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Abstract: Cervical cancer is one of the leading causes of cancer-related death in women of reproduc-
tive age. The established fertility-sparing approaches for the management of early-stage cervical
cancer for women who plan pregnancy are associated with a decline in fecundity and an increased
risk of pregnancy complications. This article aims to offer an overview of fertility-sparing approaches
and the management of potential subfertility and pregnancy complications after these treatments. An
extensive search for the available data about infertility and cervical cancer, fertility-sparing techniques
in patients with cervical cancer, fertility treatment, obstetrical complications, and pregnancy outcomes
in cervical cancer patients was completed. Fertility-preserving procedures such as loop electrosurgi-
cal excision procedure (LEEP), cold-knife conization, and trachelectomy in women diagnosed with
cervical cancer can be considered as safe and effective treatments that preserve reproductive potential.
Current fertility-preserving procedures, based on the balance of the oncological characteristics of
patients as well as their desire for reproduction, allow one to obtain acceptable reproductive and
obstetric outcomes in women treated for cervical cancer. Nevertheless, careful monitoring of preg-
nancies obtained after fertility-preserving procedures is recommended, since this cohort of patients
should be considered at higher risk compared with a healthy population.

Keywords: cervical cancer; infertility; fertility-sparing surgery; obstetrical complication; pregnancy
outcome

1. Introduction

Infertility is a global public health issue. Approximately 80 million people and about
one-fifth of couples during their lifetime are affected by infertility worldwide [1–3]. In addi-
tion, infertility has a significant economic impact and is a multilayered stressor associated

J. Clin. Med. 2023, 12, 2614. https://doi.org/10.3390/jcm12072614 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm12072614
https://doi.org/10.3390/jcm12072614
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0003-3914-5154
https://orcid.org/0000-0002-0288-4108
https://orcid.org/0000-0002-2868-4497
https://orcid.org/0000-0001-5734-7468
https://orcid.org/0000-0003-1543-2802
https://doi.org/10.3390/jcm12072614
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12072614?type=check_update&version=1


J. Clin. Med. 2023, 12, 2614 2 of 21

with anxiety, depression, and dysfunctions in marital and sexual relationships that affect
quality of life [4–6].

Cancer treatment is one of the risk factors for premature menopause and female
infertility [7]. Similar to other causes of infertility, cancer-related infertility has a negative
influence on the psychological, social, and sexual functioning of patients [8–10]. However,
today, cancer patients have the opportunity to access a variety of services for fertility
preservation, and, in addition, fertility-supportive care is available to every patient at all
stages of their cancer treatment [8].

Cervical cancer remains one of the leading causes of cancer-related mortality in young
women aged 20–39 years despite the existence of human papillomavirus (HPV) screening
and vaccination programs that can make it one of the most preventable cancers [11–13].
Cervical cancer has the fourth highest incidence and mortality in women worldwide [14].
Widely used treatments for cervical cancer include radical hysterectomy, with or with-
out radiotherapy by external beam, vaginal brachytherapy, or chemo-radiotherapy of the
pelvis [15]. Unfortunately, all these treatment options have the potential to lead to infer-
tility [15]. Fertility-sparing surgery aims to preserve women’s fertility and may involve
excisional cone biopsy and radical abdominal, laparoscopic, robotic, and vaginal trachelec-
tomy [15] with or without pelvic and para-aortic lymph nodal staging. Such fertility-sparing
approaches are only offered to women with cancer in the early stages, according to the
Fédération Internationale de Gynécologie et d’Obstétrique (FIGO) staging system of cervi-
cal cancer, who plan pregnancy in the future [15]. Of note, fertility-sparing surgery offers
similar overall and disease-free survival compared to radical hysterectomy [16]. At the
same time, the fertility-sparing surgery applied for the management of cervical cancer is
linked to an increased risk of pregnancy complications such as preterm deliveries, preterm
premature rupture of membranes (PPROM), and low-birth-weight infants [15]. Because of
the risks associated with preterm birth and PPROM, cervical cerclage is usually performed
in patients after trachelectomy.

Cervical cancer can be diagnosed in a significant proportion of women before they
have had the opportunity to bear children. Since the number of women with this type
of cancer remains very high, and the prognosis for early-stage treatment is good, fertility
preservation becomes of paramount importance when discussing management options
with this cohort of younger patients, particularly bearing in mind that available standard
cancer treatment leads to permanent infertility in almost all cases. This issue has been
neglected for a long time, but fertility preservation is now considered an important quality-
of-life issue for young patients with early-stage cervical cancer, and is now being studied
in a more systematic and comprehensive manner. After undergoing targeted cancer treat-
ment, women often regret not having received all the information they needed to make
an informed decision about their fertility preservation options, which may then lead to
depression, grief, stress, and sexual dysfunction.

This article aims to offer an overview of fertility-sparing approaches as well as the
management of potential subfertility and pregnancy complications after these treatments
in women affected by cervical cancer.

2. Materials and Methods

A search of the available literature on infertility and cervical cancer, fertility-sparing
techniques in patients with cervical cancer, fertility treatment, obstetrical complications,
and pregnancy outcomes in cervical cancer patients was performed. The search included
Scopus, MEDLINE, Google Scholar, and PubMed databases, starting from 1990 to the
beginning of 2023, using the following keywords, alone or in combinations, and MeSH IDs
(whenever available): “infertility” (MeSH Unique ID: D007246; MeSH Unique ID: D007247),
“infertility treatment”, “fertility preservation” (MeSH Unique ID: D059247), “fertility-
sparing surgery”, “cancer”, “cervical cancer”, “uterine cervical neoplasms” (MeSH Unique
ID: D002583), “cancer vaccines” (MeSH Unique ID: D019496), “Papillomavirus vaccines”
(MeSH Unique ID: D053918), “infertility outcome”, “pregnancy outcome” (MeSH Unique
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ID: D011256), “obstetrical complication” (MeSH Unique ID: D007744), “prognosis” (MeSH
Unique ID: D011379). Titles and abstracts of studies retrieved using the search strategy,
as well as those from additional sources, were screened independently by three review
authors to identify studies that could potentially meet the aims of this review. The full
text of these potentially eligible articles was then retrieved and independently assessed
for eligibility by a second review team consisting of three members. Any disagreement
between the team members over the eligibility of particular articles was resolved through
discussion with other collaborators. Peer-reviewed publications written in English and
concerning infertility, cervical cancer, infertility, and pregnancy outcome in cervical cancer
patients following fertility-sparing treatment were included in this review. Three authors
independently extracted data from the articles about study features, inclusion criteria, types
of intervention, and outcomes, using a pre-piloted standard form to ensure consistency.
Any discrepancies which were identified were resolved through discussion with other team
members. Due to the nature of the study findings, a narrative synthesis of the results from
selected articles was opted in.

3. Results and Discussion
3.1. Fertility-Preserving Interventions in Cervical Cancer Patients
3.1.1. Fertility-Sparing Surgery

Early diagnosis of cervical cancer allows conservative surgical management, especially
in young patients considering pregnancy in the future [16]. Considering that cervical
cancer metastasizes to pelvic and para-aortic lymph nodes, their evaluation is imperative
during fertility-sparing surgical procedures [16]. The loop electrosurgical excision proce-
dure (LEEP) or cold-knife conization combined with endocervical curettage with negative
surgical margins is a recommended fertility-sparing procedure for the management of stage
IA1 of cervical cancer without lymphovascular space invasion (Figure 1) [17]. In the case
of IA1 stage of cervical cancer with lymphovascular space invasion, a radical or simple
trachelectomy with mapping of pelvic and sentinel lymph nodes is suggested [18]. In the
case of IA2 stage without lymphovascular invasion, cold-knife conization is the method
of choice. However, in the presence of lymphovascular invasion and exclusion of nodal
involvement, radical or simple trachelectomy with pelvic lymph nodes dissection and sen-
tinel nodes mapping is considered an option for cervical cancer [19]. Radical trachelectomy
is recommended as a fertility surgical sparing method for patients with IB1 stage cervical
cancer (Figure 1) [20]. Additionally, neoadjuvant chemotherapy followed by simple/radical
trachelectomy or cold-knife conization is another potential fertility preservation strategy in
cervical cancer management [21].

Overall, women diagnosed with squamous cervical cancer or adenocarcinoma who
could become potential candidates for fertility preservation should meet the following
requirements: (1) presence of an adequate ovarian reserve, (2) no evidence of lymph node
metastasis, (3) cervical tumor size of <2 cm, and (4) stromal infiltration of <50% [22,23]. As
cervical cancer is more frequent in women younger than 40 years old, the preservation of
fertility is a significant public health issue for this group of women [22–25].

When fertility-sparing surgery is not an option for the treatment of cervical cancer,
the following fertility-preserving approaches may be considered: ovarian suppression
with the gonadotropin-releasing hormone (GnRH) analogs, ovarian transposition, oocyte
cryopreservation, and ovarian tissue cryopreservation (Figure 2).

3.1.2. Ovarian Suppression with GnRH Analogs

In women of reproductive age, advanced stages of cervical cancer necessitating
neo-adjuvant and adjuvant chemotherapy and/or radiotherapy treatment, in addition
to surgical management, would markedly reduce ovarian reserve and function. GnRH
analogs inhibit the cellular turnover of ovarian cells, which are damaged during anti-
cancer treatment, and therefore they are used for the prophylaxis of radiotherapy and/or
chemotherapy-induced gonadotoxicity [26]. If there are potential contraindications for
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GnRH agonists, then an alternative option to impede accelerated follicle degradation sec-
ondary to chemotherapy or radiotherapy is to use GnRH antagonists [26]. A recent system-
atic review of GnRH analogue administration during chemotherapy with commonly used
chemotherapeutic drugs for cervical cancer treatment (Paclitaxel and Cisplatin) showed
a significant protective effect on ovarian reserve as reflected by patient’s post-therapy
hormonal profile [27]. Although GnRH analogs are used in a fertility-sparing approach,
they are applicable in urgent cases and when other non-surgical fertility-preserving op-
tions are not feasible [28–30]. Accumulating evidence suggests that factors influencing the
efficacy of GnRH analogues as chemoprotective agents include the type and stage of cancer,
the type of chemotherapeutics, pre-treatment of ovarian reserve, as well as a patient’s
age [26]. However, further studies to evaluate the fertility outcomes of GnRH analogues
and combinations of GnRH agonists and GnRH antagonists as gonadal-protecting agents
are needed [26,31].
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3.1.3. Ovarian Transposition

Ovarian transposition as a fertility-preserving procedure involves the distancing of
the ovaries in the abdomen away from the area of planned radiation therapy [31,32]. It is
estimated that the success rate of ovarian transposition in terms of fertility preservation
is approximately 90%. The transposition of ovaries makes transvaginal oocyte retrieval
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difficult during assisted reproduction treatment, and it is suggested that the transposition
of one ovary should be combined with cryopreservation of the contralateral ovary [33].
Novel procedures of MRI-guided brachytherapy offer possibilities for selective radiation of
the cervix without damage to the uterus and/or adnexa [34]. Bizzarri et al. (2022) reported
that laparoscopic ovarian transposition prior to radiotherapy of cervical cancer can be a
reproducible and standardized fertility-preserving procedure [35]. Taking into account that
the metastasis of cervical cancer could be located in ovaries, there is a possibility of the
fatal consequences of the transposition of ovaries affected by cervical cancer metastases.
Fan et al. (2020) in their meta-analysis exploring risk factors for ovarian metastases in
18,389 cervical cancer patients with the stages IA to IIB (according to the FIGO classification)
reported the incidence of ovarian metastases of up to 3.6%, depending on the type of
cervical cancer [36]. Thus, adenocarcinoma of the cervix was associated with a three-fold
higher risk of ovarian metastases compared to squamous cell carcinoma. According to
the results of that meta-analysis, the risk factors for ovarian metastasis in cervical cancer
patients are older age (more than 40 years old), bulky tumor (>4 cm), pelvic lymph node
involvement, parametrial invasion, and invasion of corpus uteri [36]. Another study
based on the analysis of 1160 women with transpositioned ovaries prior to cervical cancer
treatment showed preserved ovarian function in nine (9) out of 10 patients undergoing
surgery and brachytherapy and in six (6) out of 10 patients treated with external beam
pelvic radiotherapy, with the development of ovarian metastases not exceeding 1% of all
patients [37]. Thus, ovarian transposition may be considered as a valuable procedure in
patients planning radiotherapy for cervical cancer management.
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3.1.4. Oocyte Cryopreservation

The American Society of Clinical Oncology (ASCO) and the European Society for
Medical Oncology (ESMO) recommend oocyte and embryo cryopreservation prior to
chemotherapy and/or radiotherapy for cancer patients planning pregnancy in the fu-
ture [28].

Although still debated [16], oocyte cryopreservation is a well-established procedure
that allows a predictable opportunity for future pregnancy based on the number of oocytes
retrieved and stored [38]. Controlled ovarian stimulation (COS) with gonadotropin is
required as an important step for this approach [16,38–40]. Currently, the probability
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of success in oocyte cryopreservation is related to the viability of oocytes after they are
refrozen [16].

It is recommended that oocyte cryopreservation should be performed before anti-
cancer treatment and patients should be fully informed about all risks and benefits of oocyte
pick-up [39]. Campos et al. (2018) analyzed COS in 26 women with cancer, including two
women with cervical cancer, and reported that ovarian stimulation with gonadotropins for
urgent fertility preservation does not influence the number of metaphase II oocytes and
therefore can be used as standard procedure for ovarian stimulation followed by oocyte
pick up and cryopreservation [41]. Due to rapidly evolving techniques and protocols of
ovarian stimulation during in vitro fertilization (IVF), the treatment allowed reproductive
medicine specialists to utilize random-start ovarian stimulation that does not rely on a
patient’s menstrual cycle [42]. This ensures no delay in initiation of a patient’s cancer
treatment and maximizes reproductive chances of becoming pregnant upon successful
treatment of the cancer [41].

Akel et al. (2020) compared the long-term outcomes of patients with gynecological
cancers who underwent COS for fertility preservation [43]. Despite a delay in cancer
treatment due to COS, it did not affect long-term outcomes in patients who underwent
ovarian stimulation with gonadotropins compared to those without such approach [43].

However, multiple challenges prevent the suitability of COS and oocyte cryopreser-
vation. The main problem with oocyte cryopreservation in patients with cancer is time
constraints associated with the urgency for anti-cancer treatment that does not allow
enough time for oocyte maturation during COS by gonadotropins [16,39,40]. In such
cases, insufficient time for COS and the time required for oocyte maturation play a major
role [16,40]. COS after hysterectomy due to cervical cancer is risky in terms of the ovarian
response as ovarian blood supply is compromised after hysterectomy, thus responsiveness
of the ovaries and the outcome of COS can be reduced [38].

Another challenge in oocyte cryopreservation for patients with cervical cancer is
the possibility of triggering the spread of cancer during the COS and oocyte pick-up
procedure [38,39]. However, some authors state that there is no scientific evidence behind
this, thus, the risk is “worrying but theoretical” [38]. Moreover, cervical cancer is poorly
responsive to sex steroid hormones; thus, it is unlikely to be harmful [38].

Finally, oocyte cryopreservation should be completed before chemo- and radiotherapy
after informing patients about the risks of complications [16].

3.1.5. Ovarian Cortex Cryopreservation

Ovarian tissue cryopreservation is a proposed fertility-preserving procedure for pa-
tients at risk of gonadotoxicity who require immediate anti-cancer therapy [40,44–46]. The
advantages of ovarian cortex cryopreservation include tissue sampling independently of
the menstrual cycle phases and the absence of hormone stimulation [40]. The method has
been initially considered to hold an increased risk of unsuccessful subsequent ovarian tissue
transplantation, as well as was believed to activate follicular development, thus compromis-
ing fertility success [47]. However, a recent systematic review showed promising results of
ovarian tissue transplantation with regard to reproductive outcomes demonstrated by the
restoration of ovarian function in up to 98% of the patients [48]. Pregnancy was achieved in
over 80% of cancer-surviving patients undergoing ovarian tissue transplantation whereas
the live birth rate reached 56% depending on the size of cryo-preserved ovarian tissue
and the technique used for cryopreservation [48]. Another study showed a live birth
rate following ovarian tissue cryopreservation and subsequent transplantation in 21% of
cancer survivors with the application of IVF treatment and in 33% of cancer survivors with
spontaneously achieved pregnancy [49]. Despite having a lower chance of achieving a live
birth, the procedure is certainly worth considering for patients as it allows for spontaneous
pregnancy [49]. However, the procedure still holds the risks of cancer recurrence with
ovarian tissue transplantation. The evaluation of cervical cancer type and staging must be
considered as metastases into ovarian tissue are common, especially in stage IIB (FIGO) of
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cervical adenocarcinoma [43,50], and it is mandatory to exclude ovarian metastases prior
to considering ovarian tissue transplantation.

3.2. Fertility/Infertility after Cervical Cancer Treatment

Although the available fertility-sparing management procedures for patients with
cervical cancer may achieve satisfactory results, there are potential complications related to
these procedures such as cervical stenosis, vaginal bleeding from cervical vessels, and com-
plications associated with the shortened cervix (spontaneous abortion, chorioamnionitis,
PPROM, and preterm births) [51–55].

There is an active role of the cervix in supporting fertility/fecundity [38,56]. The
fluctuations of the cervical mucus physiological characteristics through the menstrual cycle
are influenced by sex steroids enabling the spermatozoa to overcome the functional cervical
barrier only during ovulation. Spermatozoa may survive in the mucosal folds of the cervix
and may later be “released” at the time of ovulation [38,56]. Considering those functional
features are important for natural conception, cervical cancer treatment has an impact on
natural fertility.

Multiple studies investigated the results of fertility-sparing treatment in the early
stages of cervical cancer and considered the subsequent pregnancies and their
outcomes [57–87]. Anderson et al. (2018) studied the pregnancy rate in women with
a history of previous cancer and compared it to that of women from the general population
(Table 1) [57].

The authors reported that the pregnancy rate in cancer survivors was lower compared
to that of the general population, and cervical cancer survival was linked to the lowest
chance of subsequent pregnancy [57]. Another study reported that approximately 55%
of women with a medical history of stage I cervical cancer became pregnant and up to
70% of them gave a live birth [58]. After comparing different fertility-preserving strategies,
the highest fertility and live birth rates were reported in the group of women treated
with neo-adjuvant chemotherapy before the surgical procedure, in contrast to the women
who underwent abdominal radical trachelectomy (Table 1) [58]. Nezhat et al. (2020)
showed that radical vaginal and simple trachelectomy was associated with higher rates of
conception [59].

One of the frequent complications of radical trachelectomy and cause of subsequent
infertility is a cervical stenosis [60–63]. Even though there are approaches for the manage-
ment of isthmic stenosis, the recanalization of cervical stenosis is often an unsuccessful
procedure [63]. Nakajima et al. (2020) investigated the appropriate surgical procedures
to prevent cervical stenosis after abdominal trachelectomy [64]. They observed that re-
constructed uterine length between the uterine fundus and the vaginal end of neo-cervix
shorter than 53 mm was associated with a higher chance of developing cervical stenosis.

The prevalence of infertility in patients after fertility-sparing management was re-
ported in 33% to 57.7% of women who desired to conceive after abdominal radical trachelec-
tomy [61]. Li et al. (2020) investigated reproductive and clinical outcomes after abdominal
radical trachelectomy (Table 1) and reported that 58.6% of women did not plan to become
pregnant immediately after abdominal radical trachelectomy [62]. In this study, in a group
of women who tried to conceive, 17.4% achieved pregnancy [62]. The authors concluded
that many women did not desire to conceive after abdominal radical trachelectomy, and the
most common complications were cervical stenosis and fallopian tube obstruction, which
resulted in a low pregnancy rate [62].
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Table 1. Fertility outcomes in patients after cervical cancer treatment with fertility-sparing approach.

Author Year Study Design Cohort Size,
Patients (n)

Patients’
Age (Years)

Cervical Cancer
FIGO Stage Procedure Main Findings Outcomes

Anderson
et al. [57] 2018 Retrospective 23,201 ≤39 early stages of

cervical cancer

“Details of treatments
received were not
available”

Cancer was associated with a
lower chance of pregnancy,
adjusted HR 0.57 (95% CI: 0.53,
0.61) for women >5 years after
cancer diagnosis.

The proportion of first singleton
pregnancies after cancer that ended
in a live birth was higher compared
with the general population.

Shah
et al. [61] 2018 Cross-

sectional 39 25–37 IA1–IB1 Vaginal radical
trachelectomy

Significant proportion of
women with early-stage CC do
not receive
adequate reproductive
counseling before ART, and
many women undergoing ART
experience
complications that can
negatively impact their fertility.

- The average time to pregnancy
was 13 months;

- The clinical pregnancy rate was
54% (20 pregnancies in
13 patients): 8 pregnancies
were spontaneous and 12
required fertility assistance;
5 pregnancies resulted in
first-trimester miscarriage.

Li
et al. [62] 2020 Retrospective 360 16–53 IA1–IB1 Surgery + adjuvant

therapy

Cervical stenosis or fallopian
tube obstruction led to a low
pregnancy rate after ART
following the fertility-sparing
treatment for CC.

- A total of 149 patients
attempted conception after
abdominal radical
trachelectomy;

- Infertility was reported in
57.7% cases (86/149), and half
of the patients used ART;
pregnancy rate in the cohort
was 17.4% (26/149);

- More than half of pregnancies
reached the third trimester
(three cases of first-trimester
and sixth-trimester
miscarriages were reported).

Shinkai
et al. [83] 2020 Retrospective 71 23–46 IA2–IB1

Vaginal radical
trachelectomy
+ pelvic
lymphadenectomy

Both the obstetrical prognosis
and oncological prognosis after
vaginal RT have become
favorable for
pregnant patients after
vaginal RT.

- A total of 28 pregnancies in
21 patients: 13 patients had
spontaneous pregnancies,
7—with artificial insemination
by husband or ART;

- CS performed for all of them
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Table 1. Cont.

Author Year Study Design Cohort Size,
Patients (n)

Patients’
Age (Years)

Cervical Cancer
FIGO Stage Procedure Main Findings Outcomes

Tesfai
et al. [84] 2020 Retrospective 19 19–36 IB–IIA

Neoadjuvant
chemotherapy +
fertility-sparing
surgery
(trachelectomy)

Neoadjuvant chemotherapy
with
fertility-sparing surgery is a
feasible and safe option
in select patients CC IB–IIA.
Unfavorable
prognostic factors:
- non-responsiveness,
- non-squamous pathology.

- Out of 15 patients with a
successful abdominal radical
trachelectomy, 3 patients
reported spontaneous
pregnancies;

- All patients with spontaneous
pregnancies delivered at full
term via the CS;

- One patient required ART but
developed a local CC
recurrence and was treated
with a hysterectomy.

Tamauchi
et al. [78] 2021 Case-control

14 patients
and
30 controls

29–40 early stages of
cervical cancer

Vaginal radical
trachelectomy

The response to controlled
ovarian stimulation worsens
after radical trachelectomy.

Cancer survivors after radical
trachelectomy had lower mean
estradiol levels during controlled
ovarian stimulation and a smaller
number of retrieved oocytes, and a
higher dosage of gonadotropins
compared to the control group.

Rendón
et al. [85] 2021 Retrospective 23 20–37

cervical cancer of
≥2 cm to
≤6 cm (IB1–IIA2)

Neo-adjuvant
chemotherapy +
fertility-sparing
surgery (abdominal
and vaginal radical
trachelectomy)

Neo-adjuvant chemotherapy
followed by abdominal or
vaginal radical trachelectomy
in early-stage CC is a good
option for fertility sparing in
well-selected patients
with cervical tumors ≥2 cm.

- A total of 10/23 (43.5%) became
pregnant;

- A total of 7 patients
delivered 11

- Babies overall (three patients
delivered twice);

- There were 4 term deliveries
and 7 preterm births;

- Only 1 patient had a
first-trimester missed abortion
at 10 week-gestation.
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Table 1. Cont.

Author Year Study Design Cohort Size,
Patients (n)

Patients’
Age (Years)

Cervical Cancer
FIGO Stage Procedure Main Findings Outcomes

Fanfani
et al. [86] 2021 Retrospective 42 19–44 IA2–IB1

Cervical conization
and pelvic
lymphadenectomy

Cervical conization is feasible
for the conservative
management of women with
stage IB1 cervical cancer
desiring fertility.

- A total of 22 (52%) patients
tried to conceive;

- A total of 18 pregnancies
occurred in 17 patients;

- A total of 12 live births were
reported (6 pre-term and 6 term
pregnancies);

- A total of 2 pregnancy losses
were reported (1 first-trimester
and 1 second-trimester).

Yamamoto
et al. [87] 2022 Retrospective 42 28–36 IA1–IB1

Cervical conization
followed by pelvic
lymphadenectomy

Cervical conization combined
with pelvic lymphadenectomy
represents a feasible
conservative management for
well-selected patients with
early-stage cervical cancer.

- A total of 66.7% (2/3) of those
who tried to conceive became
pregnant;

- Overall, 6 pregnancies were
achieved by 2 patients: 4 term
pregnancies (all 4 delivered
vaginally; 1 miscarriage;
1 patient was still on pregnancy
follow-up at the time of the
paper’s publication).

Table footnotes: CS—cesarean section; ART—assisted reproductive technology; CC—cervical cancer.
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Severe cervical stenosis can be overcome using assisted reproductive technologies
(ART) [65]. Hue et al. (2021) described the case of a 34-year-old woman who underwent
robot-assisted radical trachelectomy and cerclage after the management of early-stage
(IB2) adenosquamous carcinoma [66]. Approximately three months after surgery, she
underwent ovarian stimulation but the transcervical embryo transfer was impossible
due to the cervical stenosis. The authors performed transmyometrial embryo transfer
under ultrasound monitoring, which resulted in a successful singleton pregnancy. In
another study, authors reported a case of successful pregnancy and childbirth after direct
intraperitoneal insemination in a 32-year-old nulligravida who previously underwent
laparoscopic radical trachelectomy with paraaortic and pelvic lymphonodectomy due to
stage IB1 cervical cancer [60].

The effects of chemo- and radiotherapy on ovarian function and the uterus should not
be excluded. Paclitaxel, a worldwide-used microtubule stabilizing agent, has a gonadotoxic
effect and leads to a reduction in anti-Müllerian hormone (AMH) levels [67]. There is
also evidence of protective effects on ovarian function of GnRH analogs in combination
with chemotherapeutics in the management of gynecological malignancies [68]. Although
there are limited data on the impact of chemotherapeutics on the uterus, there is some
evidence about the influence of chemotherapy on the uterine structure and function. It
has been reported that chemotherapy is associated with a higher risk of preterm birth
and a smaller uterus [69,70]. Cancer survivors treated with chemotherapy have lower
pregnancy rates compared to the controls [71]. Pelvic radiotherapy as an adjuvant therapy
impairs endometrium, myometrium, and uterine vasculature [70,72]. The impaired uterine
volume and vasculature are associated with poor obstetric outcomes including a higher
risk of preterm birth [70,73]. Accumulating evidence suggests that radiation doses to the
uterus exceeding 25 Gy are associated with irreversible impairment of uterine structure and
function, whereas doses of more than 45 Gy are linked with severe pregnancy complications
or unsuccessful pregnancies [74].

Some studies show no influence on ovarian reserve and IVF outcomes in patients
with cervical intraepithelial neoplasia [75,76]. However, Yang et al. (2022) conducted
a retrospective cohort study including 111 infertile women, 37 with a history of early
cervical lesions, and 74 controls to estimate the impact of early cervical lesions on IVF/ICSI
cycle outcomes [77]. The authors reported a significantly higher rate of women with poor
ovarian response in a group with early cervical lesions compared to controls [77]. The
pregnancy rate and live birth rate were also lower in women with early cervical lesions
than in age-matched women [77]. Tamauchi et al. (2021) reported that women who have
undergone radical trachelectomy had lower estradiol concentration during the controlled
ovarian stimulation cycle and a smaller number of retrieved oocytes compared to women
with unexplained infertility or male factor infertility (Table 1) [78]. The authors concluded
that radical trachelectomy was associated with a decreased ovarian response to controlled
ovarian stimulation [78]. Another study by Nishio et al. (2013) estimated the reproductive
outcomes in 114 women who had undergone radical abdominal trachelectomy. In this
cohort of patients, 31 pregnancies were achieved in 25 patients (six patients had two
pregnancies) [79]. Out of these 25 patients, 18 (72%) had infertility problems and required
management with ART; 17 patients conceived with IVF and one patient with intrauterine
insemination [79]. In the cited study, the pregnancy rate among patients who desired
pregnancy was 36.2% (25/69) [79].

One important question that is posed following the success of cancer treatment and
fertility-preserving procedures for cervical cancer remains the timing of fulfilling the
reproductive goal of achieving a pregnancy and giving birth. It is recommended that a
pregnancy should be planned six and nine months after loop LEEP and cervical conization,
respectively, for women with cervical intraepithelial neoplasia [80]. Iwata et al. (2021)
reported that one-, two-, and five-year cumulative pregnancy rates in women following
fertility-sparing trachelectomy were 2.8%, 6.2%, and 17.4%, respectively [81]. There was
a higher risk of cancer recurrence in women in the first 11 months after surgery. Thus,
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the attempt to conceive should be postponed up to 12 months after surgical treatment of
early-stage cervical cancer [81]. The best predictors for calculating the chance of successful
conception in cervical cancer survivors were determined to be younger age, presence of a
partner, and the use of ART [81].

3.3. Pregnancy Course and Outcomes after Fertility-Sparing Management of Cervical Cancer

Despite an increase in the diagnosis of cervical cancer in women of reproductive age,
a growing number of fertility-sparing procedures used in the management of early-stage
cervical cancer, and known association of cervical cancer with increased risk of adverse
fertilization and reproductive outcomes infertility, miscarriage, PPROM, and preterm birth,
the evidence base guidance for fertility management of women surviving cervical cancer is
lacking [82]. There are existing recommendations for the prevention of preterm birth for
all patients after trachelectomy by administration of vaginal progesterone [82]. Cervical
cerclage can be recommended to women with a history of preterm birth or late miscarriage,
along with elective cesarean section as a choice for the mode of delivery [82].

Shinkai et al. (2020) investigated pregnancy outcomes and disease prognoses in
women after vaginal radical trachelectomy who desired to preserve their reproductive
ability [83]. They observed 28 pregnancies in 21 patients who underwent vaginal radical
trachelectomy [83]. The median time from the treatment to pregnancy was 29.5 months
after radical trachelectomy. Only one pregnant woman had cancer recurrence. The median
gestational age at the time of delivery was 34 weeks. All deliveries occurred by caesarian
section, while one in four of deliveries was an emergency procedure [83]. Kasuga et al.
(2016) demonstrated a 44% pregnancy rate in women who tried to become pregnant
after abdominal radical trachelectomy and the mean time to conception after abdominal
radical trachelectomy was 3 years [88]. Two-thirds of pregnancies were achieved with ART
treatment and resulted in a live birth [88].

The most common pregnancy complications after abdominal radical trachelectomy
were extensive bleeding from the residues of the cervix and ascending infection [88]. Nishio
et al. reported on 31 pregnancies in 25 women, with four women having had a miscarriage
in the first trimester and one woman having had a miscarriage in the second trimester [79].
All women delivered by cesarean section, with 5 having had a delivery in the second
trimester and 17 having had a delivery in the third trimester [79]. Only 23.5% of women
from the study had delivery ≥37 weeks of gestation [79]. Ekdahl et al. (2021) analyzed
long-term oncologic and reproductive outcomes after fertility-preserving robot-assisted
radical trachelectomy [89]. The study included 166 women of which 149 have had robot-
assisted radical trachelectomy; the recurrence of the disease was recorded in 6% of this
population [89]. The researchers observed 81 pregnancies that resulted in 76 live births,
of which 86% occurred after 32 weeks of gestation and 54% at term [89]. Tsaousidis et al.
investigated reproductive outcomes in 23 women who had undergone large conization,
a potentially safe and least invasive fertility-preserving procedure compared to radical
trachelectomy [90]. All of the women attempting to conceive became pregnant, with most
of them achieving pregnancy spontaneously. There was no relapse of cervical cancer during
the follow-up period (2.6–8 years) [90].

It is crucial to achieve the right balance between oncological safety and cancer treat-
ment outcome on one side and the reproductive ability and pregnancy outcome on the
other [30,38]. Surgical treatment of cervical cancer can lead to cervical incompetence with
the progression of pregnancy [91]. The short or absent cervix is linked to a higher chance of
intrauterine infections and PPROM [92]. Kyrgiou et al. (2016) reported a higher relative
risk of preterm birth in women who underwent large LEEP or cold-knife conization [93].
Additionally, the risk for preterm birth correlates with an increase in the depth, volume, and
size of the cervical coning [94]. There are differences in the incidence of preterm birth after
different fertility-sparing procedures, with the highest incidence observed in laparotomic
radical trachelectomy, laparoscopy-assisted radical trachelectomy, and Dargent procedure,
and the lowest incidence after simple trachelectomy or cone resection [58].
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There are established procedures to prevent preterm delivery and to improve preg-
nancy outcomes in women after trachelectomy such as the use of antibiotic prophylaxis
during pregnancy [95], cervical cerclage [96], routine cervicometry [97], strict rest with
tocolytic therapy and vaginal irrigation as well as artificial maturation of the fetal lung by
maternal corticosteroid administration [98].

Ekdahl et al. (2021) assessed possible factors associated with premature delivery in
pregnancies achieved after robotic radical trachelectomy [99]. Factors such as previous vagi-
nal deliveries, postoperative “non-pregnant cervical length”, uterine arteries preservation,
and usage of oral metronidazole/no sexual intercourse regime during the second trimester
were analyzed [99]. It has been reported that only oral metronidazole/no sexual inter-
course regime had a four-fold reduction in second-trimester miscarriage and premature
delivery [99].

Different techniques can be proposed as fertility-sparing surgery for women with
cervical cancer, with various oncological and reproductive outcomes [100]. These outcomes
have been extensively discussed in the recent systematic review by Morice et al. (2022),
which included 5862 patients selected for fertility-sparing surgery [100]. The study as-
sessed cervical cancer recurrence and pregnancy rates in women after fertility-preserving
surgery [100]. The recurrence rates in women who were treated for stage IB1 cervical
cancer were 4.1%, 4.7%, 2.4%, and 5.2% after simple conization/trachelectomy, radical
trachelectomy by laparoscopic-vaginal approach, laparotomic or laparoscopic approaches,
respectively [100].

The oncological outcomes in women with stage IB1 cervical cancer are quite similar
across the different procedures [100]. The lowest pregnancy rate was observed in patients
that underwent radical trachelectomy by laparotomy (36%) [100]. The authors suggested
that the choice between fertility-sparing procedures intended for the management of
cervical cancer should be individualized and based on oncological data of patients, with
a balance between the best cure and the best fertility-sparing method and reproductive
outcomes [100].

3.4. Prophylactic and Therapeutic HPV Vaccines for Prevention of Cervical Cancer Recurrence
after Fertility-Sparing Surgery
3.4.1. Prophylactic HPV Vaccines

The role of high-risk HPV types in the development and progression of cervical
cancer is one of the most significant events in global healthcare [101–106]. It initiated the
development of prophylactic HPV vaccines for the prevention of HPV-related conditions,
including cervical cancer [103–107]. Nowadays, there are four HPV vaccines available for
the prevention of HPV infection and HPV-related conditions, including bivalent (Cervarix
and Cecolin), quadrivalent (Gardasil), and nonavalent (Gardasil-9) vaccines [105,108–129].
Moreover, a novel 14-valent recombinant vaccine is currently under development [108]. It
is expected to target nine HPV types overlapping with those in Gardasil-9 as well as an
additional five types (HPV-35, -39, -51, -56, and -59) [112].

All currently available prophylactic HPV vaccines are based on L1 protein virus-like
particles (VLP) [103,105,130–133]. The mechanism of action of HPV vaccines is explained
by the induction of neutralizing antibodies, which prevent the viral invasion of the basal
membrane [105,107,113,114]. Overall, the HPV vaccines show sufficient immunogenicity,
a high degree of safety/low level of side effects [105,114], and with no increased risk of
serious adverse effects being observed [105,107,114,115]. Moreover, multiple studies have
reported a significant decline in the prevalence of high-risk HPV types and genital warts
caused by HPV [105,116–119]. Recent research results suggest that HPV-vaccinated adults
might have a lower risk of developing HPV-related cancers than those who were not
vaccinated [120–122].

As previously discussed, women can receive excisional surgery to treat precancerous
cervical lesions or early stages of cervical cancer when fertility preservation is desired [114].
However, despite LEEP or laser conization performed for treatment the high-grade squa-
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mous intraepithelial lesion (HSIL), up to 8% of women after these procedures may experi-
ence a relapse of the disease [114,123]. It could happen due to the persistence of previously
caught high-risk HPV infection or because of a new episode of HPV infection [124]. Cur-
rently, the available literature data suggest that the administration of the prophylactic HPV
vaccine before or after surgical management of premalignant cervical lesions might reduce
the risk of recurrence [114,125–127]. Recent meta-analysis results suggest that adjuvant
HPV immunization with prophylactic vaccines after surgical excision for CIN 2 or greater
is associated with a reduced risk of recurrent cervical dysplasia caused by HPV-16 and
HPV-18 types [127]. Thus, preventative HPV vaccination as adjunct management before
or after surgical treatment can be utilized as an additional simple and effective method to
prevent relapse of cervical lesions or cervical cancer in HPV-positive women treated with
LEEP or conization [114,125–128].

Furthermore, the HPV FASTER protocol, which suggests complementary utilization
of cervical cancer screening and vaccination in women older than the HPV vaccination
target group, is fully in line with the idea of preventing HPV infection after the fertility-
sparing approach [129]. This guideline offers HPV vaccination to females aged 9–45 years,
or even 50 years, irrespective of their HPV infection status; thus, the vaccination can be
implemented in women after fertility-sparing treatment for cervical premalignant and
malignant lesions.

3.4.2. Therapeutic HPV Vaccines

Despite the development and implementation of prophylactic HPV vaccines [105,106,134,135],
there is still a considerable population suffering from high-risk HPV-related conditions,
including premalignant cervical lesions and cervical cancer [134–136], especially in low-
and middle-income countries (LMICs) due to multiple factors: (1) limited global vaccine
availability [134]; (2) HPV vaccines’ limited cross-protection [105,130–132]; (3) no therapeu-
tic benefit from prophylactic HPV vaccines [105,134,135]; (4) high cost due to cold chain
maintenance requirements [105,130,132]; (5) delayed impact on cervical cancer incidence,
which may only become apparent 15–20 years after the implementation of mass HPV
vaccination [135,136].

Moreover, even if fertility-sparing treatment is successful and no relapse is observed, in
many cases after LEEP or conization women may still suffer from postsurgical hemorrhage
and adverse obstetric outcomes due to cervical trauma and decreased length (preterm
birth and second-trimester miscarriage) [135]. In some cases, incomplete excision can occur
with the HPV-affected pathologic cells remaining on site and leading to the recurrence
of CIN [136]. Hence, there is a need for a medication/approach that can fully eliminate
malignant cells. Moreover, for individuals diagnosed with persistent or recurrent cervical
cancer, five-year survival is <20%, and there are few treatment options [104]. Therefore,
there is a clear need for improved cervical cancer management by including a novel
adjuvant treatment approach [104]. It drives an emergent need to develop therapeutic HPV
vaccines that will target high-risk types with an immediate impact on women who are
already infected, by preventing the progression of the premalignant cervical lesions as a
potentially effective option [114,135,136].

The development of therapeutic vaccines represents a promising and interesting
approach to the treatment of HPV infection and related cervical lesions [125,136]. During
the recent decade, considerable efforts have been invested in the research and development
of therapeutic HPV vaccines [114]. Some of these vaccines are already being tested in
clinical trial phases 2 and 3 [134]. However, none of these vaccines are available for clinical
practice and wide-spread implementation [114,135–137].

The mechanism of action of therapeutic HPV vaccines is based on the generation of
cell-mediated immunity [133,137]. There are many types of therapeutic HPV vaccines under
development which are classified based on vaccine platform technologies: bacterial vector
and viral vector-based, DNA- and RNA-based, peptide- and protein-based, and dendritic
cell-based vaccines [133]. Ongoing clinical trials investigating the efficacy of therapeutic
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HPV vaccines report spontaneous regression of CIN2 and CIN3 lesions occurring in more
than 30% of cases [114,134]. This indicates that these vaccines, when introduced into
clinical practice, may potentially be used for fertility-sparing treatment in early-stage
cervical cancer patients. Vaccines (prophylactic or therapeutic) being applied as an adjunct
treatment to fertility-sparing management could theoretically prevent new or recurrent
infections and cervical disease relapse [114,125].

3.5. Study Strengths and Limitations

The main strength of our research is based on the comprehensive compilation of more
recent and up-to-date information related to the fertility-preserving options for women
with early-stage cervical cancer. Nevertheless, some limitations should be taken into ac-
count when interpreting the data: first, only papers written in the English language were
included. Second, only a narrative synthesis was possible due to the heterogeneity of dif-
ferent techniques used for fertility preservation (surgery ± chemotherapy ± radiotherapy),
different timing of the techniques, potential use of different methods of ART (COS protocol,
ovulation induction, luteal phase support) vs spontaneous pregnancy, different outcomes
analyzed. Third, most of the available studies included a limited number of women with
the desire for pregnancy after fertility-sparing treatment for cervical cancer, as well as
heterogeneity regarding the types of patients included (i.e., different staging and grading).
Fourth, the maternal–fetal outcomes may have been significantly influenced by multiple
variables, such as residual cervical length after conization/trachelectomy, potential use of
cerclage (which can be performed by different techniques, such as McDonald or Shirodkar),
potential use of prophylactic antibiotics, and different types of pregnancy monitoring.
Finally, the available evidence does not allow one to draw a firm conclusion about the best
timing and mode of delivery in case of different types of fertility-sparing treatment for
cervical cancer.

4. Conclusions

The advances in early diagnosis and management of cervical cancer may lead to signif-
icant improvements in the expectancy and quality of life of women diagnosed with cervical
cancer. However, the treatment of cervical cancer may impair female reproductive function
and affect fertility in young women who plan pregnancy after cancer treatment. There is
evidence that cervical cancer may affect ovarian reserve and response to controlled ovarian
stimulation during ART. Based on clinical experiences with other cancers, personalized fe-
male fertility-preserving approaches such as fertility-sparing surgery and cryopreservation
of oocytes and ovarian cortex may preserve reproductive ability and improve subsequent
pregnancy outcomes in cervical cancer survivors.

The risk of cancer recurrence should not be neglected in women treated with fertility-
sparing procedures, and they are generally advised to plan pregnancy six months up to two
years after cancer treatment. Pregnancy achieved in cancer survivors must be vigilantly
monitored and conservatively managed to reduce potential pregnancy and birth complica-
tions such as miscarriage, preterm delivery, and stillbirth. There remains a need for well-
designed, prospective studies including a large number of patients with a longer period of
follow-up in order to truly evaluate the impact of pregnancy on cervical cancer patients’
survival as well as the impact of different fertility-preserving procedures on pregnancy
outcomes. In particular, this review highlighted that most of the available evidence on
oncological, reproductive, and obstetric outcomes are based on the results of patients with
stage IB1 (FIGO) cancer. Thus, further investigations on fertility-preserving management
outcomes among women with stage IB2 and IIA1 cancer are required. These studies should
consider oocyte or ovarian tissue preservation prior to starting neo-adjuvant chemotherapy
with the aim to down-stage cervical cancer spread before conization/trachelectomy.
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82. Šimják, P.; Cibula, D.; Pařízek, A.; Sláma, J. Management of pregnancy after fertility-sparing surgery for cervical cancer. Acta
Obstet. Gynecol. Scand. 2020, 99, 830–838. [CrossRef] [PubMed]

83. Shinkai, S.; Ishioka, S.; Mariya, T.; Fujibe, Y.; Kim, M.; Someya, M.; Saito, T. Pregnancies after vaginal radical trachelectomy (RT)
in patients with early invasive uterine cervical cancer: Results from a single institute. BMC Pregnancy Childbirth 2020, 20, 248.
[CrossRef]

84. Tesfai, F.M.; Kroep, J.R.; Gaarenstroom, K.; De Kroon, C.; Van Loenhout, R.; Smit, V.; Trimbos, B.; Nout, R.A.; van Poelgeest,
M.I.E.; Beltman, J.J. Fertility-sparing surgery of cervical cancer >2 cm (International Federation of Gynecology and Obstetrics
2009 stage IB1–IIA) after neoadjuvant chemotherapy. Int. J. Gynecol. Cancer 2019, 30, 115–121. [CrossRef]

85. Rendón, G.J.; Blanco, A.L.; Aragona, A.; Saadi, J.M.; Di Guilmi, J.; Eblen, C.A.; Muñoz, F.H.; Pareja, R. Oncological and obstetrical
outcomes after neo-adjuvant chemotherapy followed by fertility-sparing surgery in patients with cervical cancer ≥2 cm. Int. J.
Gynecol. Cancer 2020, 31, 462–467. [CrossRef]

86. Fanfani, F.; Anchora, L.P.; Di Martino, G.; Bizzarri, N.; Di Meo, M.L.; Carbone, V.; Paderno, M.; Fedele, C.; Paniga, C.; Fagotti, A.;
et al. Oncologic and obstetric outcomes after simple conization for fertility-sparing surgery in FIGO 2018 stage IB1 cervical cancer.
Int. J. Gynecol. Cancer 2021, 31, 452–456. [CrossRef]

87. Yamamoto, M.; Motohara, T.; Iwagoi, Y.; Tayama, S.; Tashiro, H.; Kondoh, E.; Katabuchi, H. Fertility-sparing surgery for early-
stage cervical cancer: A case series study on the efficacy and feasibility of cervical conization followed by pelvic lymphadenectomy.
J. Obstet. Gynaecol. Res. 2022, 48, 1444–1450. [CrossRef]

88. Kasuga, Y.; Nishio, H.; Miyakoshi, K.; Sato, S.; Sugiyama, J.; Matsumoto, T.; Tanaka, K.; Ochiai, D.; Minegishi, K.; Hamatani, T.;
et al. Pregnancy Outcomes After Abdominal Radical Trachelectomy for Early-Stage Cervical Cancer: A 13-Year Experience in a
Single Tertiary-Care Center. Int. J. Gynecol. Cancer 2016, 26, 163–168. [CrossRef]

89. Ekdahl, L.; Paraghamian, S.; Eoh, K.J.; Thumuluru, K.M.; Butler-Manuel, S.A.; Kim, Y.T.; Boggess, J.F.; Persson, J.; Falconer, H.
Long term oncologic and reproductive outcomes after robot-assisted radical trachelectomy for early-stage cervical cancer. An
international multicenter study. Gynecol. Oncol. 2021, 164, 529–534. [CrossRef]

90. Tsaousidis, C.; Kraemer, B.; Kommoss, S.; Hartkopf, A.; Brucker, S.; Neis, K.; Andress, J.; Neis, F. Large Conization—Retrospective
Monocentric Results for Fertility Preservation in Young Women with Early Stage Cervical Cancer. Reprod. Sci. 2021, 29, 791–799.
[CrossRef] [PubMed]

91. Bevis, K.S.; Biggio, J.R. Cervical conization and the risk of preterm delivery. Am. J. Obstet. Gynecol. 2011, 205, 19–27. [CrossRef]
[PubMed]

http://doi.org/10.1016/j.fertnstert.2018.10.016
http://doi.org/10.1016/j.fertnstert.2014.09.027
http://doi.org/10.1155/2014/482968
http://doi.org/10.1016/j.fertnstert.2014.10.043
http://doi.org/10.1111/j.1600-0412.2004.00332.x
http://doi.org/10.1093/humrep/den271
http://doi.org/10.1016/j.ajog.2019.12.017
http://doi.org/10.3389/fonc.2022.761219
http://doi.org/10.1002/ijgo.13529
http://www.ncbi.nlm.nih.gov/pubmed/33438209
http://doi.org/10.1093/humrep/det118
http://www.ncbi.nlm.nih.gov/pubmed/23624633
http://doi.org/10.1097/MD.0000000000023411
http://doi.org/10.1016/j.fertnstert.2020.09.162
http://www.ncbi.nlm.nih.gov/pubmed/33589139
http://doi.org/10.1111/aogs.13917
http://www.ncbi.nlm.nih.gov/pubmed/32416616
http://doi.org/10.1186/s12884-020-02949-1
http://doi.org/10.1136/ijgc-2019-000647
http://doi.org/10.1136/ijgc-2020-002076
http://doi.org/10.1136/ijgc-2020-001750
http://doi.org/10.1111/jog.15215
http://doi.org/10.1097/IGC.0000000000000571
http://doi.org/10.1016/j.ygyno.2021.12.029
http://doi.org/10.1007/s43032-021-00807-9
http://www.ncbi.nlm.nih.gov/pubmed/34845668
http://doi.org/10.1016/j.ajog.2011.01.003
http://www.ncbi.nlm.nih.gov/pubmed/21345402


J. Clin. Med. 2023, 12, 2614 20 of 21

92. Robova, H.; Rob, L.; Halaska, M.J.; Pluta, M.; Skapa, P. Review of Neoadjuvant Chemotherapy and Trachelectomy: Which
Cervical Cancer Patients Would Be Suitable for Neoadjuvant Chemotherapy Followed by Fertility-Sparing Surgery? Curr. Oncol.
Rep. 2015, 17, 446. [CrossRef] [PubMed]

93. Kyrgiou, M.; Athanasiou, A.; Paraskevaidi, M.; Mitra, A.; Kalliala, I.; Martin-Hirsch, P.; Arbyn, M.; Bennett, P.; Paraskevaidis, E.
Adverse obstetric outcomes after local treatment for cervical preinvasive and early invasive disease according to cone depth:
Systematic review and meta-analysis. BMJ 2016, 354, i3633. [CrossRef]

94. Arbyn, M.; Kyrgiou, M.; Simoens, C.; Raifu, A.O.; Koliopoulos, G.; Martin-Hirsch, P.; Prendiville, W.; Paraskevaidis, E. Perinatal
mortality and other severe adverse pregnancy outcomes associated with treatment of cervical intraepithelial neoplasia: Meta-
analysis. BMJ 2008, 337, a1284. [CrossRef]

95. Shepherd, J.; Spencer, C.; Herod, J.; Ind, T. Radical vaginal trachelectomy as a fertility-sparing procedure in women with
early-stage cervical cancer-cumulative pregnancy rate in a series of 123 women. BJOG Int. J. Obstet. Gynaecol. 2006, 113, 719–724.
[CrossRef]

96. Kim, C.H.; Abu-Rustum, N.R.; Chi, D.S.; Gardner, G.J.; Leitao, M.M., Jr.; Carter, J.; Barakat, R.R.; Sonoda, Y. Reproductive
outcomes of patients undergoing radical trachelectomy for early-stage cervical cancer. Gynecol. Oncol. 2012, 125, 585–588.
[CrossRef] [PubMed]

97. Petignat, P.; Stan, C.; Megevand, E.; Dargent, D. Pregnancy after trachelectomy: A high-risk condition of preterm delivery. Report
of a case and review of the literature. Gynecol. Oncol. 2004, 94, 575–577. [CrossRef]

98. Ishioka, S.; Endo, T.; Hayashi, T.; Baba, T.; Umemura, K.; Saito, T. Pregnancy-related complications after vaginal radical
trachelectomy for early-stage invasive uterine cervical cancer. Int. J. Clin. Oncol. 2007, 12, 350–355. [CrossRef] [PubMed]

99. Ekdahl, L.; Eoh, K.J.; Thumuluru, K.M.; Butler-Manuel, S.A.; Kim, Y.T.; Lönnerfors, C.; Falconer, H.; Persson, J. A combination of
second trimester oral metronidazole and no sexual intercourse during second and third trimester may reduce late miscarriage and
premature delivery after fertility sparing radical trachelectomy. Eur. J. Obstet. Gynecol. Reprod. Biol. 2021, 265, 90–95. [CrossRef]
[PubMed]

100. Morice, P.; Maulard, A.; Scherier, S.; Sanson, C.; Zarokian, J.; Zaccarini, F.; Espenel, S.; Pautier, P.; Leary, A.; Genestie, C.; et al.
Oncologic results of fertility sparing surgery of cervical cancer: An updated systematic review. Gynecol. Oncol. 2022, 165, 169–183.
[CrossRef]

101. zur Hausen, H. Papillomaviruses and cancer: From basic studies to clinical application. Nat. Rev. Cancer 2002, 2, 342–350.
[CrossRef]

102. zur Hausen, H. Papillomaviruses in the causation of human cancers—A brief historical account. Virology 2009, 384, 260–265.
[CrossRef]

103. Frazer, I.H. Cervical cancer vaccine development. Sex. Health 2010, 7, 230–234. [CrossRef]
104. Ferrall, L.; Lin, K.Y.; Roden, R.B.; Hung, C.F.; Wu, T.C. Cervical Cancer Immunotherapy: Facts and Hopes. Clin. Cancer Res. 2021,

27, 4953–4973. [CrossRef]
105. Akhatova, A.; Azizan, A.; Atageldiyeva, K.; Ashimkhanova, A.; Marat, A.; Iztleuov, Y.; Suleimenova, A.; Shamkeeva, S.;

Aimagambetova, G. Prophylactic Human Papillomavirus Vaccination: From the Origin to the Current State. Vaccines 2022, 10,
1912. [CrossRef]

106. Aimagambetova, G.; Azizan, A. Human Papillomavirus Vaccination: Past, Present and Future. Vaccines 2022, 10, 1398. [CrossRef]
[PubMed]

107. Kamolratanakul, S.; Pitisuttithum, P. Human Papillomavirus Vaccine Efficacy and Effectiveness against Cancer. Vaccines 2021, 9,
1413. [CrossRef] [PubMed]

108. Food and Drug Administration. Gardasil 9. Package Insert. Available online: https://www.fda.gov/media/90064/download
(accessed on 13 October 2021).

109. Food and Drug Administration. Cervarix Package Insert. Available online: https://www.fda.gov/vaccines-blood-biologics/
vaccines/cervarix (accessed on 6 December 2022).

110. Food and Drug Administartion. Gardasil Package Insert. Available online: https://www.fda.gov/files/vaccines,%20blood%20
&%20biologics/published/Package-Insert---Gardasil.pdf (accessed on 6 December 2022).

111. Cecolin Wantai BioPharm Official Web. Available online: http://www.ystwt.cn/cecolin/ (accessed on 8 December 2022).
112. Bei, L.; Zhang, X.; Meng, D.; Gao, S.; Jia, J.; Zhao, D.; Luo, C.; Li, X.; Qiu, H.; Xie, L. Immunogenicity correlation in cynomol-

gus monkeys between Luminex-based total IgG immunoassay and pseudovirion-based neutralization assay for a 14-valent
recombinant human papillomavirus vaccine. J. Med. Virol. 2022, 94, 3946–3955. [CrossRef]

113. Arbyn, M.; Xu, L. Efficacy and safety of prophylactic HPV vaccines. A Cochrane review of randomized trials. Expert Rev. Vaccines
2018, 17, 1085–1091. [CrossRef]

114. Jentschke, M.; Kampers, J.; Becker, J.; Sibbertsen, P.; Hillemanns, P. Prophylactic HPV vaccination after conization: A systematic
review and meta-analysis. Vaccine 2020, 38, 6402–6409. [CrossRef]

115. Zhuang, C.-L.; Lin, Z.-J.; Bi, Z.-F.; Qiu, L.-X.; Hu, F.-F.; Liu, X.-H.; Lin, B.-Z.; Su, Y.-Y.; Pan, H.-R.; Zhang, T.-Y.; et al. In-flammation-
related adverse reactions following vaccination potentially indicate a stronger immune response. Emerg. Microbes Infect. 2021, 10,
365–375. [CrossRef]

116. Castle, P.E.; Maza, M. Prophylactic HPV Vaccination: Past, present, and future. Epidemiol. Infect. 2016, 144, 449–468. [CrossRef]
117. Brotherton, J.M. Impact of HPV vaccination: Achievements and future challenges. Papillomavirus Res. 2019, 7, 138–140. [CrossRef]

http://doi.org/10.1007/s11912-015-0446-0
http://www.ncbi.nlm.nih.gov/pubmed/25893880
http://doi.org/10.1136/bmj.i3633
http://doi.org/10.1136/bmj.a1284
http://doi.org/10.1111/j.1471-0528.2006.00936.x
http://doi.org/10.1016/j.ygyno.2012.03.014
http://www.ncbi.nlm.nih.gov/pubmed/22430614
http://doi.org/10.1016/j.ygyno.2004.05.039
http://doi.org/10.1007/s10147-007-0688-4
http://www.ncbi.nlm.nih.gov/pubmed/17929116
http://doi.org/10.1016/j.ejogrb.2021.08.019
http://www.ncbi.nlm.nih.gov/pubmed/34474227
http://doi.org/10.1016/j.ygyno.2022.01.023
http://doi.org/10.1038/nrc798
http://doi.org/10.1016/j.virol.2008.11.046
http://doi.org/10.1071/SH09132
http://doi.org/10.1158/1078-0432.CCR-20-2833
http://doi.org/10.3390/vaccines10111912
http://doi.org/10.3390/vaccines10091398
http://www.ncbi.nlm.nih.gov/pubmed/36146476
http://doi.org/10.3390/vaccines9121413
http://www.ncbi.nlm.nih.gov/pubmed/34960159
https://www.fda.gov/media/90064/download
https://www.fda.gov/vaccines-blood-biologics/vaccines/cervarix
https://www.fda.gov/vaccines-blood-biologics/vaccines/cervarix
https://www.fda.gov/files/vaccines,%20blood%20&%20biologics/published/Package-Insert---Gardasil.pdf
https://www.fda.gov/files/vaccines,%20blood%20&%20biologics/published/Package-Insert---Gardasil.pdf
http://www.ystwt.cn/cecolin/
http://doi.org/10.1002/jmv.27763
http://doi.org/10.1080/14760584.2018.1548282
http://doi.org/10.1016/j.vaccine.2020.07.055
http://doi.org/10.1080/22221751.2021.1891002
http://doi.org/10.1017/S0950268815002198
http://doi.org/10.1016/j.pvr.2019.04.004


J. Clin. Med. 2023, 12, 2614 21 of 21

118. Suh, D.H.; Kim, M.; Kim, K.; Kim, H.J.; Lee, K.H.; Kim, J.W. Major clinical research advances in gynecologic cancer in 2016:
10-year special edition. J. Gynecol. Oncol. 2017, 28, e45. [CrossRef] [PubMed]

119. Wheeler, C.M.; Skinner, S.R.; Del Rosario-Raymundo, M.R.; Garland, S.M.; Chatterjee, A.; Lazcano-Ponce, E.; Salmerón, J.; McNeil,
S.; Stapleton, J.T.; Bouchard, C.; et al. Efficacy, safety, and immunogenicity of the human papillomavirus 16/18 AS04-adjuvanted
vaccine in women older than 25 years: 7-year follow-up of the phase 3, double-blind, randomised controlled VIVIANE study.
Lancet Infect Dis. 2016, 16, 1154–1168. [CrossRef]

120. Issanov, A.; Karim, M.E.; Aimagambetova, G.; Dummer, T.J.B. Does Vaccination Protect against Human Papillomavirus-Related
Cancers? Preliminary Findings from the United States National Health and Nutrition Examination Survey (2011–2018). Vaccines
2022, 10, 2113. [CrossRef] [PubMed]

121. Arbyn, M.; Xu, L.; Simoens, C.; Martin-Hirsch, P.P. Prophylactic vaccination against human papillomaviruses to prevent cervical
cancer and its precursors. Cochrane Database Syst. Rev. 2018, 2020, CD009069. [CrossRef] [PubMed]

122. Lei, J.; Ploner, A.; Elfström, K.M.; Wang, J.; Roth, A.; Fang, F.; Sundström, K.; Dillner, J.; Sparén, P. HPV Vaccination and the Risk
of Invasive Cervical Cancer. N. Engl. J. Med. 2020, 383, 1340–1348. [CrossRef]

123. Arbyn, M.; Ronco, G.; Anttila, A.; Meijer, C.J.; Poljak, M.; Ogilvie, G.; Koliopoulos, G.; Naucler, P.; Sankaranarayanan, R.; Peto,
J. Evidence Regarding Human Papillomavirus Testing in Secondary Prevention of Cervical Cancer. Vaccine 2012, 30, F88–F99.
[CrossRef]

124. Chan, C.K.; Aimagambetova, G.; Ukybassova, T.; Kongrtay, K.; Azizan, A. Human Papillomavirus Infection and Cervical Cancer:
Epidemiology, Screening, and Vaccination—Review of Current Perspectives. J. Oncol. 2019, 2019, 3257939. [CrossRef]

125. Di Donato, V.; Caruso, G.; Petrillo, M.; Kontopantelis, E.; Palaia, I.; Perniola, G.; Plotti, F.; Angioli, R.; Muzii, L.; Panici, P.B.; et al.
Adjuvant HPV Vaccination to Prevent Recurrent Cervical Dysplasia after Surgical Treatment: A Meta-Analysis. Vaccines 2021, 9,
410. [CrossRef]

126. Sand, F.L.; Kjaer, S.K.; Frederiksen, K.; Dehlendorff, C. Risk of cervical intraepithelial neoplasia grade 2 or worse after conization
in relation to HPV vaccination status. Int. J. Cancer 2019, 147, 641–647. [CrossRef] [PubMed]

127. Lichter, K.; Krause, D.; Xu, J.; Tsai, S.H.L.; Hage, C.; Weston, E.; Eke, A.; Levinson, K. Adjuvant Human Papillomavirus Vaccine to
Reduce Recurrent Cervical Dysplasia in Unvaccinated Women: A Systematic Review and Meta-Analysis. Obstet. Gynecol. 2020,
135, 1070–1083. [CrossRef]

128. Petrillo, M.; Dessole, M.; Tinacci, E.; Saderi, L.; Muresu, N.; Capobianco, G.; Cossu, A.; Dessole, S.; Sotgiu, G.; Piana, A. Efficacy
of HPV Vaccination in Women Receiving LEEP for Cervical Dysplasia: A Single Institution’s Experience. Vaccines 2020, 8, 45.
[CrossRef] [PubMed]

129. Bosch, F.X.; Robles, C.; Díaz, M.; Arbyn, M.; Baussano, I.; Clavel, C.; Ronco, G.; Dillner, J.; Lehtinen, M.; Petry, K.-U.; et al.
HPV-FASTER: Broadening the scope for prevention of HPV-related cancer. Nat. Rev. Clin. Oncol. 2015, 13, 119–132. [CrossRef]

130. Yadav, R.; Zhai, L.; Tumban, E. Virus-like Particle-Based L2 Vaccines against HPVs: Where Are We Today? Viruses 2019, 12, 18.
[CrossRef] [PubMed]

131. Yadav, R.; Zhai, L.; Kunda, N.; Muttil, P.; Tumban, E. Mixed Bacteriophage MS2-L2 VLPs Elicit Long-Lasting Protective Antibodies
against HPV Pseudovirus 51. Viruses 2021, 13, 1113. [CrossRef] [PubMed]

132. Rossi, I.; Spagnoli, G.; Buttini, F.; Sonvico, F.; Stellari, F.; Cavazzini, D.; Chen, Q.; Müller, M.; Bolchi, A.; Ottonello, S.; et al. A
respirable HPV-L2 dry-powder vaccine with GLA as amphiphilic lubricant and immune-adjuvant. J. Control. Release 2021, 340,
209–220. [CrossRef] [PubMed]

133. Wang, R.; Pan, W.; Jin, L. Human papillomavirus vaccine against cervical cancer: Opportunity and challenge. Cancer Lett. 2020,
471, 88–102. [CrossRef]

134. Akhatova, A.; Chan, C.K.; Azizan, A.; Aimagambetova, G. The Efficacy of Therapeutic DNA Vaccines Expressing the Human
Papillomavirus E6 and E7 Oncoproteins for Treatment of Cervical Cancer: Systematic Review. Vaccines 2021, 10, 53. [CrossRef]

135. Hancock, G.; Hellner, K.; Dorrell, L. Therapeutic HPV vaccines. Best Pr. Res. Clin. Obstet. Gynaecol. 2018, 47, 59–72. [CrossRef]
136. Garbuglia, A.R.; Lapa, D.; Sias, C.; Capobianchi, M.R.; Del Porto, P. The Use of Both Therapeutic and Prophylactic Vaccines in the

Therapy of Papillomavirus Disease. Front. Immunol. 2020, 11, 188. [CrossRef]
137. Gardella, B.; Gritti, A.; Soleymaninejadian, E. New Perspectives in Therapeutic Vaccines for HPV: A Critical Review. Medicina

2022, 58, 860. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.3802/jgo.2017.28.e45
http://www.ncbi.nlm.nih.gov/pubmed/28382802
http://doi.org/10.1016/S1473-3099(16)30120-7
http://doi.org/10.3390/vaccines10122113
http://www.ncbi.nlm.nih.gov/pubmed/36560523
http://doi.org/10.1002/14651858.CD009069.pub3
http://www.ncbi.nlm.nih.gov/pubmed/29740819
http://doi.org/10.1056/NEJMoa1917338
http://doi.org/10.1016/j.vaccine.2012.06.095
http://doi.org/10.1155/2019/3257939
http://doi.org/10.3390/vaccines9050410
http://doi.org/10.1002/ijc.32752
http://www.ncbi.nlm.nih.gov/pubmed/31648368
http://doi.org/10.1097/AOG.0000000000003833
http://doi.org/10.3390/vaccines8010045
http://www.ncbi.nlm.nih.gov/pubmed/31991753
http://doi.org/10.1038/nrclinonc.2015.146
http://doi.org/10.3390/v12010018
http://www.ncbi.nlm.nih.gov/pubmed/31877975
http://doi.org/10.3390/v13061113
http://www.ncbi.nlm.nih.gov/pubmed/34200586
http://doi.org/10.1016/j.jconrel.2021.11.002
http://www.ncbi.nlm.nih.gov/pubmed/34740725
http://doi.org/10.1016/j.canlet.2019.11.039
http://doi.org/10.3390/vaccines10010053
http://doi.org/10.1016/j.bpobgyn.2017.09.008
http://doi.org/10.3389/fimmu.2020.00188
http://doi.org/10.3390/medicina58070860

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Fertility-Preserving Interventions in Cervical Cancer Patients 
	Fertility-Sparing Surgery 
	Ovarian Suppression with GnRH Analogs 
	Ovarian Transposition 
	Oocyte Cryopreservation 
	Ovarian Cortex Cryopreservation 

	Fertility/Infertility after Cervical Cancer Treatment 
	Pregnancy Course and Outcomes after Fertility-Sparing Management of Cervical Cancer 
	Prophylactic and Therapeutic HPV Vaccines for Prevention of Cervical Cancer Recurrence after Fertility-Sparing Surgery 
	Prophylactic HPV Vaccines 
	Therapeutic HPV Vaccines 

	Study Strengths and Limitations 

	Conclusions 
	References

