
could cause a degree of  ovarian failure of  3-10%. Due to the in-
creased risk, cryopreservation of  oocytes can be considered only 
in patients with unilateral damage, and in the early stages, an op-
tion may be the artificial ovary [19]. This oncological condition 
requires a lot of  additional research.

The progress of  fertility-preserving surgical techniques in gy-
necologic cancers has been associated with progression-free sur-
vival rates and overall survival compared with more radical sur-
geries and in full accordance with patients' reproductive desires 
without compromising their safety.

For female patients, embryo/oocyte cryopreservation before 
starting anticancer therapies is the first option to be discussed, 
but if  the chemotherapy is urgent, surgical ovarian tissue cryo-
preservation may be indicated. A surgical ovarian transposition 
procedure is recommended before pelvic radiotherapy; tempo-
rary ovarian suppression with luteinizing hormone-releasing 
hormone agonists during the chemotherapy is a simple at-home 
pharmacological intervention [20]. The next step in oncofertility 
options includes neoadjuvant cytoprotective pharmacotherapy, 
fractionation of  chemotherapy and radiotherapy, artificial ovary, 
testicular tissue freezing, and stem cell procedures [21].

The last few years have represented a new way of  thinking 
about fertility surgery in patients with certain types of  cancer, 
both about introducing innovative surgical techniques (radical 
trachelectomy, ovarian transposition) and some major discoveries 
such as tissue transplantation, thawed cryopreserved ovary, arti-
ficial ovary, and uterine transplant [22]. This research race on 
new fertility conservation strategies has provided several viable 
options for young cancer patients with social integration and con-
tinuous growth in quality of  life. In conclusion, this is a triumph 
of  life over the disastrous consequences of  the onset and evolu-
tion of  cancer.

MATERIAL AND METHODS

Data Search 

In the present study, we performed a narrative review with 
a search on the following topics: (1) "fertility preservation," (2) 

"oncofertility," (3) "fertility-sparing surgery," (4) "cancer patient" 
- published in peer-reviewed journals and written in English 
within a ten-year timeframe. We applied the search with filters: 
Clinical Trial (CT), Randomized Controlled Trial (RCT), and 
Clinical Case Series (CCS). The review methods of  the search 
were previously established and involved PubMed®/MEDLINE 
database scan. 

Data extraction

The following data were extracted: author (s), year, country of  
publication, the aim of  the study, study design, and main results. 
Two authors (V.N.V. and R.G.B.) extracted and analyzed the 
data. Over 100 studies were identified and screened for eligibili-
ty. According to the topic search, data extracted included demo-
graphic variables, number of  participants in the study, treatment, 
side effects profile, and associated comorbidities. Twenty-nine 
papers were included in the present study, centered on the main 
topics included in the search. The statistical analysis used Micro-
soft Excel® 2013 (Microsoft® Corporation, Redmond, WA, USA). 

RESULTS

Study selection 

Despite the plethora of  published papers featuring the key-
words "fertility preservation’’ and ‘’cancer patient" during the 
preliminary search, the PubMed® search retrieved only 2943 
all-time results, 2117 from the ten-year span between 2012 and 
April 2021, with 117 meta-analyses and systematic reviews, and 
53 randomized controlled trial and clinical trials. The combined 
search terms "fertility preservation" and "oncofertility" revealed 
337 results, with 4 CT/RCT; "fertility preservation" and "fer-
tility-sparing surgery" retrieved 2250 results with 43 CT/RCT.

The evaluation of  the last ten years refined to RCT/CT ob-
served the constant interest in young cancer patient topics and a 
scarcity of  data regarding the fertility-sparing surgery and onco-
fertility topic (Figure 1).

FERTILITY-SPARING MANAGEMENT IN CANCER 
PATIENTS 

The importance of  preserving fertility is given by the overall 
survival rate of  children treated for cancer that exceeds 80%, 
which explains the growing number of  survivors [23]. The ther-
apeutic management of  childhood cancer is multimodal and 
consists of  various combinations (surgery, chemotherapy, and ra-
diation therapy). These young patients and their families should 
be informed about fertility preservation options, such as oocytes 
or ovarian tissue cryopreservation, in relation to the impact of  
chemotherapy on gonadal function [24]. Young women diag-
nosed with cancer, at risk for premature ovarian insufficiency, can 
choose fertility-sparing surgery (FSS) as an alternative to oocyte 
or embryo cryopreservation. This technique offers the possibility 
of  having genetic children after the cancer is cured. Ovarian tis-
sue cryopreservation (OTC) is the surgical procedure often used, 
followed by ovarian tissue transplantation (OTT) at heterotopic 
or orthotopic sites. Ovarian transposition can be performed in 
women receiving pelvic radiation [25]. 
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Cryopreservation of  ovarian tissue is a technique for preserv-
ing fertility addressed to girls and women before initiating go-
nadotoxic treatments. It is the only possible method for prepu-
bertal girls. The technique was proposed in 1996 and is aimed 
especially at young patients with various oncological conditions: 
leukemia, Hodgkin's lymphoma, bone tumors, nephroblastoma, 
retinoblastoma, and neuroblastoma. It has the advantage that it 
is immediately available and does not require the administration 
of  hormonal drugs. The preserved ovarian tissue is slow-frozen 
or vitrified and thus can be used later to restore reproductive and 
endocrine function in the absence of  cancer recurrence [26, 27]. 
However, there is a significant financial burden associated with 
fertility preservation, as highlighted by many studies [28–30], 
with costs ranging from several hundred to several thousand dol-
lars, making it financially challenging for some patients to access 
these services.

Moreover, the research of  Letourneau et al. emphasized the 
time-sensitive nature of  fertility preservation, as it requires a de-
lay in cancer treatment initiation [31]. This delay can pose risks, 
particularly in aggressive malignancies where immediate treat-
ment is crucial. Regarding the success rates, the likelihood of  
achieving a successful pregnancy with cryopreserved gametes or 
embryos may vary [32–34] because most patients do not utilize 
their cryopreserved oocytes [35, 36], which imposes limitations 
on conducting future studies regarding clinical outcomes.

Ovarian transposition is a surgical procedure that allows fertil-
ity preservation and is recommended for women with gynecolog-
ical oncological conditions (cervical cancer, vaginal cancer) and 
urological or hematological diseases that require pelvic or cranio-
spinal radiotherapy [26]. Although potential functional decline 
must also be considered, most studies [37–39] show that ovarian 
function is preserved and that most transposed ovaries remain 
metastasis-free. A recent meta-analysis investigated the data of  
1160 women with cervical cancer who were subjected to ovari-
an transposition and found that 93% of  women who underwent 
surgery with or without brachytherapy had their ovarian function 
preserved, and metastases were presented in the transposed ova-
ries in only 1% of  cases [40]. However, there is scarce literature 
on the long-term outcomes of  ovarian transposition, which poses 
challenges in accurately assessing its effectiveness and emphasizes 

the need for more research to evaluate the long-term impact of  
ovarian transposition on fertility and hormonal function in can-
cer survivors. Laparoscopic ovarian transposition has a success 
rate of  88.6% for maintaining ovarian function [41]. Other FSS 
include uterine fixation, which helps protect against pelvic radia-
tion effects and preserve fertility [42]. 

Given the secondary gonadotoxicity of  aggressive neoadjuvant 
chemotherapy regimens, the time factor defines these patients, 
who tend to lose their fertile potential quickly. Thus, cancer pa-
tients must start their systemic anticancer treatment immediately, 
in parallel with evaluating the opportunity to initiate oncofertil-
ity-related procedures. The fertile prognostic of  young cancer 
patients was negatively influenced by less surgical training in on-
cologic surgery and few oncology clinical trials [43].

Fertility-sparing surgery in cervical cancer

Patients with cervical cancer with tumors <2 cm (IA2-IB2 
FIGO) undergoing the radical vaginal trachelectomy - Dargent 
procedure have a survival rate identical to those undergoing 
radical hysterectomy. Patients with tumors >2 cm cannot be 
prescribed the Dargent procedure due to the increased risk of  
central pelvic recurrence (approximately 17%). The need for 
parametrectomy is debatable in patients at low risk of  paramet-
ric invasion due to urinary and digestive complications and the 
subsequent risk of  miscarriage or premature birth [44].

According to the NCCN, for stage IA1 without lymphovascu-
lar space invasion (LVSI), simple cone resection or hysterectomy 
is recommended. In contrast, for stages IA1 with LVSI, IA2 - 
IB1, simple/radical trachelectomy in association with sentinel 
node biopsy or pelvic lymph dissection is indicated [45]. The 
SEER database in a select group of  patients with stage IB1 cer-
vical cancer did not show differences in survival between patients 
treated with less radical surgery and those treated with radical 
surgery [46].

Plante et al. reported a >97% overall survival rate or absence 
of  progression at 5 years in patients with tumors <2 cm who opt-
ed for fertility preservation through simple trachelectomy or cone 
resection with laparoscopic identification of  the sentinel node ± 
pelvic lymph dissection [47]. Bentivegna et al. indicated radical 
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therapy with LNG-IUD is better than the MPA-containing reg-
imen [61].

Despite this evidence, the lack of  randomized clinical trials on 
the efficacy and safety of  treatment in EC in relation to the risk 
of  worsening oncological disease explains the cautious way to 
preserve fertility in these patients [62]. For obese patients with 
EC and AEH, a weight loss of  over 10% and the administration 
of  GnRH agonists would have an increased effect compared to 
progestin therapy [63]. 

GnRH agonists, such as leuprolide acetate, goserelin, and trip-
torelin, can be used to induce a temporary menopausal state, 
suppress endogenous estrogen production, and potentially pre-
serve fertility. By reducing the secretion of  luteinizing hormone 
(LH) and follicle-stimulating hormone (FSH) from the pituitary 
gland, GnRH agonists effectively suppress the ovarian produc-
tion of  estrogen, which is essential for the growth and progression 
of  endometrial cancer. Lower estrogen levels create an unfavor-
able hormonal environment for cancer cells, potentially leading 
to disease regression and preservation of  fertility [64].

Metabolic syndrome and insulin resistance are associated with 
an increased recurrence rate in patients with AEH and EC who 
have resorted to fertility-sparing procedures [65].

After primary conservative treatment for patients with recur-
rent EC and EAH who wish to preserve their uterus after com-
plete remission, resumption of  treatment that preserves fertility 
may be an option as it allows the completion of  pregnancy and 
delivery [66].

Fertility-sparing surgery in ovarian cancer 

Ovarian cancer is the most aggressive and with the highest 
mortality among gynecological cancers [67]. Fertility-sparing 
treatment is used for patients with limited epithelial ovarian can-
cer (EOC) or a non-epithelial tumor. This also applies to cases 
with peritoneal implants at the time of  surgery. In the case of  
unilateral borderline mucinous ovarian tumors, the intervention 
is initial unilateral salpingo-oophorectomy, and in the case of  se-
rous ovarian tumors, cystectomy. Unilateral oophorectomy and 
contralateral ovarian cystectomy may be performed for bilateral 
borderline ovarian tumors [19].

After staging, FSS in patients with EOC will address stage 
IA of  grade 1/2 of  serous, mucinous, or endometrioid tumors 
or stage IC grade 1. For EOC in stage IA grade 3 or IC1/IC2 
grade 1, an option is given by bilateral salpingo-oophorectomy, 
preservation of  the uterus, and the use of  donated oocytes [19]. 
In patients with stage IB, IC2, and IC3 grade 3 or bilateral ovar-
ian impairment, the safety regarding fertility preservation pro-
cedures is uncertain about the oncological prognosis. For stages 
II/III (regardless of  histological form), FSS is contraindicated 
[48, 68]. Another study revealed that the surgical management 
in these cases is represented by unilateral salpingo-oophorectomy 
with pelvic and para-aortic lymphadenectomy, peritoneal wash-
ing, and omentectomy [68].

Two retrospective studies of  79 patients and 27 patients with 
non-epithelial cancers (ovarian germ cell malignancies are fre-
quent in reproductive age), regardless of  tumor stage and histo-
logical type, showed that fertility preservation surgery with adju-
vant chemotherapy was followed by a high fertility rate [69, 70]. 
The rate of  live births in patients who wanted to become preg-
nant ranged from 73% to 80.9% [70, 71]. Furthermore, Tamau-
chi et al., using a multicenter database, identified 56 babies born 

trachelectomy in the presence of  IB1 stage LVSI [48]. In con-
trast, in the absence of  LSVI, the ConCerv trial showed that in 
the early stages (tumor <2 cm, histology, depth of  invasion <10 
mm, and conical biopsy with negative edges), recurrent disease 
within 2 years of  surgery (cone resection or simple hysterectomy) 
was 3% [49].

The correct selection of  patients (tumor size, non-aggressive 
histological types, lack of  lymph invasion, negative lymph nodes), 
the experience of  the surgical team, the correct choice of  surgical 
procedure, the technical possibilities of  the center of  excellence 
in gynecological oncological surgery, are elements of  favorable 
prognosis on the preservation of  fertility.

Patients who have received FSS for cervical cancer may lat-
er experience several risk factors, such as decreased fertility rate, 
increased risk of  miscarriage, cervical failure, risk of  chorioam-
nionitis, premature rupture of  membranes, and the onset of  
preterm labor [50]. If  cervical cancer is diagnosed in the first 
trimester of  pregnancy, patients should be properly counseled 
about the risk of  continuing the pregnancy and the appropriate 
cancer treatment so as not to compromise either the maternal or 
fetal prognosis [51]. The intraoperative cerclage placed transab-
dominal either during FSS or subsequent pregnancy is a decision 
that must be made according to the patient's obstetrical history 
because performing a simple trachelectomy does not routinely 
require this procedure [52, 53]. Performing Pap tests and/or col-
poscopy in patients with FSS in the first trimester in pregnant 
women is extremely important in diagnosing and monitoring 
these patients.

In patients who have undergone cone resection, a vaginal birth 
may be attempted in the absence of  residual disease or obstetrical 
contraindications, as opposed to trachelectomy in which a cesar-
ean section must be performed as the small scarred cervix is at 
risk of  rupture. [47, 54]. Thus, vaginal delivery may be compli-
cated by severe bleeding, rupture of  the uterus, or possible meta-
static spread in unidentified recurrences [51].

Fertility-sparing surgery in endometrial cancer

Endometrial cancer (EC) is the fourth most common cancer 
in women, being the most frequent gynecological cancer [55]. 
Conservative treatment for fertility preservation in patients with 
endometrial cancer stage IA FIGO (without or less than half  in-
vasion of  the myometrium) consists of  hormone therapy (pro-
gestin-only pills, LNG-IUD), especially in patients with estrogen 
receptor expression and progesterone combined or not with hys-
teroscopic endometrial focal resection [56, 57]. 

In a review of  the literature, Garzon et al. evaluated the safety 
of  fertility in young women with atypical endometrial hyperpla-
sia (AEH) or grade 1 endometrial cancer (EC). The EC's oral 
treatment with progestin (medroxyprogesterone acetate and 
megestrol acetate) is accompanied by a recurrence rate of  30.7% 
and a pregnancy rate of  52.1%. Other treatment options include 
LNG-IUD, megestrol acetate plus metformin [58, 59], and hys-
teroscopic resection followed by progestins [56]. Thus, the latter 
combination showed a similar response regarding the birth rate 
of  live newborns compared to progestogen monotherapy but 
with a reduced relapse rate [57]. Gullo's team is more reserved 
about metformin use and hysteroscopic evaluation, noting that 
new research is needed [60]. Novikova et al., on a group of  418 
patients with AEH and grade 1-2 endometrioid  EC with min-
imal or no myometrial invasion on MRI, shows that hormone 
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to 40 malignant ovarian germ cell tumor (MOGCT) survivors 
from 110 MOGCT patients [72].

Sexually stromal cord tumors diagnosed in young women ben-
efit from FSS, with a risk of  premature ovarian failure, a situation 
that would require cryopreservation of  ovarian tissue [73]. The 
AGO group's CORSETT study found that in addition to pre-
serving fertility, FSS techniques increase the quality of  life and do 
not alter sexuality in patients with non-epithelial ovarian tumors 
[74].

Fertility-sparing surgery in vulvar cancer 

Vulvar cancer accounts for 4% of  gynecological malignancies, 
with a peak incidence of  in situ vulvar carcinoma in the 40-49 
age group. The anatomopathological form in women under 45 is 
vulvar squamous cell cancer [75, 76]. Therapeutic management 
of  these patients concerning fertility preservation should include 
less destructive surgery without affecting prognosis, cryopreser-
vation of  ovarian tissue before chemotherapy, and oophoropexy 
before pelvic radiotherapy [77]. Diken et al. presented a case of  a 
33-year-old woman diagnosed with synovial cell sarcoma of  the 
vulva. Following radical hemi-vulvectomy with bilateral lymph 
dissection and subsequent brachytherapy (20 Gy) and external 
radiotherapy (50 Gy), her fertility was preserved, leading to a lat-
er successful childbirth [78].

Fertility-sparing surgery in breast cancer 

In patients under 40, the incidence of  breast cancer is over 
7% of  all oncological conditions. The main options for fertility 
preservation in women with breast cancer are oocyte or embryo 
cryopreservation. Also, patients who want to maintain their fer-
tility before breast radiotherapy have two options: either to use 
shields for the adnexal area or to transpose the ovaries, although 
the radiation doses that reach the genital organs are small with-
out affecting ovarian function. Some women choose mastectomy 
as their first intention, precisely to avoid radiotherapy and its pos-
sible effects on fertility [79, 80]. Obstetric results after breast can-
cer treatment are very good [80]. In the case of  breast cancer, it 
seems that the administration of  GnRH analogs has a protective 
effect on maintaining ovarian function in relation to gonadotox-
icity secondary to the treatment.

A recent systematic review by Lambertini et al. [81] aimed to 
assess the efficacy and safety of  temporary ovarian suppression 
using GnRH agonists during chemotherapy in premenopaus-
al women with early breast cancer and found that this therapy 
appears to be an effective and safe option for premenopausal 
patients with early breast cancer. The results indicate that their 
addition to the chemotherapy regimen reduces the risk of  pre-
mature ovarian insufficiency and may increase the likelihood 
of  achieving a pregnancy after treatment. Importantly, this ap-
proach did not show any negative impact on disease-free survival 
or overall survival outcomes. These findings support the use of  
GnRH analogs as a potential strategy to preserve ovarian func-
tion, enhance future fertility prospects, and improve the overall 
quality of  life for premenopausal women undergoing chemother-
apy for early breast cancer. 

However, many authors argue that the available evidence is in-
sufficient to determine the impact of  GnRH agonists on fertility 
preservation, and further investigation is needed [82–84]. The 
study of  Chen et al. [85] suggested that although GnRH agonists 
can help protect ovarian function during chemotherapy, leading 

to improved menstruation, reduced premature ovarian failure, 
and increased ovulation, more research is needed to fully under-
stand their impact on fertility preservation and further studies 
should explore different age groups, chemotherapy regimens, 
and long-term outcomes.

CONCLUSION

Delaying a pregnancy or lowering the age of  onset of  cancer 
has revolutionized medicine by developing various surgical inter-
ventions to preserve fertility. The correct intervention choice de-
pends on the cancer's location, type, and stage. Thus, regarding 
the chances related to fertility, an important role belongs to the 
counselors, a process that must be initiated by the gynecologist 
and continued by the surgeon, oncologist, chemotherapist, radio-
therapist, and psychologist so that in the end, the integrative role 
to belong to the specialist of  reproductive medicine that will bal-
ance the benefits versus risks for each case. This is how the multi-
disciplinary approach to oncofertility is defined. Fertility-sparing 
surgery has been, is, and will be an additional challenge for can-
cer care and fertility. The influence can be found at the level of  
any link within this multidisciplinary team, mainly in initiating 
aggressive gonadotoxic therapy.
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