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Introduction: Oocyte cryopreservation is a valid option for female cancer
patients to preserve fertility. The number of patients undergoing fertility
preservation (FP) cycles has increased over the past years. Nevertheless, the
rates of patients returning to use their cryopreserved material have shown to be
considerably low, ranging from 5-8%, but significant data regarding the reasons
of such low return rates are scarce.

Methods: This study is a single-center follow-up retrospective study evaluating
the return rate of oncological women who underwent FP at a tertiary care
Fertility Center and assessing the reasons influencing the patients who did not
return. Data about patients who returned to attempt pregnancy were retrieved
from internal registries. Non-returned patients were assessed with a
standardized phone survey investigating health condition, marital status and
family projects, spontaneous conceptions, and the reasons why they had not
returned to use their gametes. A univariate analysis between returned and non-
returned patients was performed.

Results: Of the 397 patients who received counseling about FP, 171 (43.1%)
underwent oocyte cryopreservation between 2001 and 2017. Nine (5%) died,
and 17 (10%) were lost at follow-up. A total of 20 patients (11.7%) returned and 125
did not. In the non-returned group, 37 (29.6%) did not have a partner, 10 (8%) had a
previous spontaneous conception, and 15 (12%) had recurrent malignancy at the
time of follow-up. In the univariate analysis, younger age at freezing (31.846.2 vs.
35.2+4.7; p 0.018), lack of a partner (p 0.002), type of cancer (other than breast
cancer; p 0.024) were the significant factors in the non-returned group. As for the
personal reason for not coming back, patients mainly answered as follows: lack of
a partner (29, 23.2%), the desire for spontaneous motherhood (24, 19.2%), previous
spontaneous pregnancies after FP procedures (16, 12.8%), and still ongoing
hormonal therapy for breast cancer (13, 10.4%). All patients confirmed their will
to keep the storage of their oocytes.
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Discussion: The impact of a cancer diagnosis on a woman'’s maternal desire,
sentimental status and life priorities should be studied more thoroughly.
Studies investigating hormonal therapy suppression in breast cancer patients
seeking pregnancy should be encouraged.

Clinical trial registration: https://clinicaltrials.gov, identifier NCT05223764.
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Introduction

The recent technological evolutions of Assisted Reproductive
Technologies (ART), together with the growing recognition of the
impact of a potential fertility loss on patients undergoing cancer
therapy have motivated the expansion of the fertility preservation
(FP) field (1, 2).

Patient education regarding future reproductive function is
an important component of the care of individuals with cancer
and it has been reported that receiving counseling about
reproductive loss and the option to try to preserve fertility
before treatment is important to survivors, even if they are
unable to have children after chemotherapy (3, 4).

Since the development of vitrification, cryopreservation of
mature oocytes has proven its efficacy in egg banking programs
for both medical indications and age-related fertility loss (5, 6).
Though the literature is rich in studies on oocyte cryopreservation,
reports on its efficacy are much more sporadic than those reporting
on the use of fresh oocytes. This is especially the case for patients
undergoing FP for medical indications. Most of these studies are
retrospective (5, 7), and only a few available report prospective data
on fertility preservation for medical indications (8). Altogether,
evidence sustains oocyte cryopreservation as an effective and safe
practice for these patients, even though long-term data on children
born after treatment are yet unavailable. Although extensive
literature on the importance of FP has been established (7-10),
detailed information on patients’ future decisions and on return
rates is scarce. Especially when oocyte cryopreservation is
concerned, the available data has often been collected from stand-
alone clinics and fertility groups (11-14) or cross-sectional surveys
and interviews (7, 15-17). This limitation particularly concerns
oncological patients, making it hard to have a comprehensive
perspective on the matter. Still, it is possible to retrieve valuable
information from the few available studies. In general, in both non-
medical and oncological settings, the demand up-take of oocyte
cryopreservation appears to be increasing each year (7, 9).
Nonetheless, the number of women returning to thaw and use
their oocytes has not revealed such a significant increase (18).
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A study published in 2019 by Humanitas Fertility Center
provided data on the outcomes achieved by 244 women who had
undergone oocyte cryopreservation for oncological reasons over
an eighteen-year period (9). At that time of the survey, only 4.5%
had returned to use their stored material, after an average interval
period of 3.4 years (9). Similar results had been previously
observed in male cancer patients in the same center (19). Also
in 2019, Rodriguez-Wallberg and colleagues published a
prospective cohort study on a long-term follow-up after fertility
preservation where 8% of cancer patients returned to attempt
pregnancy with their stored oocytes (8). Motivations of non-
return were not investigated by the authors. Cobo and colleagues
have documented similar results in cancer patients’ return rate
compared to non-medical FP patients (7.4% vs. 12.1%), and a
longer storage time (mean storage time 4.1 + 0.9 vs. 2.1 *+ 1.6
years) (7). As possible explanations for the reduced return rate
they suggested the long time needed for cancer patients to
overcome their disease and, given their relatively younger age
(mean age = 32.3 + 3.5 years vs. 7.2 4.9 years), their possible
higher probability of getting pregnant by natural conception (7).
In addition, the long-lasting regimens of endocrine treatments
have been hypothesized to be an added cause of delay in breast
cancer patients (7). It is important for clinicians to improve the
come-back rate working on the modifiable factors, such as the
psychological aspects of delaying the childbearing. Indeed, even
though the tumor has been recovered, many patients still actively
avoid pregnancy for fear of recurrence, of the eventual
complications of pregnancy after having suffered from a severe
disease, of eventual cancer inheritance in the offspring.
Misconceptions on these topics may influence patients’ choice
and negatively affect their serenity during child seeking or
pregnancy. Moreover, physicians often showed concerns about
starting FP medications before chemotherapy and did not feel
adequately trained on the safety and timing of these therapies.
Oncologists and gynecologists should discuss pregnancy issues
with patients when starting medications in order to provide
appropriate information; therefore, pre-conception counselling
on an individualized basis should be mandatory for all patients
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of reproductive age to reassure them that obtaining disease
remission and facing with the eventual obstetrical risks is
possible. A psychological support may play a fundamental role
in these patients, such as an improved awareness in clinicians,
both oncologists and gynecologists.

This study aims at evaluating the return rate of oncological
women who underwent fertility preservation through oocyte
cryopreservation at Humanitas Research Hospital’s Fertility
Center and assessing the reasons influencing patients who did
not return.

Materials and methods
Study design and population

This is a single-center follow-up study, performed between
January 2020 and July 2021, of all women who underwent oocyte
cryopreservation cycles for oncological purposes from January
2001 to December 2017 at the Fertility Center of Humanitas
Research Hospital, Rozzano (Milano), Italy, a university-
affiliated tertiary care ART center.

The Humanitas Fertility Center employs a standard
operating procedure for fertility preservation as previous
described (9, 20). Referrals for FP were received from internal
or external oncologists, who also provided information on the
disease stage and the date of initiation of oncological treatment.
Patients obtained the first dedicated FP counselling within a few
days. Immediate access was granted thanks to specific personnel
resources allocations to enable prompt scheduling of treatment
for FP, in order not to delay the starting of the planned cancer
therapy. The ovarian reserve was evaluated by the antral follicles
count, by measuring follicle stimulating hormone (FSH) and,
more recently, Anti-Mullerian Hormone (AMH) levels.
Generally, patients underwent a gonadotropin releasing
hormone (GnRH) antagonist cycle possibly in the early
follicular phase of the cycle or randomly. An aromatase
inhibitor 5 mg was also prescribed daily (Femara, Novartis,
NJ, USA) to patients with hormone-dependent breast cancer
during the stimulation period starting from the second day of the
induction to 7 days after oocyte retrieval. Final oocyte
maturation was triggered by subcutaneous injection of 0.25 mg
recombinant hCG (Ovitrelle, EMD Serono, MA, USA) or 0.2 mg
Triptorelin (Decapeptyl, Ipsen, France) to decrease the risk of
ovarian hyperstimulation syndrome (OHSS), when at least two
follicles reached 16 mm in diameter. Ultrasound-guided oocyte
retrieval was performed 48 h later under deep sedation.

After retrieval, all oocytes were selected and cryopreserved
using the techniques of slow-freezing until 2009 (21) and open
vitrification after 2010 as described by Kuwayama et al. (22).
Kitazato® (Kitazato, Shizuoka, Japan) provided the vitrification
and warming solutions. Differently from the standard
procedural protocol where only mature (metaphase IT - MII)
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oocytes were stored, with oncological patients also immature
oocytes (germinal vesicle - GV, and metaphase I - MI) have been
generally stored, though it is still an experimental method (23).

Annually, patients renew their agreement to store their
cryopreserved oocytes by postal mail after receiving a
reminder from the Hospital. The renewal is free of charge.

All costs of the procedures were covered by the Italian
National Healthcare System, including the Gonadotropins.

Data collection and follow-up

Data about the oocyte cryopreservation cycles, ART
procedures and the information about the oncological history
of the patients were retrieved from the Fertility Center’s internal
web-based registry (Art-it). Every three months, the data set is
regularly updated, including thawed cycles and demises.

Between January 2020 and May 2021, all patients were
contacted by phone call and were asked a set of standardized
questions (Table 1).

The survey’s purpose was to investigate their present health
conditions, cancer treatment and any potential relapses, their
family projects and sentimental status, any spontaneous
conception, and conditions that may affecting patient’s fertility
(such as endometriosis, polycystic ovarian syndrome,
chemotherapy/radiotherapy, or gynecological surgery prior to
oocyte retrieval). Furthermore, it included the personal reasons
why they had not yet returned following FP.

Ethical approval and data protection

All data were collected anonymously in the exclusive internal
web-based database. Patients’ data are safeguarded by advanced
threat prevention, enterprise-class encryption, and authentication
for any user with the periodical need of password renewal.

Patients included in this study had consented in writing to
the usage of their anonymized medical records for research and
follow-up purposes, as long as their anonymity was protected,
and their medical record’s confidentiality was assured.

The Independent Ethical Committee of Humanitas Research
Hospital approved the study protocol (n. 72/20), and the
protocol was registered on ClinicalTrials.gov (NCT05223764).

Statistical analysis

All analyses were carried out using STATA 15.0 (StataCorp.
2017. Stata Statistical Software: Release 15. College Station, TX:
StataCorp LP). Patient data were assessed by using multivariate
comparisons as well as univariate tests. Data were described as
number and percentage, or mean and standard deviation, as
appropriated. A p-value lower than 0.05 was considered significant.
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TABLE 1 Study’s standardized verbal interview.

Present health conditions
*  Current general health
Oncological history

*  Type and stage of malignancy

*  Cancer treatment (surgery, chemotherapy, radiotherapy, hormonal
therapy, immune therapy)

*  Relapse

Gynecological and obstetric history

*  Pregnancies and births prior to cancer diagnosis
»  Conditions/pathologies affecting patient’s fertility
*  Menstrual cyclicity and menopausal symptoms after cancer treatment

* Diagnosis of Premature ovarian insufficiency (POI) after cancer

treatment
*  Sexual disorders after cancer treatment
+  Estroprogestinic therapy after cancer treatment
*  Spontaneous pregnancies and births after cancer treatment

Family projects and sentimental status

*  Sentimental status prior to cancer diagnosis
. Current sentimental status

*  Desire of motherhood

*  Desire to use cryopreserved oocytes

Socio-economic status

*  School degree
*  Job and occupational status

Results

Of the 397 oncological patients who received counseling
about FP at the Fertility Center of Humanitas Research Hospital,
between January 2001 and December 2017, 171 (43.1%)
underwent oocyte cryopreservation. At the time of follow-up
20 patients (11.7%) had returned to use their frozen material and
9 (5.3%) had died. Among the 142 non-returned patients, 125
(88.0%) participated in the study’s survey and 17 (12.0%) were
lost. The flowchart illustrating the study’s population is shown in
Figure 1. Of the nine dead patients, 4 (44.4%) had been
diagnosed with breast cancer, and 2 (22.2%) with lymphoma.
The remaining three suffered from sarcoma, colon cancer, and
brain cancer, respectively.

The clinical and sociocultural characteristics of the 145-
patient cohort analyzed in this study’s investigation (returned
and non-returned groups) are listed in Table 2.

By July 2021, 20 patients had returned to use their oocytes
after an average interval period of 4.7 (£ 2.5) years. None of these
patients had recurrent disease.

Patients’ mean age was 35.8 + 4.1 (range 25-44) years at
freezing and 40.0 + 4.0 (range 29-46) years at thawing. Most
patients (n = 14, 70%) had a diagnosis of breast cancer. Since in
Italy Law 40/2004 does not allow sperm donation for single
women, all patients had a partner when they decided to come
back. Those who were already in a relationship at the time of
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freezing (n = 9, 45.0%) returned with the same partner. The
cumulative pregnancy rate (number of pregnancies per couple)
was 40%, and the cumulative live-birth rate (number of live-
births per couple) was 30%.

Of the 142 patients who did not return to use their stored
material, 125 participated in this study’s follow-up. The mean
interval period (+ SD) between oocyte retrieval and follow-up
was of 6.1 (£ 2.3) years (range 3-18 years). By comparing this
group of patients to the ones who returned to seek a pregnancy,
it was possible to observe a younger age at freezing for the former
(31.8 + 6.2 vs. 35.80 £ 4.10 years; p 0.018). Cancer types (other
than breast cancer) were a significant factor (p 0.024): a higher
proportion of non-returned patients suffered from
hematological diseases (28.0% vs. 10.0%), while the proportion
of gynecological cancers (5.0% vs. 0.8%) and of other cancer
types (i.e., sarcomas, gastric, colon, and brain cancers) (15.0% vs.
3.2%) was higher among patients who attempted a pregnancy.
Chemotherapy was administered to 70.0% of returned patients
and 82.4% of non-returned ones (p 0.223). Conversely,
treatment with radiotherapy was found to be significant, as a
higher proportion of non-returned patients had to undertake
this therapy (72.0% vs. 45.0%; p 0.019). Hormonal therapy for
breast cancer did not show a significant difference between the
two groups (65.0% in returned patients vs. 54.4% in non-
returned ones; p 0.470). Fifteen patients in the non-returned
group had recurrent diseases when the survey was taken, while
none of the patients who came back to attempt pregnancy had
relapses (12% vs. 0%; p 0.226). For what concerns sociocultural
differences between the two groups, the most significant
difference among them was the presence of a partner at
follow-up: only 70.4% of the non-returned ones were in a
relationship (p 0.002). A similar difference, though not as
much significant, regarded the presence of a partner at cancer
diagnosis: 75.2% of patients who did not return and 45.0% of
those who did return had a partner (p 0.004). Employment
differences were not significant, both at oocyte freezing and at
follow-up. Finally, obstetric history prior to oocyte freezing was
not a significant factor: 5.0% of returned patients and 8.0% of
non-returned ones (p 1.000) already had children. Thirty-one
women (24.8%) did not have a partner when they had their
oocytes retrieved, and the number of single patients increased in
the years following (37 patients, 29.6%). Of those in a
relationship at the time of freezing (n = 94), 18 had become
single by the time of follow-up. Ten patients (8.0%) had already
had children prior to oocyte freezing, while 15 (12.0%) had a
spontaneous conception after surviving their disease. At the time
of writing this report, one patient (0.8%) was pregnant from a
spontaneous conception. Of the patients who underwent
chemotherapy (103, 82.4%), only 64 (62.1%) recovered their
physiological menstrual cycles. Altogether, ten patients (8.0%)
were diagnosed with premature ovarian insufficiency (POI) in
the years following their recovery. Fifteen patients (12.0%) had
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FIGURE 1
Study’s population flowchart.

recurrent malignancy at the time of follow-up: eleven had breast
cancer, two had hematological malignancies, and two suffered
from sarcoma.

When asked about their personal reasons for not coming back
(Figure 2), most patients reported that the absence of a partner
was the principal cause (30, 24.0%), followed by the wish for
spontaneous motherhood (24, 19.2%). Indeed, 24 patients (19.2%)
were attempting to achieve a spontaneous pregnancy when
investigators contacted them. Sixteen patients (12.8%) answered
that their primary reason was that they had a spontaneous
pregnancy after FP procedures. Ultimately, 13 patients (10.4%)
reported that the principal reason was the ongoing hormonal
therapy for breast cancer; yet, 34 (27.2%) of non-returned patients
were still undergoing this type of treatment.

It is interesting to cite the cases of two patients who explicitly
reported that they could not return to attempt pregnancy at
Humanitas Research Hospital’s Fertility Center because of the
limitations that Law 40/2004 imposes on ART in Italy.
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Three patients added a secondary reason for their non-return.
A patient with recurrent disease said she also had no partner,
while two patients reported concerns about their age. The primary
reasons indicated by the latter were the fear of disease recurrence
and the oncologist’s veto about seeking pregnancy.

When specifically questioned about their intentions
regarding their stored oocytes, 46 patients (36.8%) said that
they were not planning to come back to use them, while 4
patients (3.2%) were unsure about this possibility. Nonetheless,
all of them expressed their will to keep the storage, though they
may not use it.

Discussion

This retrospective study reports the experience over 17 years
of the Humanitas Research Hospital’s Fertility Center with
oncological patients undergoing oocyte cryopreservation for
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TABLE 2 Clinical and sociocultural characteristics of study population.

Variable All (n = 145) Returned (n = 20) Non-returned (n = 125) P
Age
At freezing 32.2+6.1 358 £ 4.1 31.8+6.2 0.018
33 (17-45) 36 (25-44) 32 (17-45)
At follow-up 385+ 6.6 399 +39 37.8+6.9 0.050
39.5 (22-64) 40.5 (29-46) 38 (22-63)
Cancer type 0.024
Breast 99 (68.3%) 14 (70.%) 85 (68.00%)
Hematological 37 (25.5%) 2 (10.0%) 35 (28.0%)
Gynecological 2 (1.4%) 1 (5.0%) 1 (0.8%)
Other cancers 7 (4.8%) 3 (15.0%) 4 (3.2%)
Treatment
Chemotherapy 117 (80.7%) 14 (70.0%) 103 (82.4%) 0.223
Hormonal therapy 81 (55.9%) 13 (65.0%) 68 (54.4%) 0.470
Radiotherapy 99 (68.7%) 9 (45.0%) 90 (72.0%) 0.019
Relapse 15 (10.3%) 0 15 (12.0%) 0.226
School degree
8™ grade 5 (3.4%) 0 5 (4.0%)
High school 49 (33.8%) 5 (25.0%) 44 (35.2%)

University 91 (62.8%) 15 (75.0%) 76 (60.8%)
Employment
At freezing 138 (95.2%) 20 (100%) 118 (94.4%) 0.345
At follow-up 125 (86.2%) 19 (95.0%) 106 (84.8%) 0.310
With a partner
At freezing 103 (71.0%) 9 (45.0%) 94 (75.2%) 0.004
At follow-up 108 (74.5%) 20 (100%) 88 (70.4%) 0.002
Already with children at freezing 11 (7.6%) 1 (5.0%) 10 (8.0%) 1.000

FP. The main goals were to evaluate the patients’ return rate and the one reported in the literature and by the ESHRE consortium

to assess the reasons influencing those who did not return. (ranging between 5% and 8%) (5-8). Among the reasons that
During the observation period, 11.7% of patients returned to more strongly influenced patients’ return, the most significant

attempt pregnancy. This come-back rate is relatively higher than was the absence of a partner. Almost one-fourth of patients
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Main personal reasons reported by patients who did not return to use their frozen oocytes.
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accounted for it to be the leading cause and, indeed, being single
was the most significant difference between returned and non-
returned patients. Younger age at freezing was another
significant difference between the two groups. In a previously
published study, the Humanitas Research Hospital’s Fertility
Center’s research group considered the 244 patients who
underwent oocyte retrieval and storage from January 2001 to
March 2019. Comparing the current study’s results with that
previous experience, a significant improvement in patients’
come-back rate was observed (11.7% vs. 4.5% in two years)
(9). The raise in the come-back rate in the same study population
after a few years may be explained by an improved awareness in
clinicians, both oncologists and gynecologists, on the
importance of childbearing and its positive psychological
aspects on post-oncological patients. As previously stated, the
present come-back rate is relatively higher than the ones found
in the literature (5-8). In a study published in 2018, Cobo and
colleagues compared patients who had undergone non-medical
FP with oncological-FP. They reported a return rate of 12.1%
among non-medical FP patients, which is similar to the one
described in this study (7). This could indicate that oncologists
of the Humanitas Research Hospital’s Cancer Center mainly
refer patients with good prognoses (patients’ mortality rate was
5.3%) who are highly motivated to undergo fertility preservation.
The fact that, at cancer diagnosis, patients who later returned to
attempt a pregnancy were significantly older than those who did
not come back could indeed be a drive for a stronger motivation.
It is also possible to hypothesize that such a return rate might
result from a good patient selection by the Fertility Center’s
physicians based on patients’ age and ovarian reserve. Indeed,
only 43.1% of the patients referred for FP counseling eventually
had their oocytes retrieved and stored.

A cancer diagnosis in a relatively young woman has an
enormous impact on her life’s planning and prospective and
might completely overturn one’s life priorities. Indeed, 16% of
patients said that they did not have any maternal desire at the
time of follow-up. One could speculate this to be directly caused
by the overwhelming effects of a cancer diagnosis, which forces
women to reconsider their life goals. Specifically, the veil of
uncertainty that a malignancy lies may hinder maternal
sentiments, as patients feel the necessity to be more focused
on themselves rather than taking care of a hypothetical child.

Modern society’s demands force a growing number of
women of childbearing age to delay motherhood (11). Cancer
patients then add to this all the related problems to their
condition. The age at which patients return to use their
oocytes is much higher than the national research average for
first pregnancy (31.5 years according to the Italian national
institute of statistics registry). The percentage of single women in
the non-return group is significantly higher than the national
population (47.7% of the Italian women are married and only
10% of the women between 25 and 49 years live single person
family) (24).
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Younger age at cancer diagnosis also translates into a possible
higher probability of getting pregnant by natural conception, which
occurred in 13.6% of the non-returned patients. This is something
that has been comprehensively studied in the literature. For
example, in a study published in 2009, Green and colleagues
assessed different fertility indicators in a group of patients
participating in the Childhood Cancer Survivor Study (CCSS).
They aimed to determine the effect of oncological treatment on
ovarian function and reproductive outcomes in young cancer
patients. Of the 6494 female cancer survivors who participated in
their survey, 1915 reported 4029 pregnancies (25). POI's prevalence
was the same as the one reported in the current study, as premature
menopause occurred in 8% of patients (25).

The fact that a higher number of patients did not have a partner
at follow-up is another example of the effect that a diagnosis of
malignancy has on a woman’s personal life. In a prospective follow-
up study performed in a single center in Dresden, Germany,
Goeckenjan and colleagues submitted a questionnaire to women
who had received FP counseling 3 and 6 years after the diagnosis of
cancer (10). Patients were asked about their fertility, partnership,
family planning, and pregnancy history (10). Most of them ascribed
their non-return to the absence of a stable partnership, the fact that
they had already completed their family planning, their advanced
age, their fear of cancer relapse, and their fear of having a diseased
child (10). These results are similar to the ones reported in the
current study.

The impact of a cancer diagnosis on a woman’s family
planning and future perspective was recently highlighted in a
population-based analysis conducted by Anderson and
colleagues that investigated the number and the timing of
pregnancy and live birth after cancer diagnosis in all women
diagnosed with cancer before the age of 40 years in Scotland
between 1981 and 2012 with no previous pregnancies (26). The
study considered 10267 cancer survivors and, by matching them
with three population controls, demonstrated a reduced chance
of live births and a reduced family size in those women who
achieve pregnancy after diagnosis (26).

It is relevant to underline that these results were obtained in
a Fertility Center based in Italy, where Law 40/2004 prohibits
cryopreservation of embryos and allows the use of gametes from
donors only for infertile heterosexual couples (27). This leaves
single women out, forcing them to give up their maternal desire
or undergo ART procedures in another country, with the
economic and psychological burden that might follow. Indeed,
two patients in this study had concerns about this. One of them
had been hysterectomized and specifically reported being unable
to have a surrogate pregnancy in Italy.

Particular attention should also be given to breast cancer
patients. Indeed, premenopausal women with hormone-
receptor-positive breast cancer generally receive 5-10 years of
adjuvant hormonal therapy. During this period, pregnancy is
contraindicated. In this study’s cohort of non-returned patients,
80.0% of breast cancer patients had received or were
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concurrently receiving this type of treatment. It is reasonable to
believe that such a regimen delays patients’ projects and family
planning. For this reason, an Italian study initiated in 2014,
known as the POSITIVE trial, is investigating the impact of
temporary hormonal therapy interruption to allow pregnancy
(28) with in-itinere promising results.

The key strength of this study relies not only on the analysis of
17 years of fertility preservation in cancer patients but also on the
possibility that investigators had to explore patients’ motivations for
their non-return directly. Not only was it possible to analyze the
objective characteristics of these patients, but also to directly take
note of their own experiences and thoughts.

A limitation of the study is the not high number of patients
retained in absolute terms from a single center, however, the data
currently available on oncological patients underwent FP are
very limited and mostly reported in case reports and case series.
Therefore, multicenter and international studies are desirable in
the future in order to increase the knowledge of this patient
setting. Given the limitations imposed by Law 40/2004 on ART,
this setting may limit any possible adaptation of the study to
other countries, where different legislations apply.

Conclusions

Nowadays, many cancer patients can plan a family after
surviving their disease, as present anticancer treatments have led
to high survival rates in young oncological patients. For this
reason, FP techniques at the time of diagnosis before initiating
gonadotoxic treatments have become standard procedures.
Nonetheless, follow-up data after counseling for fertility
preservation are still anecdotal.

Family planning after cancer is a complex construct, and many
factors come into play in this decision. FP techniques increase the
chance for a woman to have her own child after cancer, but several
other factors may outweigh the biological effects. The impact of a
cancer diagnosis on a woman’s maternal desire, sentimental status
and life priorities should be studied more thoroughly.

Moreover, it is important to encourage studies investigating
hormonal therapy suppression in breast cancer patients seeking
pregnancy to reduce their time to pregnancy.

Finally, the relatively low return rates reported in oncological
patients who turned to FP at the time of their cancer diagnosis
may motivate some to rule out FP as a “worthy” procedure.
However, the unique opportunity given by this study in offering

References

1. Oktay K, Harvey BE, Partridge AH, Quinn GP, Reinecke J, Taylor HS,
et al. Fertility preservation in patients with cancer: ASCO clinical practice
guideline update. J Clin Oncol (2018) 36(19):1994-2001. doi: 10.1200/
JCO.2018.78.1914

Frontiers in Endocrinology

08

10.3389/fendo.2022.1054123

a direct confrontation with patients on the matter underscores
the importance of such procedures. Patients reported that the
reassurance of having a few of their oocytes stored and preserved
helped them better coping the psychological distresses caused by
their disease.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

Written informed consent was obtained from the individual
(s) for the publication of any potentially identifiable images or
data included in this article.

Author contributions

IV and ZF wrote the research project and analyzed data. SC,
BA, CA, and CF contributed to data extraction, references, and
follow up analysis. ME performed the statistical analysis. RC
contributed to the manuscript preparation. L-SE prepared the
final draft. All authors contributed to the article and approved
the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

2. Practice Committee of the American Society for Reproductive Medicine
Electronic address aao. fertility preservation in patients undergoing gonadotoxic
therapy or gonadectomy: a committee opinion. Fertil Steril (2019) 112(6):1022-33.
doi: 10.1016/j.fertnstert.2019.09.013

frontiersin.org


https://doi.org/10.1200/JCO.2018.78.1914 
https://doi.org/10.1200/JCO.2018.78.1914 
https://doi.org/10.1016/j.fertnstert.2019.09.013 
https://doi.org/10.3389/fendo.2022.1054123
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Immediata et al.

3. Letourneau JM, Ebbel EE, Katz PP, Katz A, Ai WZ, Chien AJ, et al. Pretreatment
fertility counseling and fertility preservation improve quality of life in reproductive age
women with cancer. Cancer (2012) 118(6):1710-7. doi: 10.1002/cncr.26459

4. Lambertini M, Del Mastro L, Pescio MC, Andersen CY, Azim HA Jr., Peccatori
FA, et al. Cancer and fertility preservation: international recommendations from an
expert meeting. BMC Med (2016) 14:1. doi: 10.1186/s12916-015-0545-7

5. Druckenmiller S, Goldman KN, Labella PA, Fino ME, Bazzocchi A, Noyes N.
Successful oocyte cryopreservation in reproductive-aged cancer survivors. Obstet
Gynecol (2016) 127(3):474-80. doi: 10.1097/A0G.0000000000001248

6. Preservation EGGOFF, Anderson RA, Amant F, Braat D, D'Angelo A, Chuva
de Sousa Lopes SM, et al. ESHRE guideline: female fertility preservation. Hum
Reprod Open (2020) 2020(4):hoaa052. doi: 10.1093/hropen/hoaa052

7. Cobo A, Garcia-Velasco J, Domingo J, Pellicer A, Remohi J. Elective and
onco-fertility preservation: Factors related to IVF outcomes. Hum Reprod (2018)
33(12):2222-31. doi: 10.1093/humrep/dey321

8. Rodriguez-Wallberg KA, Marklund A, Lundberg F, Wikander I, Milenkovic
M, Anastacio A, et al. A prospective study of women and girls undergoing fertility
preservation due to oncologic and non-oncologic indications in Sweden-trends in
patients' choices and benefit of the chosen methods after long-term follow up. Acta
Obstet Gynecol Scand (2019) 98(5):604-15. doi: 10.1111/a0gs.13559

9. Specchia C, Baggiani A, Immediata V, Ronchetti C, Cesana A, Smeraldi A,
et al. Oocyte cryopreservation in oncological patients: Eighteen years experience of
a tertiary care referral center. Front Endocrinol (Lausanne) (2019) 10:600. doi:
10.3389/fend0.2019.00600

10. Goeckenjan M, Freis A, Glass K, Schaar J, Trinkaus I, Torka S, et al.
Motherhood after cancer: fertility and utilisation of fertility-preservation methods.
Arch Gynecol Obstet (2020) 301(6):1579-88. doi: 10.1007/s00404-020-05563-w

11. Hodes-Wertz B, Druckenmiller S, Smith M, Noyes N. What do
reproductive-age women who undergo oocyte cryopreservation think about the
process as a means to preserve fertility? Fertil Steril (2013) 100(5):1343-9. doi:
10.1016/j.fertnstert.2013.07.201

12. Dahhan T, Dancet EA, Miedema DV, van der Veen F, Goddijn M.
Reproductive choices and outcomes after freezing oocytes for medical reasons: a
follow-up study. Hum Reprod (2014) 29(9):1925-30. doi: 10.1093/humrep/deul37

13. Hammarberg K, Kirkman M, Pritchard N, Hickey M, Peate M, McBain J,
et al. Reproductive experiences of women who cryopreserved oocytes for non-
medical reasons. Hum Reprod (2017) 32(3):575-81. doi: 10.1093/humrep/dew342

14. Jones BP, Kasaven L, L'Heveder A, Jalmbrant M, Green ], Makki M, et al.
Perceptions, outcomes, and regret following social egg freezing in the UK; a cross-
sectional survey. Acta Obstet Gynecol Scand (2020) 99(3):324-32. doi: 10.1111/a0gs.13763

15. Cobo A, Garcia-Velasco JA, Coello A, Domingo J, Pellicer A, Remohi J.
Oocyte vitrification as an efficient option for elective fertility preservation. Fertil
Steril (2016) 105(3):755-64.¢8. doi: 10.1016/j.fertnstert.2015.11.027

Frontiers in Endocrinology

09

10.3389/fendo.2022.1054123

16. Gurtin ZB, Shah T, Wang J, Ahuja K. Reconceiving egg freezing: insights
from an analysis of 5 years of data from a UK clinic. Reprod BioMed Online (2019)
38(2):272-82. doi: 10.1016/j.rbmo.2018.11.003

17. Wennberg AL, Schildauer K, Brannstrom M. Elective oocyte freezing for
nonmedical reasons: a 6-year report on utilization and in vitro fertilization results
from a Swedish center. Acta Obstet Gynecol Scand (2019) 98(11):1429-34. doi:
10.1111/a0gs.13673

18. Johnston M, Richings NM, Leung A, Sakkas D, Catt S. A major increase in
oocyte cryopreservation cycles in the USA, Australia and new Zealand since 2010 is
highlighted by younger women but a need for standardized data collection. Hum
Reprod (2021) 36(3):624-35. doi: 10.1093/humrep/deaa320

19. Levi-Setti PE, Negri L, Baggiani A, Morenghi E, Albani E, Parini V, et al.
Delayed childbearing and female ageing impair assisted reproductive technology
outcome in survivors of male haematological cancers. ] Assist Reprod Genet (2018)
35(11):2049-56. doi: 10.1007/s10815-018-1283-5

20. Levi-Setti PE, Cirillo F, Scolaro V, Morenghi E, Heilbron F, Girardello D,
et al. Appraisal of clinical complications after 23,827 oocyte retrievals in a large
assisted reproductive technology program. Fertil Steril (2018) 109(6):1038-43.el.
doi: 10.1016/j.fertnstert.2018.02.002

21. Levi Setti PE, Albani E, Novara PV, Cesana A, Morreale G.
Cryopreservation of supernumerary oocytes in IVF/ICSI cycles. Hum Reprod
(2006) 21(2):370-5. doi: 10.1093/humrep/dei347

22. Kuwayama M, Vajta G, Kato O, Leibo SP. Highly efficient vitrification
method for cryopreservation of human oocytes. Reprod BioMed Online (2005) 11
(3):300-8. doi: 10.1016/S1472-6483(10)60837-1

23. Torre ML, Munari E, Albani E, Levi-Setti PE, Villani S, Faustini M, et al. In
vitro maturation of human oocytes in a follicle-mimicking three-dimensional
coculture. Fertil Steril (2006) 86(3):572-6. doi: 10.1016/j.fertnstert.2006.02.090

24. Natalita e fecondita della popolazione residente (2021). Available at: https://
www.istat.it/it/archivio/264643. Accessed 08/11/2023 2022.

25. Green DM, Sklar CA, Boice JD Jr, Mulvihill JJ, Whitton JA, Stovall M, et al.
Ovarian failure and reproductive outcomes after childhood cancer treatment:
results from the childhood cancer survivor study. J Clin Oncol (2009) 27
(14):2374-81. doi: 10.1200/JC0O.2008.21.1839

26. Anderson RA, Kelsey TW, Morrison DS, Wallace WHB. Family size and
duration of fertility in female cancer survivors: a population-based analysis. Fertil
Steril (2022) 117(2):387-95. doi: 10.1016/j fertnstert.2021.11.011

27. Repubblica Italiana. Norme in materia di procreazione assistita. Gazzetta
Ufficiale della Repubblica Italiana. (2004) 45:5-12.

28. Partridge AH, Niman SM, Ruggeri M, Peccatori FA, Azim HA, Colleoni M,
et al. Who are the women who enrolled in the POSITIVE trial: A global study to
support young hormone receptor positive breast cancer survivors desiring
pregnancy. Breast (2021) 59:327-38. doi: 10.1016/j.breast.2021.07.021

frontiersin.org


https://doi.org/10.1002/cncr.26459 
https://doi.org/10.1186/s12916-015-0545-7
https://doi.org/10.1097/AOG.0000000000001248
https://doi.org/10.1093/hropen/hoaa052
https://doi.org/10.1093/humrep/dey321
https://doi.org/10.1111/aogs.13559
https://doi.org/10.3389/fendo.2019.00600
https://doi.org/10.1007/s00404-020-05563-w
https://doi.org/10.1016/j.fertnstert.2013.07.201
https://doi.org/10.1093/humrep/deu137
https://doi.org/10.1093/humrep/dew342
https://doi.org/10.1111/aogs.13763
https://doi.org/10.1016/j.fertnstert.2015.11.027
https://doi.org/10.1016/j.rbmo.2018.11.003
https://doi.org/10.1111/aogs.13673
https://doi.org/10.1093/humrep/deaa320
https://doi.org/10.1007/s10815-018-1283-5
https://doi.org/10.1016/j.fertnstert.2018.02.002
https://doi.org/10.1093/humrep/dei347
https://doi.org/10.1016/S1472-6483(10)60837-1
https://doi.org/10.1016/j.fertnstert.2006.02.090
https://www.istat.it/it/archivio/264643
https://www.istat.it/it/archivio/264643
https://doi.org/10.1200/JCO.2008.21.1839
https://doi.org/10.1016/j.fertnstert.2021.11.011
https://doi.org/10.1016/j.breast.2021.07.021
https://doi.org/10.3389/fendo.2022.1054123
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Why are they not coming back? A single-center follow-up study on oncological women oocyte’s storing for fertility preservation
	Introduction
	Materials and methods
	Study design and population
	Data collection and follow-up
	Ethical approval and data protection
	Statistical analysis

	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


