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preservation for both medical and
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Growing evidence of successful outcomes achieved with the oocyte vitrification technique has greatly contributed to its application in
the field of fertility preservation (FP). The population that can benefit from FP includes women at a risk of losing their ovarian function
because of either iatrogenic causes or natural depletion of their ovarian reserve. Therefore, oncological patients and healthy womenwho
wish to delay motherhood for various reasons—elective FP—are currently being offered this option. Satisfactory oocyte survival rates
and clinical outcomes, including cumulative live birth rates, have been reported in recent years. These studies show that age at oocyte
retrieval strongly affects reproductive prognosis after FP. Therefore, elective FP patients should be encouraged to decide before they
reach the age of 35 years to significantly increase their chances of success. The effect of age has also been observed in patients with
cancer and women diagnosed with endometriosis. The reproductive outcome after FP is worse in patients with cancer, but a direct as-
sociation between the disease and reproductive outcome is yet to be proven. Young patients (%35 years) with endometriosis who have
undergone cystectomy before oocyte retrieval for FP have worse outcomes than nonoperated women in age-matched groups. In addi-
tion, the number of oocytes used per patient is closely related to success in all populations, with considerable improvement in the result
with the addition of a few oocytes, especially in healthy young patients. (Fertil Steril� 2021;115:1091–101.�2021 by American Society
for Reproductive Medicine.)
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T he purpose of fertility preserva-
tion (FP) is to preserve both
male and female gametes for in-

dividuals whose reproductive function
is threatened by various reasons.
Cryopreservation of the female gamete
for FP occurred during the second half
of the 2000s, concomitantly with the
upsurge and escalation of efficient
oocyte vitrification. Nevertheless, the
history of oocyte cryopreservation is
fraught with failures, beginning with
the publication of the first success
achieved via slow freezing in 1986
(1), followed by practically no reports
of successful results in the subsequent
years of continuous efforts. This nega-
tive trend began to change with the
emergence of vitrification. Thus, the
Received December 31, 2020; revised February 1, 20
A.C. has nothing to disclose. J.A.G.-V. has nothing t

nothing to disclose.
Reprint requests: Ana Cobo, Ph.D., Instituto Valencia

3, 46015 Valencia, Spain (E-mail: ana.cobo@ivir

Fertility and Sterility® Vol. 115, No. 5, May 2021 001
Copyright ©2021 American Society for Reproductive
https://doi.org/10.1016/j.fertnstert.2021.02.006

VOL. 115 NO. 5 / MAY 2021
first baby born using this technology
was reported in 1999 (2). Nonetheless,
the existing protocols still had to be
improved, and it was years later
when publications with consistent re-
sults started to appear (3) as a conse-
quence of the emergence of more
refined vitrification protocols (4).

The successful use of vitrified oo-
cytes in ovum donation (5, 6) has
greatly contributed to the development
of egg banking, which might soon go
beyond donation programs to be
applied in other indications. Available
evidence of the safety of the technique,
confirmed by the lack of increase in
adverse obstetric and perinatal out-
comes in in vitro fertilization (IVF) cy-
cles using vitrified oocytes, has also
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contributed to the advancement of
this approach (7–9). As a result,
oocyte vitrification is currently being
used in different clinical situations in
assisted reproduction (AR). In this
context, it has been applied to build
larger cohorts of poor responders (6, 10)
or help increase the number of euploid
blastocysts in preimplantation genetic
testing for aneuploidy cycles (11, 12).
The vitrification of oocytes or
embryos is also useful when delay in
fresh embryo transfer has been
recommended because of a high risk
of hyperstimulation syndrome (13).
Egg banking of autologous gametes is
also useful when the number of
oocytes to inseminate is limited by
legal restrictions (14) or even personal
choices. The strategy also helps to
solve unexpected situations in which
the partner’s semen sample is not
available.

Although oocyte vitrification has
been useful in all these situations,
which are likely to occur regularly in
AR, the technique of preservation of
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the female gamete was initially conceived as a strategy to
safeguard the reproductive potential of patients whose future
fertility was threatened by medical conditions, such as cancer
or other diseases (15). Ovarian damage, which leads to infer-
tility, is a frequent adverse effect of chemotherapy; so, FP is
increasingly being offered, before the initiation of oncolog-
ical treatment, to women diagnosed with cancer. Although
mature oocyte vitrification is currently the most widely
applied strategy for FP in patients with cancer (16), this option
is not useful in prepubertal patients, to whom ovarian cortex
cryopreservation should be offered. The usefulness of FP is
not limited only to patients with cancer but is also of great
help in other pathologies in which the ovarian reserve is
threatened, either by the disease itself or, iatrogenically, by
the necessary treatment. In these cases, an intervention to
safeguard gametes for future use is required to maintain the
fertility potential. Hence, the other potential candidates for
FP are women diagnosed with ovarian endometriosis (17).
This disease is known to compromise the ovarian function,
which is why it is strongly associated with infertility in
different scenarios, including natural conception, intrauter-
ine insemination, and assisted reproductive technology (18).
Endometriosis leads to a chronic systemic inflammatory pro-
cess and predisposition to anatomic, tubal, and ovulatory
changes; it is present in up to 50% of infertile couples (19).
This is why FP is being increasingly proposed to these patients
to counteract endometriosis-related infertility, safeguarding
their reproductive chances by vitrifying their oocytes for
future use (20). Furthermore, patients diagnosed with ovarian
endometrioma frequently need repetitive conservative sur-
gery for the ovaries, which can also lead to premature ovarian
failure by diminishing the ovarian reserve, which, in turn, re-
sults in pregnancy rates being reduced almost by half after a
primary surgery (21). Therefore, patients with endometriosis
are the perfect candidates for FP.

Another relevant branch of FP is known as elective
fertility preservation (EFP) or FP to postpone parenthood.
This alternative represents a great step forward in AR and
has been one of the most relevant contributions to this field
of medicine in recent years. Because of the potential role of
EFP in modern society, it has even been compared to the ef-
fect, back in the days, of the appearance of a contraceptive
pill. An increasing number of women in modern societies
are delaying childbearing beyond their reproductive age.
The lack of a partner is one of the most common reasons
for choosing EFP (22). Additionally, EFP aids with women’s
emancipation by giving them the chance to focus on their
career or other goals in life apart frommotherhood, providing
them with the opportunity to become pregnant in the future,
whenever they wish, using their own gametes (23). The cur-
rent evidence is helpful in clarifying the efficiency and, there-
fore, the true potential of this alternative (24).

This review focuses on the currently available evidence of
the results of the use of mature oocyte vitrification as a strat-
egy for FP in different populations, including patients with
cancer, for medical reasons other than cancer, such as endo-
metriosis, and in women who electively vitrified their oocytes
for EFP, with special focus on the main factors related to suc-
cess in all the different populations.
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FP IN ONCOLOGICAL PATIENTS
Although there is evidence of successful outcomes after
mature oocyte vitrification (3, 25), the current proportion of
women diagnosed with cancer who are offered or at least
informed of this option for FP remains small. Currently, the
literature offers little evidence of the clinical outcomes of
women who opt for oncological fertility preservation (onco-
FP). This may be because the population that decides on this
option is not very large yet even though oocyte vitrification
as an option for safeguarding fertility in oncological patients
has been available for slightly over 10 years. In fact, a large
study published in 2018 showed that of all oocyte vitrification
procedures within the Instituto Valenciano de Infertilidad
network, 2% were performed in the context of onco-FP (26).
Likewise, the population of women returning to use their oo-
cytes was still very low. In the same publication, which, to the
best of our knowledge, is the largest report published to date
on the use of vitrified oocytes after onco-FP, the return rate in
the oncological group was only 7.2% (26).

The first live birth documented was achieved in 2007 us-
ing the slow-freezing method (27). A woman with Hodgkin
lymphoma was offered the option of freezing mature oocytes
before chemotherapy. A year later, the birth of healthy twins
was also reported with the use of the slow-freezing method in
an ovariectomized patient with borderline cancer (28).

Once oocyte vitrification was established as a successful
method, it was accepted as a viable option for FP by interna-
tional societies (29, 30) and became the method of choice for
the preservation of the female gamete (31). A summary of the
oocyte survival rates and clinical outcomes in patients with
cancer and other populations is shown in Table 1 (32–42).
The first case, reported in Europe, of a pregnancy after FP
using oocyte vitrification was achieved in a woman
diagnosed with atypical medullar breast cancer who
initially had cryopreserved ovarian cortex tissue before
chemotherapy (32). Subsequent to the grafting of the
cryopreserved tissue, 16 mature oocytes were vitrified after
4 stimulation cycles. The patient gave birth to healthy
twins. The cryotop method, initially introduced in the early
2000s (4), was employed in this study and has become one
of the most widely applied methods in routine practice. A
year later, Kim et al. (33) reported the birth of the first baby
born after oocyte vitrification in a patient with chronic
myeloid leukemia after 9 years of storage. Nonetheless, they
used electron microscope grids for vitrification, which are
no longer used in clinical practice because of technical
difficulties involved.

In 2013, another study reported clinical data on 4 women
with cancer who had vitrified their oocytes for FP and re-
turned to use them; the birth of a healthy boy was reported
(34). In this series, a total of 340 (71.5%) of 475 women diag-
nosed with cancer opted for oocyte vitrification. An inter-
esting aspect of this study was that it also provided results
of ovarian response and parameters of controlled ovarian
stimulation in patients with cancer. The mean (�SD) number
of metaphase II (MII) oocytes retrieved per patient was 8.5 �
6.4 even though patients with hormone-sensitive tumors were
given a lower total dose of gonadotropins. A great majority of
VOL. 115 NO. 5 / MAY 2021
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the oncological patients included in this study were diagnosed
with breast cancer (67%), which is why the use of letrozole, an
aromatase inhibitor, was indicated for ovarian stimulation in
patients with hormone-sensitive tumors (43). Consequently,
the mean estradiol levels were lower in the onco-FP group.
Another study published in 2018 showed that both the num-
ber of retrieved andMII-vitrified oocytes were lower when the
group of patients with cancer receiving letrozole was
compared with patients affected by other types of cancer
who were stimulated using an antagonist protocol (26). None-
theless, the same study showed that the overall ovarian
response was not impaired in patients with cancer when
compared with patients in the nononcological EFP group
(number of MII-vitrified oocytes per patient ¼ 9.5 � 2.6 vs.
9.8 � 6.4, respectively; not significant). Indeed, when calcu-
lated per cycle, the number of oocytes was higher in the onco-
FP group (8.7 � 6.9 vs. 7.3 � 5.6; P< .05), most probably
because the patients with cancer were significantly younger
than the women in the EFP group. The evidence of ovarian
response in patients with cancer is still contradictory:
there are studies that showed an unaltered ovarian response
(44–47), whereas others reported a compromised ovarian
reserve when patients with cancer were compared with age-
matched controls (48). Some investigators have suggested a
relationship between the type of cancer and ovarian response
to controlled ovarian stimulation (COS), showing lower
oocyte retrieval level in patients with breast cancer (49),
whereas other studies have suggested a compromise in the
ovarian response because of BRCA mutations (50, 51).

Another publication reported that a 28-year-old woman
diagnosed with invasive mucinous ovarian carcinoma, whose
vitrified oocytes were stored before fertility-sparing surgery
with uterus preservation, gave birth to a healthy boy (35).
That same year, other investigators reported successful deliv-
ery in a patient who had overcome breast cancer and had 28
MII oocytes vitrified for FP (36). In this study, the patient re-
turned 6 years later seeking IVF treatment with these oocytes.

A subsequent report (37) included an update of a publica-
tion by Garcia-Velasco et al. (34) in 2013. In this publication,
11 patients returned to be treated with their vitrified oocytes
(return rate¼ 3.1%) after a period ranging from 6months in a
womanwith endometrial carcinoma to 5 years in women with
breast cancer (mean storage time¼ 2.5 years). All the women
underwent embryo transfer (mean no. of embryos transferred
¼ 1.8 � 0.7), and fetal heartbeat was confirmed in 4 of them
(clinical pregnancy rate ¼ 36.4%). The 4 women delivered at
39.5 � 0.5 weeks of gestation. Favorable obstetric outcomes
and no birth defects were observed in the 4 babies born
(mean weight ¼ 3,115 � 346.5 g). This confirmed previous
observations regarding the absence of adverse obstetric and
perinatal outcomes after oocyte vitrification compared with
cycles using fresh oocytes (7, 8). In 2016, Perrin et al. (38) re-
ported the first live birth in France after FP in an oncological
patient who had her oocytes vitrified before the treatment of a
grade-IV Hodgkin lymphoma.

Based on the report of the first baby conceived using vitri-
fied oocytes for FP from 2007 (27) to 2018 (26), most of the
studies reporting clinical data on the use of vitrified oocytes
in onco-FP, including live birth rates, have been case reports.
1093
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The study published by Cobo et al. (26), the largest to date,
included 1,073 women (1,172 vitrification cycles) diagnosed
with cancer and 5,289 women (7,044 vitrification cycles)
who chose EFP because of age-related fertility decline. This
report assessed ovarian stimulation and IVF parameters in
all the members of both the populations who opted for FP
as well as clinical outcomes for women of both the groups
who returned to attempt pregnancy. The study also analyzed
factors related to success rates. Most patients (64.6%) in the
onco-FP group were diagnosed with breast cancer, followed
by women with Hodgkin (11.6%) and non-Hodgkin lym-
phoma (5.2%). The mean age at the time of oocyte retrieval
was 32.3 � 3.5 years, and the mean number of oocytes
retrieved per patient was 8.7 � 6.9. After a mean storage
time of 4.1 � 0.9 years, 80 women came back to use their
stored oocytes. The oocyte survival rate was 81.8%, and after
transferring a mean number of 1.4� 0.1 embryos, the clinical
and ongoing pregnancy rates were 41.4% and 31%, respec-
tively. A total of 25 healthy babies were born, including sec-
ond transfers of surplus embryos stored after fresh transfers.

A study published a year later reported the outcomes of 11
women who returned to attempt a pregnancy (return
rate ¼ 4.3%) (40). This study reflected 18 years of experience
in a tertiary referral center; so, both the slow-freezing and
vitrification methods were used for cryopreservation.

When analyzing the results of assisted reproductive tech-
nology, it is of utmost relevance to consider the age of the pa-
tient. The study considering both populations, onco-FP and
EFP, showed that significantly older age in the latter was
behind the lower oocyte yield observed in this group (26).
FIGURE 1

Kaplan-Meier plot of cumulative probability of live birth for patients who un
number of oocytes used. Overall comparisons (log rank [Mantel-Cox], Bre
differences in both age groups, with P ¼ .889, .749, and .882, respectiv
respectively, for older women (B). EFP ¼ elective fertility preservation
onco-FP ¼ oncological fertility preservation.
Cobo. FP results—elective and medical reasons. Fertil Steril 2021.
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However, despite this result, the implantation rate was signif-
icantly lower in the group of patients with cancer (32.6% vs.
42.5%). Furthermore, when comparisons were made with age-
matched groups, the differences became even more signifi-
cant: the oocyte survival rate (91.4% vs. 81.2%), clinical
pregnancy rate (65.9% vs. 42.8%), and cumulative live birth
rate (CLBR; 68.8% vs. 42.1%) were strongly impaired in the
onco-FP and EFP groups with patients aged %35 years.
This finding, and the assumption made by others that cancer
is a systemic condition, allowed the hypothesis that an under-
lying disease in the onco-FP group can probably impair
reproductive outcome. However, the effect of the sole pres-
ence of cancer on oocyte survival and CLBR was not statisti-
cally confirmed (26). Conversely, a strong effect of age was
shown: the odds ratio for oocyte survival was 1.922 (95%
confidence interval ¼ 1.274–2.900; P ¼ .025). In addition,
the odds ratio adjusted to consider the COS parameters did
not show a relationship between COS and oocyte survival or
CLBR. Most likely, in this study, despite the poorer outcome
in the onco-FP group, no association between the indication
and result could be statistically proven because of the small
sample size of the group of patients with cancer who returned
to use their oocytes after FP. Further larger studies will be
needed to elucidate this issue. On the other hand, if the pa-
tients included in the sample analyzed had been treated
with radiotherapy, the possible impact on the endometrium
might have affected implantation. The combined association
of indication and age with oocyte survival and CLBR was also
observed in a different publication (52). The effect of age on
CLBR in 3 different populations is shown in Figure 1 and
derwent EFP (blue), endo-FP (red), and onco-FP (green) according to the
slow [generalized-Wilcoxon], and Tarone-Ware) showed no statistical
ely, for women aged %35 years (A) and P ¼ .169, .236, and .249,
; endo-FP ¼ fertility preservation in patients with endometriosis;

VOL. 115 NO. 5 / MAY 2021
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Table 2. The results were similar in the patients of the onco-
FP, EFP, and endometriosis (endo-FP) groups when they
used the same number of oocytes in age-matched groups,
thus revealing age as one of themost powerful factors impact-
ing the final outcome (CLBR).

FP FOR MEDICAL REASONS OTHER THAN
CANCER: PATIENTS WITH ENDOMETRIOSIS
Endometriosis poses severe threats to the ovarian reserve, mak-
ing these patients suitable candidates for FP. Despite the
obvious advantages of offering FP to women with this disease,
thewidespread use of FP is still the subject of some debates (20).
The discussion revolves mainly around the limited information
regarding the efficiency of FP in this particular population and
lack of evidence of the quantity and quality of the oocytes
retrieved. However, above all, most uncertainties are related
to cost-effectiveness because systematically offering FP to pa-
tients with endometriosis might have a dramatic effect on pub-
lic health (20). This issue was also recently highlighted as one of
theweaknesses of the strengths, weaknesses, opportunities, and
threats analysis approach (53). Hence, it is essential to select the
best candidates among patients with endometriosis to offer
them the option to safeguard their fertility. This group could
include patients with recurrent endometriosis who are at a
high risk of postoperative ovarian impairment or cases inwhich
spontaneous conception is unlikely after ovarian surgery. On
the other hand, the strengths, weaknesses, opportunities, and
threats analysis concluded that the evidence of comparable
TABLE 2

Cumulative live birth rate and 95% CI according to the number of oocytes
years (A) and >35 years (B).

A.

EFP Endo-

n [ 123 n [ 2

No. of oocytes CLBR (95% CI) No. of oocytes

3 5.1 (0.7–9.4) 3
5 15.8 (8.4–23.1) 5
8 32.0 (22.1–41.9) 8
10 42.8 (31.7–53.9) 10
15 69.8 (57.4–82.2) 15
20 77.6 (64.4–90.9) 20
24 94.4 (84.3–100.4) 22

B.

EFP Endo-F

n [ 518 n [ 22

No. of oocytes CLBR (95% CI) No. of oocytes

3 5.9 (3.6–8.3) 3
5 17.3 (13.3–21.3) 5
8 17.3 (13.3–21.3) 8
10 25.2 (20.2–30.1) 10
15 38.8 (32.0–45.6) 15
20 49.6 (40.7–58.4) 19
Note: CI¼ confidence interval; CLBR¼ cumulative live birth rate; EFP ¼ elective fertility preservation
preservation.

Cobo. FP results—elective and medical reasons. Fertil Steril 2021.
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results between IVF cycles conducted using vitrified versus
fresh oocytes in other populations, such as oocyte donors, is
one of the strengths of oocyte vitrification for FP in patients
with endometriosis (53). Preserving oocytes at a young age,
before the ovarian reserve is severely impacted, was discussed
as one of the advantages of the approach among other aspects,
whereas the psychological impact and lack of information
regarding oocyte survival rates and IVF outcomes in patients
with endometriosis were listed among the potential threats (53).

There are very few reports on the use of FP in endometri-
osis. A case report published in 2009 described a single
25-year-old woman with symptomatic endometriosis who
underwent 4 surgical interventions, including unilateral
oophorectomy, and COS before further treatment (54).
Twenty-fivemature oocytes were vitrified after 3 COS proced-
ures. The patient has not yet returned to attempt pregnancy
using her vitrified oocytes. A second publication, published
in 2018, reported a retrospective analysis of 70 COS proced-
ures performed on 49 patients with endometriosis to vitrify
their oocytes for FP (55). They analyzed the data based on
the presence of endometrioma, a history of cystectomy, and
the presence of deep infiltrating endometriosis. The mean
age of the patients was 33.9 � 4.5 years, and the mean anti-
m€ullerian hormone serum levels and antral follicle counts
were 2.3 � 1.8 ng/mL and 13.0 � 10.4 follicles, respectively.
The most remarkable finding of this report is that the param-
eters reflecting the number of oocytes retrieved and vitrified
were significantly lower in patients reporting previous
used in each case of EFP, endo-FP, and onco-FP in patients aged £35

FP Onco-FP

60 n [ 42

CLBR (95% CI) No. of oocytes CLBR (95% CI)

4.7 (2.3–7.2)
11.5 (7.5–15.7) 5 9.1 (�0.7–19)
28.1 (22.0–34.3) 8 35.8 (14.3–57.2)
41.8 (34.7–48.9) 10 42.9 (19.7–66.1)
69.4 (61.4–77.4) 12 61.9 (35.4–88.5)
90.8 (80.4–101.2)
95.4 (87.2–103.6)

P Onco-FP

5 n [ 38

CLBR (95% CI) No. of oocytes CLBR (95% CI)

4.8 (1.9–7.7)
10.6 (6.4–15.0) 4 11.1 (�0.8–23.1)
18.7 (12.7–24.9) 9 29.3 (3.7–54.8)
24.3 (16.9–31.7) 10 43.4 (11.3–75.3)
46.9 (34.4–59.4)
59.2 (43.4–75.2)

; endo-FP¼ fertility preservation in patients with endometriosis; onco-FP¼ oncological fertility
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cystectomy when compared with those without ovarian sur-
gery, which highlights the importance of preoperative FP
counseling in young women with severe endometriosis (55).

A recent study (42) was very well received because it
helped clarify the uncertainties related to the potential of
vitrified oocytes for FP in patients with endometriosis and
their reproductive chances with the approach and shed
some light on factors related to success (56). The study
included 485 women diagnosed with endometriosis who re-
turned to use their oocytes after 1.7 � 0.4 years of storage
for FP and reported the birth of 225 healthy babies (42). A
great majority (97.7%) of the patients had stages III–IV of
the disease. These women were aged 35.7 � 3.7 years at the
time of oocyte retrieval; a mean of 9.4 � 6.7 oocytes were
retrieved, and 5.5 � 5.2 MII oocytes were vitrified per patient
and per cycle (mean vitrification cycles ¼ 1.7 � 1.1). These
figures already reflect a compromise of the ovarian reserve
when compared with that of healthy responders. The overall
oocyte survival rate was 83.2%, but it was significantly lower
when analyzed by age (85.1% in patients aged% 35 years vs.
80.8% in patients aged >35 years, P< .05). Moreover, age
(%35 years vs 35 years) had a negative effect on not only
this parameter but also the number of retrieved and vitrified
oocytes, embryo quality, and clinical outcomes, including
CLBR per patient (61.4% vs 28.4%). These findings were
somewhat expected because age is one of the most powerful
confounders in AR, and patients with endometriosis are no
exception.

The study also addressed the issue of ovarian response
and clinical outcomes in patients who have undergone cys-
tectomy before opting for oocyte vitrification for FP. Perhaps
FIGURE 2

Kaplan-Meier plot of cumulative probability of live birth for patients who un
an endometrioma (red), endo-FP who did not undergo surgery (dark blue),
comparisons (log rank [Mantel-Cox], Breslow [generalized-Wilcoxon], and
years (A) (P ¼ .752, .556, and .675, respectively) and women aged >35 y
preservation; endo-FP ¼ fertility preservation in patients with endometrios
Cobo. FP results—elective and medical reasons. Fertil Steril 2021.
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the most remarkable finding of this study has to do with the
effect of age in the surgical group: CLBR was significantly
higher in young (%35 years), nonoperated patients (72.5%)
compared with that in age-matched operated ones (42.8%).
So, perhaps the most useful observation in this study is that
women diagnosed with endometrioma and a history of cys-
tectomy at a young age should consider oocyte retrieval
and FP before surgery. Figure 2 and Table 3 shows CLBR in
3 different populations according to age: EFP patients, onco-
logical patients, and patient with endometriosis who under-
went ovarian surgery before FP or not; it revealed that with
the use of the same number of oocytes, the results were com-
parable in the young group, thus suggesting that the impact of
surgery on the ovarian reserve is quantitative rather than
qualitative. Similar findings are shown in the Figure 3 and
Table 4, in which the group of surgical patients with endome-
triosis was subdivided based on whether the surgery was uni-
lateral or bilateral.

Interestingly enough, that does not seem to be the trend in
the clinical management of these patients. In the study we are
currently referring to (42), most of the young women who
came to the fertility center seeking FP had already been oper-
ated on somewhere else, indicating that the main priority
when managing patients in need of surgical treatment for en-
dometrioma is to go ahead with surgery, without considering
oocyte retrieval for FP before the intervention, to forestall its
adverse effect on the ovarian reserve. Thus, the worse repro-
ductive prognosis observed in young surgical patients, despite
their young age, is somewhat expected because of the
compromise of the ovarian reserve in addition to the fact
that oocyte quality is also likely to be compromised (57, 58).
derwent EFP (blue), endo-FP who underwent ovarian surgery to remove
and onco-FP (green) according to the number of oocytes used. Overall
Tarone-Ware) showed no statistical differences for women aged %35
ears (B) (P ¼ .029, .065, and .053, respectively). EFP ¼ elective fertility
is; onco-FP ¼ oncological fertility preservation.
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TABLE 3

Cumulative live birth rate and 95% CI according to the number of oocytes used in each case of EFP, endo-FP operated and nonoperated, and
onco-FP in patients aged £35 years (A) and >35 years (B).

A.

EFP Endo-FP operated Endo-FP nonoperated Onco-FP

n [ 123 n [ 140 n [ 120 n [ 42

No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95 %CI)

3 5.1 (0.7–9.4) 3 3.7 (0.5–6.7) 4 4.5 (0.7–8.5)
5 15.8 (8.4–23.1) 5 9.4 (4.3–14.4) 5 7.4 (2.5–12.3) 5 9.1 (�0.7–19)
8 32.0 (22.1–41.9) 8 26.9 (18.5–35.4) 8 23.1 (14.8–31.4) 8 35.8 (14.3–57.2)
10 42.8 (31.7–53.9) 10 40.7 (51.1–75.3) 10 36.9 (27.1–46.8) 10 42.9 (19.7–66.1)
15 69.8 (57.4–82.2) 14 63.2 (51.1–75.3) 15 66.5 (55.8–77.2) 12 61.9 (35.4–88.5)
20 77.6 (64.4–90.9) 20 83.3 (65.7–100.8) 19 80.9 (68.7–93.3)
22–24 94.4 (84.3–100.4) 3.7 (0.5–6.7) 22 85.7 (73.5–97.9)

B.

EFP Endo-FP operated Endo-FP nonoperated Onco-FP

n [ 518 n [ 92 n [ 133 n [ 38

No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95% CI)

3 5.9 (3.6–8.3) 3 6.1 (0.9–11.2) 3 4.1 (0.6–7.7) 4 11.1 (�0.8–23.1)
5 17.3 (13.3–21.3) 5 14.3 (6.4–22.1) 6 10.7 (4.9–16.5)
8 17.3 (13.3–21.3) 7 22.8 (12.7–32.8) 8 16.6 (8.8–24.4) 9 29.3 (3.7–54.8)
10 25.2 (20.2–30.1) 10 32.6 (19.0–46.8) 11 29.9 (18.1–41.7) 10 43.4 (11.3–75.3)
15 38.8 (32.0–45.6) 14 59.6 (38.7–80.5) 15 44.6 (26.7–62.4)
20 49.6 (40.7–58.4) 16 67.7 (45.8–89.6) 19 64.4 (38.8–89.9)
Note: CI¼ confidence interval; CLBR¼ cumulative live birth rate; EFP ¼ elective fertility preservation; endo-FP¼ fertility preservation in patients with endometriosis; onco-FP¼ oncological fertility
preservation.

Cobo. FP results—elective and medical reasons. Fertil Steril 2021.

FIGURE 3

Kaplan-Meier plot of cumulative probability of live birth for patients who underwent EFP (blue), endo-FP who underwent unilateral (red) or bilateral
(purple) ovarian surgery to remove endometrioma, endo-FP who did not undergo surgery (dark blue), and onco-FP (green) according to the number
of oocytes used. Overall comparisons (log rank [Mantel-Cox], Breslow [generalized-Wilcoxon], and Tarone-Ware) showed no statistical differences
in women aged %35 years (A) (P ¼ .331, .490, and .448, respectively) and women aged >35 years (B) (P ¼ .059, .117, and .102, respectively).
EFP ¼ elective fertility preservation; endo-FP ¼ fertility preservation in patients with endometriosis; onco-FP ¼ oncological fertility preservation.
Cobo. FP results—elective and medical reasons. Fertil Steril 2021.
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TABLE 4

Cumulative live birth rate and 95%CI according to the number of oocytes used in each case of EFP; endo-FP women who underwent unilateral or bilateral surgery or did not undergo surgery; and onco-
FP in patients aged £35 years (A) and >35 years (B).

A.

EFP Endo-FP unilateral surgery Endo-FP bilateral surgery Endo-FP nonoperated Onco-FP

n [ 123 n [ 83 n [ 57 n [ 120 n [ 42

No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95% CI)

3 5.1 (0.7–9.4) 3 5.0 (0.2–9.7) 3 8.7 (1.3–8.7) 4 4.5 (0.7–8.5) -
5 15.8 (8.4–23.1) 5 14.2 (6.4–21.9) 5 18.6 (1.7–18.6) 5 7.4 (2.5–12.3) 5 9.1 (�0.7–19)
8 32.0 (22.1–41.9) 8 24.6 (14.6–34.5) 8 53.9 (23.2–53.9) 8 23.1 (14.8–31.4) 8 35.8 (14.3–57.2)
10 42.8 (31.7–53.9) 10 39.1 (26.4–51.7) 10 66.6 (32.7–66.6) 10 36.9 (27.1–46.8) 10 42.9 (19.7–66.1)
15 69.8 (57.4–82.2) 14 57.4 (42.0–72.7) 14 92.3 (58.8–92.3) 15 66.5 (55.8–77.2) 12 61.9 (35.4–88.5)
20 77.6 (64.4–90.9) 20 71.6 (46.6–96.5) 17 100.9 (66.5–100.9) 19 80.9 (68.7–93.3) -
22–24 94.4 (84.3–100.4) 22 85.7 (73.5–97.9) -

B.

EFP Endo-FP unilateral surgery Endo-FP bilateral surgery Endo-FP nonoperated Onco-FP

n [ 518 n [ 68 n [ 24 n [ 133 n [ 38

No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95% CI) No. of oocytes CLBR (95% CI)

3 5.9 (3.6–8.3) 3 4.8 (0.5–10.1) 3 9.8 (3.1–22.8) 4 4.5 (0.7–8.5) 4 11.1 (�0.8–23.1)
5 17.3 (13.3–21.3) 6 19.3 (8.9–29.7) 6 24.9 (3.0–46.8) 5 7.4 (2.5–12.3)
8 17.3 (13.3–21.3) 7 33.2 (8.4–58.1) 8 23.1 (14.8–31.4) 9 29.3 (3.7–54.8)
10 25.2 (20.2–30.1) 10 33.4 (16.5–50.3) 10 36.9 (27.1–46.8) 10 43.4 (11.3–75.3)
15 38.8 (32.0–45.6) 14 70.4 (45.7–95.1) 16 55.4 (16.2–94.7) 15 66.5 (55.8–77.2)
20 49.6 (40.7–58.4) 19 80.9 (68.7–93.3)

22 85.7 (73.5–97.9)
Note: CI ¼ confidence interval; CLBR ¼ cumulative live birth rate; EFP ¼ elective fertility preservation; endo-FP ¼ fertility preservation in patients with endometriosis; onco-FP ¼ oncological fertility preservation.

Cobo. FP results—elective and medical reasons. Fertil Steril 2021.
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Additionally, evidence collected regarding patients undergo-
ing EFP showed that the number of oocytes available in com-
bination with age is closely related to CLBR (26). Therefore, if
a patient with endometriosis, despite being young, yields few
oocytes, lower success rates are expected. In addition, women
diagnosed with endometriosis at a young age may have a
greater risk of recurrence (59), and because they are not ex-
pected to seek motherhood in a short-to-medium term, advice
on FP is strongly encouraged.

In patients aged >35 years, cystectomy had no effect on
the success rates, suggesting tailored management in this
group. According to the data published by Cobo et al. (42)
in 2020, FP in older women might not be as effective, regard-
less of whether they underwent surgery. This contradicts other
investigators who have recommended FP in poor-prognosis
patients with endometriosis (20).
EFP FOR AGE-RELATED FERTILITY DECLINE
Elective FP has led to a revolution in not only the social
domain but also the field of reproductive medicine because
it has provided practitioners with the opportunity to offer
improvement in the autonomy of many women in their deci-
sion to become mothers. In the modern society, many women
are delaying pregnancy beyond the younger years of child-
bearing because of not only professional aspirations but
also voluntary childlessness, which can be permanent or, as
is more frequently observed, temporary. Unfortunately,
sometimes, when women change their mind and decide to
start trying to get pregnant, it is too late because the constant
ticking of the biological clock inevitably leads to natural
depletion of the ovarian reserve. There are numerous articles
analyzing different aspects of EFP related to social and demo-
graphic characteristics, ethics, and motivations and percep-
tions of women who decide to electively safeguard their
fertility for the future. One study analyzing the cost-
effectiveness issues of the approach is also available (60).
However, very few publications have reported results after
the use of vitrified oocytes for age-related fertility decline,
which is the scope of the current review.

To our knowledge, the first report providing clinical
data, including live births after EFP using vitrified oocytes,
was published in 2013 (34). The investigators described their
experience of storing oocytes during a course of 5 years for
EFP and patients with cancer (data on the latter has already
been addressed in the present review). The EFP group
included 560 women (mean age ¼ 36.7 � 4.2 years) who
chose FP because of age-related fertility decline (90.6%).
Among them, 20 patients returned to attempt pregnancy
with their stored oocytes. The birth of 5 healthy babies
was reported in this study. An update of this data was pub-
lished in 2016, providing a detailed description of the inves-
tigators’ EFP program, including the profile of the women
who had vitrified oocytes for FP, the rate at which they re-
turned to use their oocytes, their clinical outcomes, and
the probability of having a baby according to the number
of oocytes used (24). The study included 1,468 women,
and most of them (n ¼ 1,382) opted for EFP because of
age-related fertility decline (social reasons). Most were
VOL. 115 NO. 5 / MAY 2021
highly educated and single heterosexual women. Among
137 women who returned to use their oocytes, 26 deliv-
eries and 31 babies were reported. Most women decided
on EFP at an advanced age: 16.2% were aged R40 years
at the time of oocyte retrieval, whereas a minority was
<30 years of age (1.9%) (24). As expected, a larger num-
ber of oocytes was either retrieved or vitrified in patients
aged %35 years when compared with the older patients,
and the lowest figures were observed in the group of
the oldest patients aged R40 years. Age also negatively
impacted the rates of oocyte survival (94.6% in those
%35 years vs. 82.4% in those >35 years) and live births
per patient (50% in those %35 years vs. 22.9% in those
>35 years). Moreover, the study also showed that CLBR
worsened dramatically after the age of 40 years (3.7%).
As shown in Figure 1 and Table 2, the cumulative proba-
bility of having a child based on the number oocytes used
per patient showed that 8–10 MII oocytes are needed to
achieve reasonable success in women <35 years (24).
The investigators also suggested that the numbers should
be individualized in older women.

Another report also showed age-related estimates of oo-
cytes leading to live-born children (39). The study group
included EFP cycles as well as other autologous cycles con-
ducted using vitrified oocytes for other reasons. These inves-
tigators suggested cryopreserving 15–20 oocytes for women
<38 years of age to attain a 70%–80% probability of
achieving at least one baby and 25–30 oocytes for women
aged 38–40 years to reach a 65%–75% chance of at least
one baby. These findings were very similar to those reported
1 year later in another study, in which after using 15–20 vitri-
fied oocytes respectively per EFP patient, CLBR was 69.8%
and 77.6% (26). The effect of age on CLBR was also shown
in a later study by a Swedish center, which included data
on 38 women out of 254 women who underwent EFP (return
rate¼ 15%) (41). Cumulative live birth rates of 63%, 26%, and
0% in women aged 36–37, 38–39, andR40 years at the time
of vitrification, respectively, were reported. The study re-
ported a total of 5 babies.

The significantly higher efficiency of EFP in young
women indicates that patients considering oocyte vitrifica-
tion should be counseled to do it earlier; however, some de-
bates have arisen regarding cost-effectiveness because some
analyses have shown that egg banking for FP is more cost-
effective in women <38 years (61, 62).

The joint effect of age and indication was also studied in 3
different populations (52). This analysis showed the outcomes
achieved in oocyte donors, poor responders, and patients un-
dergoing EFP according to 2 age groups (%35 years vs. >35
years). The oocyte survival and clinical outcomes were worse
in young poor responders when compared with those in donor
and EFP age-matched groups. The assumption that donors
and patients undergoing EFP are comparable groups is
acceptable because they are both young healthy women. On
the contrary, poor responders are infertile patients with a
compromised ovarian reserve and high likelihood of having
compromised oocyte quality, which can be responsible for
the poorer outcome achieved in this group despite their young
age. Further evidence of the relationship between the outcome
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and indication for FP, e.g., endometriosis, was also shown, as
discussed earlier in the present review (42).

CLOSING REMARKS
In conclusion, the efficiency of oocyte vitrification for safe-
guarding fertility is currently a consolidated option that can
be offered as a way of forestalling age-related fertility decline
to women at a risk of losing their ovarian function for medical
reasons, such as patients with cancer or women diagnosed
with endometriosis, and to women who wish to delay mother-
hood. Although evidence is still less, currently available
studies show successful outcomes in these 3 populations.
Nonetheless, the results depend on different variables:

� The age of the patient at the time of oocyte retrieval
strongly affects outcomes in all the populations studied.
Patients undergoing EFP and patients with endometriosis
should be counseled to decide for FP at a young age
(%35 years).

� The indication for FP can be related to the success rates
because poorer outcomes are achieved in patients with
endometriosis and cancer; however, the role of the disease
in the latter is yet to be proven.

� In patients with endometriosis, surgical excision of the en-
dometrioma before the collection of oocytes for FP strongly
affects the outcome in younger patients. Therefore, they
should be encouraged to have their oocytes vitrified before
surgery.

� The number of oocytes available, in combination with age,
strongly impacts the live birth rates, with a great increase in
the outcome with few oocytes added, especially at a young
age.

� It is desirable to have 10–15 oocytes available in patients
aged %35 years to achieve reasonable success rates
(CLBR of 40%–70%). This number of oocytes can be
achieved in 1 or 2 COS procedures.

Finally, we think it is mandatory to explain to women
with different indications who opt for FP that oocyte cryo-
storage is not an insurance policy to secure future mother-
hood but a means to increase their chances of having a
biological child.
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