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Cryopreservation of embryos, oocytes, or ovarian tissues is the main option for female fertility preservation. Oocyte cryopreservation
has emerged as especially important: the dramatic increase in the number of infants born from vitrified oocytes indicates that it is be-
coming one of the most important intervention options. However, oocyte cryopreservation with standard controlled ovarian hyperstim-
ulation may not be feasible for some cancer patients as there are serious concerns about the effect of ovarian stimulation with hormones
on the risk of cancer recurrence. Also, urgent gonadotoxic cancer treatment may not allow sufficient time for a patient to undergo hor-
monal ovarian stimulation. Thus, immature oocyte retrieval from ovaries without ovarian stimulation followed by in vitro maturation
and vitrification is a promising fertility preservation option for women who cannot undergo ovarian stimulation or cannot delay their
gonadotoxic cancer treatment. Immature oocytes can be collected from the ovaries during both the follicular and luteal phases, which
maximizes the possibility for fertility preservation. The combination of ovarian tissue cryopreservation with immature oocyte collection
from the tissue followed by oocyte vitrification via in vitro maturation represents another prom-
ising approach of fertility preservation in young women with cancer. (Fertil Steril! 2013;-:
-–-. "2013 by American Society for Reproductive Medicine.)
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O ver the last few decades, the in-
cidence of cancer in females has
increased by up to 20% even as

mortality rates have declined due to
progress in cancer treatments (1). With
aggressive chemotherapy and/or radio-
therapy coupled with bone marrow
transplantation, more than 90% of teen-
age girls and young women affected by
somemalignancieswill survive (2). How-
ever, chemotherapy with alkylating
agents and radiation therapy with a field
that includes the pelvis have an adverse
effect on ovarian reserve, which may
lead to premature ovarian failure (POF)
and infertility (3). The number of cancer
survivors is increasing every year, leav-
ing a growing number of women of re-

productive age faced with the risk of
POFand infertility.Oneof themajor con-
cerns is whether these women will be
able to have healthy children after their
cancer treatment. Therefore, fertility
preservation is an important issue that
should be addressed with women who
are at risk of POF after gonadotoxic che-
motherapy or radiotherapy treatment for
cancer, autoimmune, and hematologic
disorders or potentially sterilizing surgi-
cal procedures. A suggested strategy for
female fertility preservation for cancer
patients has been proposed (12) (Fig. 1).

The clinical options for female fertil-
ity preservation can be divided into two
broad categories: surgical interventions
and cryopreservation cells/tissues. The

surgical procedures include ovarian
transposition inpatientswho require pel-
vic irradiation (4), and radical trachelec-
tomy (5) for selected low-grade and early
stage cancer patients, such as those with
cervical, endometrial, or epithelial ovar-
ian cancer (6, 7). Female patients have
three main cryopreservation options for
fertility preservation: embryos, oocytes,
and/or ovarian tissues. The American
Society of Clinical Oncology (ASCO) (8)
and American Society for Reproductive
Medicine (ASRM) (9) have published
guidelines for female fertility
preservation before gonadotoxic
oncologic treatment, both indicating
that embryo cryopreservation is the
only viable strategy at present.

Embryo production involves ovar-
ian stimulation with gonadotropin fol-
lowed by retrieval of mature oocytes
and in vitro fertilization (IVF) using
sperm from a male partner or donor,
which may need several weeks for prep-
aration. The window of opportunity for
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fertility preservation is small. Ovarian stimulationwith follicle-
stimulating hormone (FSH) may not be suitable for some
patients who cannot delay their cancer treatment. Therefore,
embryo cryopreservation may not be a feasible option for
many cancer patients. Also, embryo cryopreservation is not
a feasible option for women who lack a male partner or those
who object to the use of donor sperm. Furthermore, embryo
cryopreservation is excluded for prepubertal girls who are at
risk of POF, for whom cryopreservation of ovarian tissues is
the only method of fertility preservation. Although there
have been several successful live births after ovarian tissue
cryopreservation and orthotopic transplantation (10, 11), the
procedures still are considered experimental (9).

Oocyte cryopreservation may be considered an important
option for female fertility preservation. Normally, oocyte
cryopreservation involves ovarian stimulation, mature oocyte
retrieval, and cryopreservation. However, oocyte cryopreser-
vation with the standard ovarian stimulation procedure may
not be feasible for some cancer patients. Immature oocyte re-
trieval from the ovaries without prior ovarian stimulation fol-
lowed by in vitro maturation (IVM) and cryopreservation is
a promising fertility preservation option for women who can-
not undergo hormonal ovarian stimulation or who cannot de-
lay their gonadotoxic cancer treatment.

PROBLEMS WITH HORMONAL OVARIAN
STIMULATION IN SOME CANCER PATIENTS
Breast cancer remains the most common cancer in women,
representing approximately 30% of all female cancers (13).
A risk of breast cancer is associated with persistently elevated
blood estrogen levels. Ovarian stimulation using FSH causes
a state of high estrogen concentrations in serum (14), so the

safety of ovarian stimulation with FSH in breast cancer pa-
tients is a primary concern, especially in women who have
estrogen-positive breast cancer.

Although the special stimulation protocol with the combi-
nation of letrozole and low-dose FSH has been applied to ovar-
ian stimulation in breast cancer patients (15, 16), the effect of
a temporary increase in the level of estrogen in serum is an
increased risk of breast cancer recurrence. Recent findings
also suggest that there is an indirect mitogenic effect of
estrogen on hormone receptor-negative breast cancer (17). In
addition, other oncologic or nononcologic diseases such as sys-
temic lupus erythematosus, desmoids tumors, or severe endo-
metriosis are also considered to be estrogen sensitive (18).

The influence of the level of estrogen elevation on some
cancer patients remains unclear and controversial. It has
been suggested that, if possible, avoiding the elevation of es-
trogen concentrations to supraphysiologic levels is a good op-
tion for fertility preservation in breast cancer patients,
regardless of their estrogen receptor status (19). As a result,
immature oocyte retrieval followed by IVM and cryopreserva-
tion has been proposed as a safer alternative (20). The advan-
tages of this method for fertility preservation are that the
patients are not exposed to elevated estrogen levels and that
the treatment can be completed in a shorter period of time
compared with the standard protocols of ovarian stimulation
for oocyte or embryo cryopreservation.

DEVELOPMENT OF IVM AS INFERTILITY
TREATMENT
The first live birth from human IVF was produced from natu-
ral cycle IVF without ovarian stimulation (21). Later, natural
cycle IVF was slowly replaced by ovarian stimulation IVF
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because it was believed that the number of oocytes retrieved
relates to the number of embryos available to transfer, thus
directly affecting the chance of a successful pregnancy (22–
24). In the beginning, relatively inexpensive medication
such as clomiphene citrate was used to stimulate the ovaries
to produce multiple follicles. However, current ovarian
stimulation protocols use expensive gonadotropin-releasing
hormone (GnRH) agonists or antagonists in combination
with FSH for ovarian stimulation. Some women are very sen-
sitive to stimulation with exogenous gonadotropins and are at
increased risk of developing ovarian hyperstimulation syn-
drome (OHSS). Also, there is anxiety that the long-term side
effects of repeated ovarian stimulation may increase the
risk of ovarian, endometrial, and breast cancers (25).

It is interesting that the initial reports of pregnancies from
in vitro matured oocytes were from stimulated cycles where
the immature oocytes retrieved were followed by IVM and
IVF (26, 27), and the morphologically immature and mature
oocytes had been retrieved from the stimulated cycle.
Robert Edwards, the pioneer of IVF, believed that recovery
of immature oocytes followed by IVM could be a potentially
useful treatment for women with infertility (28). In
comparison with ovarian stimulation IVF, the major
advantages of IVM treatment can be considered to be
avoidance of the risk of OHSS, reduced cost, and simplified
treatment (29).

IVM of Immature Oocytes from Cesarean Delivery
Human IVF technology was developed with in vitro matured
oocytes derived from surgical wedge resection or oophorec-
tomy materials. In the beginning, although embryos were
produced successfully from the in vitro matured oocytes
(30), it was impossible to perform embryo transfer with the
produced embryos due the nature and source of the immature
oocytes from oophorectomy. A successful live birth from IVM
was reported in 1991 using immature oocytes that had been
collected for an oocyte donation program during a cesarean
delivery (31). An important question is why oocytes derived
from a patient during a cesarean delivery should still have
maturational and developmental potential sufficient to pro-
duce a healthy live birth, as the endocrinologic environment
of the ovaries during pregnancy may not be the same as
that found during a normal menstrual cycle. Subsequently,
it was shown that immature oocytes could be retrieved from
the ovaries regardless of follicular or luteal phase (32), and
that the number of immature oocytes collected was related
mainly to the age of the women, pathology, day of the men-
strual cycle, and cyclic versus noncyclic ovaries. It seems that
the number of immature oocytes collected from the ovary de-
creases as women’s age increases, but there is no statistically
significant difference in oocyte maturation and cleavage rates
among donors in the different age groups (32).

Immature oocytes from the luteal phase have a signifi-
cantly higher maturation rate compared with those collected
from the follicular phase (33). Although a pregnancy resulting
from the fertilization of immature oocytes derived at the time
of a cesarean delivery was confirmed by another report (34),
the oocyte maturation rate seemed relatively low when these

immature oocytes were cultured in vitro (35). Nevertheless, it
has been reported that immature oocytes collected from the
small follicles at cesarean delivery followed by IVM and IVF
can develop to blastocyst stage when the embryos are cocul-
tured with human ampullary epithelial cells (36). Immature
oocytes derived from cesarean delivery followed by IVM
may be an available source for a donor oocyte program.
More research is required to clarify the efficiency and safety
issues surrounding the use of immature oocytes derived
from cesarean delivery.

IVM of Immature Oocytes from Women with PCO
or PCOS
A large number of antral follicles in the ovaries are seen in in-
fertilewomenwith polycystic ovaries (PCO) or polycystic ovary
syndrome (PCOS). These patients are sensitive to ovarian stim-
ulationwith gonadotropins and have an increased risk of OHSS
comparedwithwomenwhohave normal ovaries. Since thefirst
report of a pregnancy in awomanwith anovulatory PCOS after
undergoing IVMand IVF (37), several groups havemade efforts
to develop this treatment for infertile women with PCO or
PCOS. The technique involves modified IVM treatment, with
priming with FSH or human chorionic gonadotropin (hCG) be-
fore immature oocyte retrieval; the current clinical pregnancy
and implantation rates are approximately 35% and 15%, re-
spectively (38). The primary candidates for IVM treatment
were women with PCO or PCOS, regardless of whether they
were in ovulatory or anovulatory cycles (37), and the preg-
nancy rates after IVF or IVM treatment correlated with the
number of oocytes retrieved.

Priming with FSH before immature oocyte retrieval. As an
alternative approach, a truncated course of ovarian stimulation
with FSH before immature oocyte retrieval has been used, indi-
cating that FSHpretreatmentpromotes efficient recoveryof im-
mature oocytes and maturation in vitro for infertile women
with PCOS (39). It has been reported that primingwith recombi-
nant FSH before the harvesting of immature oocytes from pa-
tients with PCOS improves the maturational potential of the
oocytes, with significantly higher implantation and pregnancy
rates compared with women who did not have FSH priming
(40). However, another report indicated that FSH priming
with 75 IU/day for 6 days in combination with hCG priming
36 hours before immature oocyte retrieval had no additional
benefit in women with PCOS (41). Although these results are
conflicting on the benefits of using primed follicles for IVM
in women with PCO or PCOS associated with irregular men-
strual cycles, theoretically the use of FSH priming of follicles
at the beginning of the luteal or follicular phases is likely to en-
hancemore follicular development.A report has shownthat im-
proved pregnancy and implantation rates (46.7% and 45.2%,
respectively) were obtained in women with PCOS for single-
embryo transfer after primingwithFSHbefore immature oocyte
retrieval, IVM, and intracytoplasmic sperm injection (ICSI) (42).

Priming with hCG before immature oocyte retrieval. It has
been demonstrated that the time course of oocyte maturation
in vitro is hastened and the rate of oocyte maturation is in-
creased by priming with 10,000 IU hCG 36 hours before

VOL. - NO. - / - 2013 3

Fertility and Sterility®



retrieval of immature oocytes from women with PCO or PCOS
(43, 44). Therefore, it is possible that pregnancy rates will
potentially be improved by priming with hCG (45). This
notion was confirmed further by other studies (41, 46–48),
where hCG priming not only promoted the initiation of
some oocytes in their maturation process to metaphase-I
stage from follicles (R10mm in diameter) in vivo but also en-
hanced some oocytes in germinal vesicle (GV) stage from
small follicles to acquire maturational and developmental
competence in vivo. This was because the rate of oocyte mat-
uration starting from the same GV stage was significantly dif-
ferent among cumulus-oocyte complexes (COCs) with
different morphology (49). Priming with hCG before imma-
ture oocyte retrieval for IVM treatment in infertile women
with PCO or PCOS has become a routine procedure in some
clinics, and has achieved promising results in terms of oocyte
maturation, fertilization, and pregnancy rates as well as live
births (38, 50).

Immature Oocytes from Overresponders or
Delayed Responders
Currently, most infertility treatments employ ovulation stim-
ulation protocols to increase the number of oocytes available
for fertilization, but a significant number of these stimulated
cycles must be canceled because of the risk of hyperstimula-
tion or a delayed response of gonadotropin stimulation. Im-
mature oocyte retrieval followed by IVM and IVF may
provide an effective management strategy for such patients,
with no need to cancel the treatment cycle.

It has been reported that a 47.1% clinical pregnancy rate
was achieved after immature oocyte retrieval and IVM in
a group of patients who were a high risk of developing
OHSS (51). For the prevention of OHSS during treatment,
the gonadotropin stimulation was halted, and hCG was ad-
ministered when the leading follicle had reached a mean di-
ameter of 12–14 mm; oocyte collection was performed 36
hours later. Approximately 12% of the oocytes collected
had already become mature at time of oocyte collection. Al-
though the administration of hCG is invariably associated
with exacerbation of the OHSS condition, no OHSS occurred
when hCG was administered once the leading follicle reached
to 12–14 mm in diameter (52). Therefore, patients who have
a potential of developing OHSS can be provided with this op-
tion, with or without hCG administration, followed by oocyte
retrieval and IVM rather than canceling the treatment cycle.

In addition, some patients during an ovarian stimulation
treatment cycle appear to respond to the stimulation but have
a low estrogen level or few or slow-growing follicles. Nor-
mally, this group of women have their cycles canceled or
are given prolonged stimulation and a higher dose of gonad-
otropins. It has been reported that pregnancies can be estab-
lished in these women by immature oocyte retrieval after hCG
administration followed by IVM (53). An approximately 40%
pregnancy rate has been obtained after immature oocyte re-
trieval and IVM without hCG administration before immature
oocyte collection (54), suggesting that IVM may be a viable
alternative to cancellation of the stimulation cycle in poor re-
sponders. It should be noted that with hCG administration

there will be some mature oocytes collected. When these ma-
ture oocytes are pooled together with the immature oocytes
collected, the potential for successful IVM/IVF treatment is
maximized without cancelation of the ovarian stimulation
treatment cycle.

IVM of Immature Oocytes from Women with
Regular Menstrual Cycles
IVM treatment has also been applied to infertile women with
normal ovaries and regular menstrual cycles. To obtain
a greater number of immature oocytes, gonadotropins (FSH
or hCG or FSH combined with hCG) have been used to provide
mild ovarian stimulation. These different approaches have
produced inconsistent results. In such cases, mature oocyte
collection should be the first choice if FSH stimulation was
employed; then consideration should be given to immature
oocyte retrieval followed by IVM and IVF.

Priming with FSH alone or FSH combined with hCG before
immature oocyte retrieval. Priming with a fixed dose of FSH
(150 IU/day) for 3 days from day 3 of the menstrual cycle for
IVM treatment did not increase the number of oocytes ob-
tained per aspiration and does not improve oocyte matura-
tion, cleavage rates, or embryonic development in women
with normal cycling ovaries (55). The same investigators re-
ported that the rates of oocyte maturation, fertilization,
cleavage, or implantation were not different between ‘‘coast-
ing’’ for 2 days or 3 days before immature oocyte retrieval
when women with normal menstrual cycles were given 150
IU FSH/day for 3 days started from day 3 (56). However, it
has been shown that using low-dose FSH priming starting
from the luteal phase improves the efficiency of immature
oocyte recovery and maturation as well as the rates of fertil-
ization with IVM treatment in women with regular menstrual
cycles (57).

Recently a study was designed to determine whether the
efficiency of IVM in women with normal ovaries can be im-
proved by gonadotropin administration (58). Four hundred
womenwere randomly allocated to the following four groups:
[1] nonprimed cycles, [2] hCG-primed cycles, [3] FSH-primed
cycles, or [4] FSH- plus hCG-primed cycles. In groups where
hCG was used, the overall maturation rate was higher, and
the percentage of total available mature oocytes was higher.
The conclusion was that a more favorable result can be ob-
tained with a combination of FSH plus hCG priming; FSH
priming or hCG priming alone had no significant effect on
the clinical outcome.

Priming with hCG before mature and immature oocyte re-
trieval. In women with normal ovaries and a regular men-
strual cycle, there is no advantage to priming with hCG
alone for the sole purpose of immature oocyte retrieval. In
these women, consideration should be given to natural cycle
IVF and administration of hCG when the leading or dominant
follicles reach a certain size (preferably 12–14 mm in diame-
ter). In such cases, one or two mature oocytes together with
several immature oocytes can be retrieved at the time of oo-
cyte retrieval 36 hours after hCG priming (59). A protocol
has been developed for infertile women with normal ovaries
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and regular menstrual cycles: the combination of natural cy-
cle IVF and IVM (60, 61).

Natural Cycle IVF-IVM
There has been increased interest in natural cycle IVF, because
it is more comfortable for the woman, with fewer side effects
and less physical burden. A study using life table analysis to
calculate the cumulative success rates after successive cycles
of treatment with natural cycle IVF indicated that the cumu-
lative probability of pregnancy was 46% with an associated
live-birth rate of 32% after four treatment cycles (62). Thus,
the question must be asked as to which is the best option
for the infertile patients: to undergo two or three cycles of
natural IVF treatment or one ovarian stimulated cycle, cover-
ing the same time span with similar pregnancy and live-birth
rates but a higher risk of complications?

In a natural cycle, normally only a single follicle develops
to the preovulatory stage and ovulates its mature oocyte for
potential fertilization. However, many small follicles also
grow in the ovaries during the same follicular phase of the
menstrual cycle. It is interesting that atresia does not occur
in the nondominant follicles, even after dominant follicle se-
lection; immature oocytes retrieved at this stage have been
successfully matured in vitro and fertilized, and they have re-
sulted in several pregnancies and healthy live births (63, 64).
Animal model studies also support the finding that oocyte
quality and early embryonic developmental competence of
immature oocytes after IVM are not affected by the
presence of the dominant follicle in the ovaries (65, 66).

However, prevention of ovulation from the dominant fol-
licle due to a natural luteinizing hormone (LH) surge is impor-
tant when the patients are treated with natural cycle IVF-IVM.
It has now been established that 10,000 IU hCG can be admin-
istered 36 hours before oocyte retrieval when the size of the
leading follicle has reached 12–14 mm in diameter (60, 61).
Most oocytes collected from the leading follicles were
mature at metaphase 2 (MII) stage. It is now possible to
combine natural cycle IVF with IVM as an alternative to
natural cycle IVF, and clinical pregnancy rates of 35% have
been achieved for a selected group of women with various
causes of infertility without recourse to ovarian stimulation
(60). It is interesting that it has been reported that natural
cycle IVF-IVM together with IVM-alone treatments can
achieve acceptable pregnancy and implantation rates in
more than 50% of infertile women (61), suggesting that nat-
ural cycle IVF-IVF is an efficient infertility treatment for all
indications, especially for women under 35 years of age.

Although the strategy of natural IVF-IVM has been suc-
cessfully applied to women with normal ovaries and regular
menstrual cycles, it is frequently asked whether there are dif-
ferences in pregnancy and implantation rates between the
presence and absence of mature oocytes collected at time of
the retrieval during natural cycle IVF-IVM treatment. A re-
cent study reported that the clinical pregnancy rates are not
different regardless of whether mature oocytes were collected
at the time of oocyte retrieval, but the live-birth rate was sta-
tistically significantly higher (P< .05) when mature oocytes
were collected at the time of oocyte retrieval (67), indicating

that natural cycle IVF-IVM may be a more suitable treatment
for younger women who have regular menstrual cycles.

SAFETY ISSUE WITH IVM OOCYTES
The number of live births from IVMoocytes has been increasing
over the past two decades. There are many concerns about IVM
infants as to obstetric and perinatal outcomes as well as long-
term development. At the present, the issue of clinical safety of
using IVM oocytes cannot be completely assessed because of
the lack of well-controlled clinical trials. Several studies have
reported that the mean birth weight and the incidence of con-
genital anomalies seem to be comparable with spontaneous
conceptions or conceptions of infertile women undergoing
IVF treatment (68–70). More recently, it was reported that
196 infants conceived after IVM of immature oocytes were
not associated with an increased risk of adverse obstetric or
perinatal outcomes compared with children conceived by
in vivo matured oocytes or children conceived by
conventional ovarian stimulated ICSI cycles (71).

As IVM treatment gains more widespread use, large and
better designed studies are needed to investigate the short-
and long-term health of IVM infants (72). It has been esti-
mated that more than 5,000 IVM infants have been born
worldwide. We are trying to collect data on the obstetric
and perinatal outcomes of pregnancies and live births after
IVM treatment. So far, approximately 1,500 infants born
from IVM treatment have been collected in the database. Pre-
liminary analysis indicates that birth weight and incidence of
congenital anomalies appear to be comparable to births to in-
fertile women who were treated with standard ovarian stimu-
lation and ICSI cycles (Chian et al., unpublished data).

VITRIFICATION OF IN VITRO MATURED
OOCYTES
Recent advances in vitrification techniques have markedly
improved the efficacy of oocyte cryopreservation in terms
of oocyte survival and pregnancy rates as well as live-birth
rates that are now comparable to those achieved with fresh
oocytes for IVF. The number of live births from vitrified oo-
cytes has increased rapidly over the past decade. It has been
estimated that worldwide several thousand babies have
been born from cryopreserved oocytes. In Italy alone, approx-
imately 2,000 babies have been born from cryopreserved oo-
cytes, half of them from vitrified oocytes (personal
communication with Dr. Giulia Scaravelli, Istituto Superiore
di Sanita, Rome, Italy). To date, most live births were from
in vivo matured oocytes produced from standard ovarian
stimulation cycles, and only a few live births were from cry-
opreserved IVM oocytes (12, 73, 74). However, as yet no
pregnancies have been reported from cycles for fertility
preservation of cancer patients from in vitro matured
oocytes after cryopreservation.

A major question is whether immature oocytes should be
cryopreserved before or after IVM. With the special structure
of immature oocytes with their GV compared to mature MII-
stage oocytes, it has been proposed that cryopreservation at
the immature GV stage may reduce damage to the oocytes
from the freezing procedure (75). Theoretically, the use of
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immature GV-stage oocytes circumvents the risk of polyploidy
and aneuploidy because the chromatins are diffuse in the dip-
lotene state of prophase I and are surrounded by a nuclear
membrane, which may avoid spindle depolymerization (76).
However, difficulties still exist with IVM of GV-stage oocytes
after freezing-thawing. Although the survival rates seem to
be improving, poor IVM and fertilization rates are still major
problems associated with immature oocyte freezing (77–81).
With the development of vitrification techniques, it was
found that there is no difference in the survival rate between
oocytes vitrified at the immature GV stage and those vitrified
at the mature MII stage (82). But the potential of oocyte
maturation was reduced significantly by vitrification of
immature oocytes at the GV stage, suggesting that oocytes
should be vitrified at the mature MII stage after IVM rather
than at the immature GV stage (83–85).

Collection of Mature and Immature Oocytes at
Follicular Phase for Fertility Preservation
Oocyte vitrification is an important alternative for women
with cancer who require fertility preservation, and immature
oocyte retrieval followed by IVM is especially important. A
published case report describes a single 33-year-old woman
with stage II breast cancer who came to our IVF center on
day 10 of her menstrual cycle to investigate her options
with respect to fertility preservation before undergoing che-
motherapy the next week (86). The patient had no ovarian
stimulation, and on day 12 of her menstrual cycle she under-
went oocyte retrieval after administration 10,000 IU hCG
given 36 hours previously. Although no mature oocytes
were retrieved from the leading follicle, a total of 19 immature
oocytes were collected; of these, 6 matured in vitro the next
day, and 11more on the day after. In total, 17 in vitro matured
oocytes were cryopreserved for this patient. The next week,
she underwent chemotherapy with no delays.

It is important to note that sometimes mature oocytes can
be collected from the ovaries if the oocyte retrieval is per-
formed in the follicular phase after hCG priming, even though
there has been no ovarian stimulation with FSH (87). Partic-
ularly in women with breast cancer, fertility preservation
has included retrieval of immature oocytes followed by IVM
and then either vitrification of the oocytes or the embryos af-
ter IVF (88). These investigators have reported that for oocyte
vitrification the average number of oocytes retrieved was 11.4
! 8.8, the IVM rate was 64.2%, and an average of 7.9 ! 6.6
mature oocytes were vitrified per patient treated. The median
duration from the first evaluation to the oocyte retrieval was 8
days. In addition, for embryo vitrification, the average num-
ber of oocytes retrieved was 9.7! 6.4, and the maturation rate
was 53.2%; an average of 5.8! 2.7 mature oocytes was avail-
able for fertilization per patient. The fertilization rate was
77.8%, resulting in 4.5 ! 2.7 embryos vitrified per patient.
The median duration from the first evaluation to oocytes col-
lection was 13 days. Importantly, there were on average 1.6!
1.2 in vivo matured oocytes, and 9.0 ! 0.8 immature oocytes
were retrieved from each patient. Therefore, this method pro-
vides a useful option for fertility preservation in breast cancer

patients without ovarian stimulation and with no delay in
cancer treatment.

It is interesting that it has also been proposed that IVM
can be used as a complementary strategy to improve the ma-
ture oocyte yield in breast cancer patients who are undergoing
ovarian stimulation with a modified letrozole-FSH protocol
for fertility preservation (89). This indicates that immature
oocytes retrieved during oocyte and embryo cryopreservation
cycles should not be discarded, which should improve the fu-
ture potential of fertility.

Collection of Immature Oocyte at Luteal Phase for
Fertility Preservation
Another advantage of immature oocyte retrieval followed by
IVM and vitrification is the possibility of retrieving oocytes
regardless of the phase of the menstrual cycle (87), indicating
that it is possible to perform immature oocyte retrieval se-
quentially in either the follicular or luteal phases of the men-
strual cycle in breast cancer patients without affecting the
quantity or maturation rate of the oocytes. Although no preg-
nancies or live births have been reported from immature oo-
cytes retrieved during the luteal phase, they are a distinct
possibility; there is evidence, mentioned previously, that
pregnancies and live births have occurred after the removal
of immature oocytes from pregnant women during cesarean
delivery (31). Thus, in cancer patients under severe time con-
straints, immature oocyte retrieval in the luteal phase fol-
lowed by IVM and vitrification can be considered before
chemotherapy to maximize the possibility of fertility preser-
vation, as has been suggested by various investigators (90,
91). It is interesting that there were no statistically
significant differences found in the number of retrieved
oocytes, maturation rate, fertilization rate, or total number
of cryopreserved oocytes and embryos when immature
oocyte retrieval followed by IVM of oocytes for fertility
preservation was performed during the follicular phase
compared with the luteal phase of the cycle (92).

COMBINATION OF OVARIAN TISSUE AND IVM
OOCYTE VITRIFICATION
Ovarian tissue cryopreservation has been the primary method
of fertility preservation for prepubertal girls who are at risk of
POF (93). Ovarian tissue cryopreservation followed by later
transplantation may be offered as a method of fertility pres-
ervation for pubertal cancer patients who cannot receive
ovarian stimulation due to time constraints or contraindica-
tions. Cryopreservation of ovarian tissues would only pre-
serve primordial and primary follicles. It has been reported
that immature oocyte retrieval from the visible antral follicles
after ovarian wedge resection or oophorectomy and subse-
quent IVM and vitrification of those oocytes represents an ad-
ditional strategy for fertility preservation, indicating that this
method of fertility preservation can be offered as an adjunct
to ovarian tissue cryobanking (94). In addition, it has been
also reported that the combination of ovarian tissue cryopres-
ervation with immature oocytes collection from the tissue fol-
lowed by IVM-vitrification of oocytes represents a promising
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approach of fertility preservation for young women with mo-
saic Turner syndrome (95, 96).

CONCLUSIONS
Retrieval of immature oocytes followed by IVM of oocytes or
embryo vitrification provides the optimal option for female
fertility preservation, especially for patients who cannot be
stimulated with FSH or who have time constraints related to
their cancer treatment. Immature oocytes can be collected
from the ovaries in both the follicular and luteal phases,
which maximizes the possibility of fertility preservation for
cancer patients. The combination of ovarian tissue cryopres-
ervation with immature oocyte retrieval from the ovarian tis-
sue followed by IVM and vitrification of oocytes represents
another novel strategy of fertility preservation for young
women before gonadotoxic treatment.
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