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ABSTRACT

Fertility preservation is an emerging field in medicine that enables men, women, and children to
maintain reproductive health when it is threatened by gonadotoxic treatment. Patients affected by
other nononcologic malignancies that can impair spermatogenesis and ovogenesis can also benefit
from fertility preservation treatments. Age-related infertility can also be overcome by cryopreserv-
ing gametes or embryos. The only establishedmethods for fertility preservation inmale patients are
sperm cryopreservation in postpubertal age and experimental testicular tissue cryopreservation in
prepubertal age. In adult women, oocyte cryopreservation is the preferred option, whereas ovarian
tissue cryopreservation is the only possibility for prepubertal girls. Fertility preservation treatments
must be addressed through a multidisciplinary approach that involves gynecologists, urologists,
oncologists, pediatricians, and professionals in the field of medically assisted reproduction to work
in coordination to provide patients with counseling and comprehensive information about fertility
issues. STEM CELLS TRANSLATIONAL MEDICINE 2012;1:668–672

INTRODUCTION

Fertility preservation is an emerging field that
provides the opportunity to maintain reproduc-
tive health to all those patients who either have
to receive gonadotoxic treatment for medical
reasons or want to preserve their gametes to
postpone childbearing (age-related fertility pre-
servation). Themajority of patientswho can ben-
efit from fertility preservation techniques are
cancer patients. Chemo- and radiotherapy given
in cancer therapies have detrimental conse-
quences on male and female gonads that may
lead to infertility. Other disorders, such as auto-
immune diseases (e.g., lupus) andmyelodysplas-
tic syndromes, require medical treatment that
can also impair reproductive cells and tissues. The
main target of these therapies is the cellular cycle,
and the interruption or arrest of the cellular cycle
causes severe defects in the DNA replication and
transcription mechanisms that could lead to cell
death. Nevertheless, the undesirable effects of
those therapies depend on various factors, such as
the intrinsic characteristics of the patients (age,
general health status, genetic disposition, sensitiv-
ity of tissues, cell-repair mechanisms), therapy (to-
tal doseand irradiated field in radiotherapy, typeof
chemotherapy agent), and tumor biology [1].

Men and women are affected by gonado-
toxic therapies in different ways. The reproduc-
tive damage caused in themale ismainly focused
on sperm quality and germinal epithelium. Since
spermatogenesis is maintained throughout life
from puberty, damage caused by gonadotoxic
therapies can usually be reversed after treat-

ment. There is evidence of significant recovery of
gonadal function in the first 10 years after treat-
ment [2]. In women, radio- and chemotherapy
can affect ovaries and uterus, threatening ovar-
ian reserve and uterine vascularization.

Apart from oncological patients, fertility
preservation is also indicated in other circum-
stances where germ cell degeneration is ob-
served. Women affected by premature ovarian
failure (POF) may also benefit from fertility pre-
servation. POF etiology is mainly idiopathic, but
the origin of POF can also be genetic, as in Turner
syndrome mosaicism, X trisomy, and X-fragile
syndrome. Twenty percent of patients with POF
have an autoimmune-associated disease, such as
diabetes mellitus, thyroid dysfunction, Addison
syndrome, myasthenia gravis, Crohn’s disease,
lupus, or rheumatoid arthritis [3]. In men,
Klinefelter syndrome affects 1 of 600 male new-
borns. Germ cell degeneration in affected pa-
tients starts in utero and progresses through in-
fancy and adolescence. Sperm cryopreservation
in adolescent patients prior to achievement of
azoospermia (90%of cases) should beperformed
as a strategy for fertility preservation [4].

Furthermore, in recent decades, a social
trend toward delaying childbearing has been ob-
served in women of reproductive age. This delay
is due to different factors related to lifestyle
(such as development of a professional career or
absence of the right partner). As a consequence,
these womenmay be affected by age-related in-
fertility when they decide to conceive, and fertil-
ity preservation techniques may also be indi-
cated in this population. Sperm cryopreservation
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is a well-established technique that enables men who wish to
preserve their fertility for social reasons to maintain their gam-
etes stored in liquid nitrogen. Sperm cryopreservation is consid-
ered a standard procedure prior to vasectomy. Men exposed to
toxins or thosewhosework conditions can adversely affect sper-
matogenesis are also candidates for fertility preservation. Fertil-
ity preservation has been also required by some individuals who
undergo gender reallocation, with cryopreservation of sperm in
transsexual women and oocytes in transsexual men.

MALE FERTILITY PRESERVATION

Cancer Patients
Today, two-thirds of patients survive at least 5 years after being
diagnosed with cancer. Advances in oncological research and
improvement in cancer screening and treatment have increased
survival rates and improved the quality of patients’ lives [5].

Nonetheless, in some cases, young cancer patients have to
face oncological treatments at a childbearing age. Fertility pre-
servation should be considered an important issue when facing
the oncological process, and patients should be informed about
it as soon as the oncological treatment is indicated.

Effects of Cancer on Male Reproductive Health
Cancer itself has a detrimental impact on male reproductive
health because many biological processes, cells, and tissues be-
come affected. The disruption of the hypothalamic-pituitary-go-
nadal axis induces a breakdown of the spermatogenesis process.
In testicular cancer, the malignancy also triggers immunologic
and cytotoxic injuries on testicular germinal epithelium that af-
fect testicular environment. Taking into account that neoplasic
processes can be considered a systemic illness, the affected in-
dividuals can develop some associated somatic disorders, such
as fever and malnutrition, and some psychological disorders,
such as anxiety and/or depression, that will certainly have a neg-
ative impact on reproductive health [6].

Effects of Cancer Treatment on Male Reproductive
Health
In male cancer patients, surgery, radiotherapy, and chemother-
apy can be followed by transient or permanent infertility by af-
fecting ejaculatory or erectile function, or by impairing sper-
matogenesis.

Surgery
Bilateral orchiectomy in testicular cancer results in a lack of pro-
duction of both testosterone and sperm, resulting in permanent
infertility. Unilateral orchiectomy reduces the sperm concentra-
tion in semen samples. Reduced spermatogenesis is reversible
within the first year after surgery in survivorswho recover almost
normal follicle-stimulating hormone (FSH) levels [7]. Retroperi-
toneal lymph node dissection, performed mainly in testicular
carcinoma, renal cell carcinoma, and upper urinary tract urothe-
lial carcinoma, causes serious disruption of ejaculation. Ad-
vances in surgery, such as nerve-sparing techniques, reduce the
side effects of the intervention [8]. Prostate cancer patients who
have to undergo radical prostatectomy suffer from erectile dys-
function that will impair fertility. Retrograde ejaculation and loss
of semen quality have also been described after prostatectomy.
Erectile dysfunction can also be produced by surgery for cancer
of the rectum [9, 10].

Radiotherapy
Radiotherapy has severe side effects upon male fertility. Irradia-
tion in the G2 phase of the cell cycle induces chromatid aberra-
tions [11]. The chromosomal damage can be individually mea-
sured by analyzing the dose/response to radiotherapy of
peripheral blood cells. This situation makes it possible to restrict
the dose radiation in order to minimize the side effects on
healthy tissues [12].

Detrimental effects of radiotherapy depend on dose and ir-
radiation field. A 2-Gy dose of irradiation leads to azoospermia.
This situation can be overcome in some cases in approximately
30 months (Table 1). Total body irradiation (TBI) performed in
hematological cancers prior to bone marrow transplantation or
hematopoietic stem cell transplantation and abdominal or pelvic
radiotherapy put patients at high risk of developing permanent
infertility. Less than 20% of patients recover gonadal function
after TBI. Furthermore, spermatogenesis can be disrupted since
radiotherapy combined with chemotherapy increases FSH levels
in approximately 70% of patients [13].

Chemotherapy
The vast majority of chemotherapeutic agents are gonadotoxic.
Alkylating agents seem to present the greater risk of causing
infertility, largely due to azoospermia. Other chemotherapeutic
agents, such as platinum compounds, can also cause azoosper-
mia in 50% of patients. Besides the decrease in sperm count
produced by these oncologic treatments, DNA of spermatozoa
can also be impaired. It has been demonstrated that DNA integ-
rity can be recovered after treatment [14]. As not all chemother-
apeutic treatments affect male fertility, fertility preservation
should be offered only in caseswhere high risk of azoospermia or
DNA damage is suspected.

STRATEGIES FOR MALE FERTILITY PRESERVATION

Sperm Cryopreservation
Cryopreservation of human spermatozoa was introduced in the
1960s and now constitutes one of the most well-established
techniques in assisted reproductive techniques laboratories
worldwide. The sperm cryopreservation technique that seems to
be more efficient is the rapid freezing protocol. After a short
exposure to cryoprotectants (glycerol, DMSO), the sperm sam-
ple is loaded into straws or cryotubes and then left in direct
contact with nitrogen vapors. Immersion in liquid nitrogen at
�196°C allows sperm cryostorage for long periods of time. Sur-
vival rates after sperm cryopreservation allow pregnancy rates
comparable to the ones obtained with the use of fresh samples
[15].

Although some spermatozoa do not survive freezing-thaw-
ing procedures, sperm cryopreservation is a useful tool for fertil-
ity preservation in adolescent and adultmaleswhenever a sperm
sample can be obtained by masturbation and whenever the
presence of a certain number of spermatozoa is observed in the

Table 1. Recovery from azoospermia caused by radiotherapy

Radiation
dosage (Gy)

Time to
recovery

�1 9–18 months
2–3 30 months
�4 �5 years

Adapted from [6] (p. 33), with permission.
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ejaculate. Depending on individual sperm quality, the preserva-
tion of more than one sample should be addressed. Sperm col-
lection is mostly achieved by masturbation, but some disorders,
such as retrograde ejaculation or anejaculation, can be solved by
the administration of alpha agonists in the former cases and vi-
bratory stimulation or electro-ejaculation for the latter [6].

Testicular Tissue Cryopreservation
In rare cases where fertility preservation needs to be carried out in
obstructive azoospermia adult men, testicular sperm aspiration or
testicular spermextraction (biopsy) is performed. There are several
protocols for cryopreservation of surgically retrieved spermatozoa.
Whatever the method used, to obtain good results in terms of sur-
vival rates, it is important to choose the most suitable cryopro-
tectants and to perform an accurate thawing protocol.

No fertility preservation options exist for prepubertal boys.
In 1994, Brinster and Zimmerman reported the successful trans-
plantationofmale germcells in a rodentmodel [16]. They proved
that spermatogenesis could be induced from the transplanted
stem cells in a sterile recipientmouse. This method of spermato-
gonial stem cell transplantation into the testis shows a potential
strategy of fertility preservation in prepubertal boys undergoing
a cytotoxic treatment [16]. In a report of recent work performed
in a mouse model, Goossens et al. suggest that intratesticular
tissue grafting might be best choice for fertility preservation in
prepubertal boys because of the maintenance of the stem cell
niche and show that its disruption may cause epigenetic prob-
lems in germ cells [17].

FEMALE FERTILITY PRESERVATION

Cancer Patients
Breast, cervical, and colorectal cancers are the leading cancers in
women worldwide [18]. Approximately 4% of women with can-
cer will be younger than 35 years of age at the time of diagnosis
[19], and breast cancer is the cancerwith the highest incidence in
this population [20]. Some of these patients may have disease
identified at an early stage and can potentially be cured, with
fertility preservation being an important issue at the time of dis-
ease diagnosis. Fifty-seven percent of women asked about the
possibility of becoming infertile after treatment for breast can-
cer reported being concerned about fertility issues [21]. Further-
more, the continuous delay of childbearing observed in devel-
oped countries will result in an increased proportion of women
diagnosed with cancer before their first pregnancy [22].

Effects of Cancer on Female Reproductive Health
Cancer causes an increased metabolic state and hypothalamic
dysfunction that may lead to infertility. It has been reported that
oocyte quality is apparently affected by the malignancy and that
female carriers of BRCA1 mutation may be low responders to
ovarian stimulation [23]. Somatic disorders, such as anxiety and
depression associated with the oncologic process, also have a
negative impact on reproductive health.

Effects of Cancer Therapies on Female Reproductive
Health
Cancer therapies are known to affect reproductive health, al-
though the effectsmay be unpredictable since the exact apopto-
tic pathways involved are still unknown. The risk of ovarian fail-

ure after chemo- and radiotherapy depends on patient’s age,
treatment protocol, and type of malignancy. Knowledge of the
exactmechanisms involved in ovarian damage is important to try
to minimize the detrimental side effects.

Radiotherapy
Ovarian damage caused by radiation depends on the patient’s
age, the dose, and the field of irradiation. Radiation therapy to
the pelvis can have a direct negative impact on ovarian function
and on the uterus by altering vascularization and by reducing
growth if treatment is received during childhood.

Doses of 4–6 Gy can produce a loss of 50% of the follicular
population, whereas total body irradiation represents a high risk
of ovarian failure in treated patients (55%–80%). It is also known
that younger women (�40 years) are less affected by irradiation
damage. Nonpelvic radiation (e.g., cerebral irradiation) can also
impair fertility by affecting the hypothalamic-pituitary axis, caus-
ing a malfunction in oogenesis [24].

Chemotherapy
Chemotherapeutic agents affect ovarian function by several
mechanisms, such as follicular depletion (burn-out mechanism),
vascular damage, and cortical fibrosis. The patient’s age at treat-
ment and the chemotherapy regimen (type and dose) both influ-
ence the risk of premature ovarian failure. Older women have a
higher risk of presenting permanent infertility. It has been dem-
onstrated that women younger than 40 years old exposed to
chemotherapeutic agents have a 61% risk of developing amen-
orrhea, and this figure increases to 95% in women older than 40
years. Alkylating drugs such as cyclophosphamide are the most
gonadotoxic agents since they are not cell cycle-specific, and
they also affect other cells in the ovary [14].

STRATEGIES FOR FERTILITY PRESERVATION IN WOMEN

Oocyte Cryopreservation
Oocyte cryopreservation is becoming a routine practice in most
in vitro fertilization (IVF) centers with the development of the
vitrification technique. Difficulties with slow freezing oocyte
cryopreservation (ice crystal formation, low survival rates, and
poor-quality embryos) in past decadesmadeembryo cryopreser-
vation the first choice for reproductive material cryopreserva-
tion. With the methodological improvements achieved with vit-
rification, clinical pregnancy rates and live birth rates with
frozen-thawed oocytes are comparable to those obtained with
fresh cycles [25]. Although children born from vitrified oocytes
do not present higher rates of congenital anomalies than those
born from fresh oocytes, long-term safety is still to be proved
[26]. As a consequence, oocyte cryopreservation has become an
alternative to embryo freezing in IVF programs and constitutes a
real option for fertility preservation.

Oocyte cryopreservation constitutes a strategy of fertility
preservation for patientswho can postpone oncologic treatment
and when controlled ovarian stimulation is not contraindicated.
It is a valid option for postpubertal women without a male part-
ner or those who do not accept donor sperm and have moral
objections to embryo cryopreservation. Nowadays, age-related
fertility preservation is performedmainly by oocyte vitrification.
The whole process of oocyte cryopreservation (ovarian stimula-
tion and oocyte retrieval) takes a minimum of 2–3 weeks, de-
pending on patient’s menstrual cycle. The use of gonadotropin-
releasing hormone (GnRH) antagonists allows a random start of
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stimulation and provokes luteolysis within 2–4 days, with subse-
quent follicular development. This is a useful strategy when
there are time constraints and the patient is not in the early
follicular phase [27]. The exposure to high levels of estradiol may
be contraindicated in patients with hormone-dependent tumors.
However, there is controversy about this issue, since some authors
believe that there is no real risk in having a short-term increase in
hormonal levels [28]. Nonetheless, ovarian stimulation protocols
with aromatase inhibitors have been described in order to avoid
excessivehighestradiol levels, andno increaseof recurrence rateof
breast cancer has been observed with this treatment [29].

Embryo Cryopreservation
To date, embryo cryopreservation is the most standardized pro-
cedure of fertility preservation. High survival rates and cumula-
tive pregnancy rates of 60% support the fact that it constitutes a
clinically well-established technique. The need of a male partner
or sperm donor for embryo cryopreservation is a requirement
that not always can be fulfilled. The ethical implications of the
increasing number of embryos stored in IVF clinics make oocyte
vitrification the preferred option for fertility preservation.

Ovarian Tissue Cryopreservation
Ovarian tissue cryopreservation may be still considered an ex-
perimental technique. To date, approximately 20 children have
been born worldwide after ovarian tissue cryopreservation.
Ovarian tissue is obtained by laparoscopy, and it is frozen or
vitrified in thin slides [30]. Primordial follicles are located in ovar-
ian cortex, and they are relatively resistant to cryoinjury. None-
theless, after ovarian tissue thawing and grafting, a massive loss
of follicles is observed during the ischemic period until revascu-
larization is established. Revascularization of tissue graft results
in some living follicles that grow and develop mature oocytes
[31]. Because of the lack of a worldwide registry, the effectiveness
of the technique isunknown,but this constitutes theonlyoption for
prepubertal girls and for women who cannot delay cancer treat-
ment or cannot undergo controlled ovarian stimulation.

One of the concerns regarding thawed ovarian tissue trans-
plantation is the risk of reseeding malignant cells. Transplanta-
tion of thawed ovarian tissue is contraindicated in patients with
leukemia because of the high risk of relapse [32]. Some authors
have reported that there seems to be no risk of reintroducing
malignant cells for women with Hodgkin’s disease or at early
stages of breast cancer [33]. Transplantation of ovarian cortical
fragments can be done either orthotopically (in the peritoneal
cavity) or heterotopically (forearm or anterior abdominal wall,
probably associated with poorer oocyte quality due to inade-
quate environment). Neoangiogenesis after ovarian tissue trans-
plantation is still the limiting factor as it takes 5 days and leads to
60% loss of primordial follicles. Pregnancies reported to date
have been both spontaneous and after IVF [34]. Transplantation
of the whole ovary with its vascular pedicle still remains an ex-
perimental procedure in humans [35].

Hormonal Protection by Ovarian Activity Suppression
Ovarian protection from gonadotoxic treatment with GnRH ago-
nists is still controversial. The idea of maintaining the ovarian
metabolism quiescent to avoid any damage caused by oncologic
treatment is still to be confirmed, and there are doubts about
whether GnRH agonist administration has a potential beneficial

effect on ovarian tissue because of the lack of FSH receptors on
primordial follicles [6].

Ovarian Transposition
The surgical procedure of ovarian transposition intends to move
ovaries outside the irradiation field. Laparoscopic ovarian trans-
position consists of releasing the ovary from its pelvic attach-
ments and placing it behind the uterus or in the paracolic gutter.
This strategy is especially useful in patients with cervical cancer
who require only radiotherapy for cancer treatment [36].

In Vitro Maturation of Human Oocytes
Retrieval of immature oocytes followed by oocyte in vitro matu-
ration (IVM) is one of the strategies in cases in which ovarian
stimulation is not possible. Oocyte retrieval is usually performed
prior to ovulation, but immature oocytes can also be recovered
during both the follicular and luteal phases [37]. Oocyte cryo-
preservation after IVM can be performed using vitrification or
slow freezing techniques. Vitrification of IVM oocytes has re-
sulted in a live-birth rate of 20%; nonetheless, survival and fer-
tilization rates of IVM oocytes are lower than those of in vivo-
matured ones. Vitrification of in vitro matured oocytes
combined with ovarian tissue cryopreservation represents a
strategy for fertility preservation when ovarian stimulation is
contraindicated [38].

Follicular Culture
In vitro follicular culture has been proposed as an alternative to
ovarian tissue transplantation to avoid the risk of reintroducing
malignant cells. The aimof this technique is to develop an in vitro
system that allows the growth of primordial and primary follicles
to antral stages in order to obtainmature oocytes [39]. Given the
complexity of follicle genesis in vivo, much research in culture
conditions is still necessary in order to achieve results that can be
applied in clinical practice.

ETHICAL ASPECTS OF FERTILITY PRESERVATION

The emerging trend of fertility preservation in clinical practice is
bringing new treatment options that may imply ethical dilem-
mas. Fertility preservation in patients experiencingmalignancies
and fertility preservation in women who are free from disease
and wish to avoid age-related fertility loss are sometimes con-
troversial because of the uncertainty of using the cryopreserved
material in the future and the doubtful benefit to the patients.

As a result ofmore effective treatments, the long-term survival
rate of childhood and young adult cancer patients has raised over
the past few decades. Almost 80% of children diagnosed with ma-
lignancywill recover fromthe illness [40]. Infertility is an issue that is
important to cancer patients and their families and that must be
addressed. Realistic information about the newadvances in fertility
preservation and chances for the future should be given in order to
ensure appropriate counseling and treatment.

Fertility preservation in girls during childhood due to nonon-
cological conditions (repeated ovarian surgery, genetic disor-
ders)may be controversial because of the uncertainty of predict-
ing which patients are at risk for POF; which are the fertility
preservation methods available for girls; and the feasibility,
safety, and efficacy of these methods [41].
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CONCLUSION
Fertility preservation is a multidisciplinary field that requires the
collaboration and coordination of professionals from different
specialties. Oocyte, sperm, embryo, and ovarian tissue cryo-
preservation offers patients real options of preserving fertility. It
is important that individuals under threat of fertility loss are of-
fered appropriate fertility preservation options.
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