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Summary Fertility preservation has become an inte-
gral part of standard treatment for young patients with
planned gonadotoxic therapy. The decision-making
process is an interdisciplinary challenge to both on-
cologists and radiotherapists involved in the process
of diagnosis and treatment. Nevertheless, even today,
not every patient receives adequate counselling about
fertility preserving techniques. Current data on the
options of fertility preservation for women, including
cryopreservation of oocytes, embryos, ovarian tissue,
transposition of ovaries and medical treatment, are
summarized in this review.
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Introduction

Fertility preservation has become an emerging field
in recent decades and is of enormous importance
for patients of reproductive age. Due to improved
therapies and increased life expectancies, parent-
hood is increasingly becoming the focus of attention
among young cancer survivors. Fertility preservation
has proven to be an interdisciplinary challenge that
involves oncologists, radiotherapists, pediatricians,
surgeons, urologists, psychologists, reproductive en-
docrinologists and others. Before starting gonadotoxic
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therapies, patients need to be informed about their
individual options for fertility preservation accord-
ing to the underlying disease, planned treatment,
individual ovarian reserve, prognosis and personal
desires.

Chemotherapy, radiotherapy and surgery can lead
to premature ovarian insufficiency (POI) in girls and
women. Several factors influence the severity of
ovarian damage. These include the age of the girl
or woman at the time of treatment, the individual
ovarian reserve prior to treatment, the agents and
dosage of the chemotherapy as well as the location of
exposure and dose of radiation.

Established procedures include embryo and oocyte
cryopreservation, cryopreservation of ovarian tissue
and transplantation, the application of analogues
of gonadotropin releasing hormones (GnRH) and the
transposition of the ovaries in the case of radiation. In
German-speaking countries, the network “FertiPRO-
TEKT”, founded in 2006, has successfully managed to
increase awareness among doctors and patients that,
in spite of gonadotoxic treatment, fertility preserva-
tion methods can increase the chances for a child in
the future. A guideline of the Austrian, German and
Swiss Societies of Obstetrics and Gynecology on fer-
tility preservation in malignant diseases was recently
published [1].

Fertility preservation concerns not only oncologic
patients, but all patients whose future fertility might
be impaired by genetic disorders or benign diseases
requiring therapies that reduce ovarian reserve, like
autoimmune diseases or also gynecological diseases
such as endometriosis.

The aim of this short review is to provide an update
on established techniques of fertility preservation in
girls and women. Future perspectives are the subject
of the following short review.
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Controlled ovarian stimulation and
cryopreservation of oocytes and/or embryos

Oocyte and embryo cryopreservation have become
standard procedures in female cancer patients. Es-
tablished techniques of in vitro fertilization (IVF)/
intracytoplasmic sperm injection (ICSI) can be offered
to women with a male partner. Cryopreservation of
oocytes can be offered to patients without a male
partner or not willing to depend on the partner’s con-
sent to transfer embryos in the future. The progress of
vitrification techniques has improved the outcome of
oocyte cryopreservation in recent years [2]. As a mat-
ter of course, women can choose to split oocytes to
cryopreserve both embryos and unfertilized oocytes.

In both cases, hormonal ovarian stimulation lasting
on average 10–14 days is required. Adapted stimula-
tion protocols make it possible to start the stimula-
tion independently of the menstrual cycle and show
similar outcomes in terms of the number of retrieved
oocytes [3, 4].

Hormonal ovarian stimulation is performed with
standard protocols, followed by triggering ovulation
and oocyte retrieval, which is performed transvagi-
nally and ultrasound-guided.

In the case of estrogen-dependent malignancies
like breast cancer, stimulation protocols with an aro-
matase inhibitor, letrozole, are recommended to avoid
high levels of estrogen [5]. Overall survival and re-
lapse-free survival in patients with breast cancer after
stimulation with letrozole and gonadotropins com-
pared to women with breast cancer without fertility
preservation procedures did not differ significantly
[5].

According to data of the Fertiprotekt network, on
average between five and nine oocytes are retrieved
[6].

For controlled ovarian stimulation and cryopreser-
vation of oocytes and/or embryos, a delay of oncolog-
ical treatment by at least 10 days must be considered.

In vitro maturation of oocytes can be an option in
patients with a high antral follicle count and insuf-
ficient time or contraindications for ovarian stimula-
tion. Immature oocytes are retrieved and maturated
in vitro. Unfortunately, the success rate of this tech-
nique is limited [7].

Cryopreservation of ovarian tissue and
transplantation

Cryopreservation of ovarian tissue is the option for
girls and women whose chemotherapy needs to start
immediately and cannot be delayed. Over 130 live
births after transplantation of ovarian tissue have
been reported worldwide [8]. This technique has long
been considered experimental, but, according to the
aforementioned guideline of German-speaking coun-
tries, cryopreservation of ovarian tissue has become
an established option of fertility preservation [1].

The procedure comprises the surgical removal of
the ovarian tissue, cryopreservation with slow freez-
ing techniques and—after a certain relapse-free pe-
riod—transplantation of the ovarian graft. The in-
tervention can be planned cycle-independent, is per-
formed via laparoscopy and chemotherapy can even
start on the same day or the day after. It does not
require hormonal pretreatment. Furthermore, auto-
transplantation of ovarian tissue is able to not only re-
store fertility, but also rescue ovarian endocrine func-
tion for later life.

One major risk of cryopreservation of ovarian tis-
sue remains the potential transplantation of malig-
nant cells depending on the type of cancer. This risk
is especially high in patients with leukemia, neurob-
lastoma and Burkitt’s lymphoma [9]. Certain criteria
need to be met when offering this option: The pa-
tient should have a relatively high ovarian reserve and
therefore be under the age of 35 years. The prog-
nosis of 5-year survival should be good and the risk
of POI should be at least 50% [8]. At the time of
autotransplantation, the fragmented ovarian graft is
transplanted either orthotopically in the pelvic cavity
onto the ovary or using a peritoneal window or het-
erotopically outside the pelvic cavity. Ovarian tissue
autotransplantation has the advantage of natural con-
ception if fallopian tubes are permeable and ovarian
function is restored after transplantation. Observa-
tions have shown that ovarian activity starts on av-
erage 4 months after transplantation and remains for
approximately 5 years. The procedure can usually be
repeated, since only small portions of the ovarian tis-
sue are transplanted [10].

In vitro maturation of immature oocytes can be
combined with ovarian tissue cryopreservation if time
or type of cancer do not allow controlled ovarian stim-
ulation [11]. The oocytes can either be retrieved by
puncture of visible antral follicles or from the dissec-
tion medium when processing the ovarian tissue [12].
These techniques are still experimental.

Transposition of the ovaries

Radiotherapy techniques have improved in recent
decades, and it is now possible to precisely localize
the radiotoxic ovarian effects [13]. Nevertheless, in fe-
male patients with planned pelvic radiotherapy, ovar-
ian function can be preserved by transposition out of
the radiation field [14]. The laparoscopic transposi-
tion of ovaries reduces radiotherapy-induced ovarian
damage and may also be performed in prepubertal
girls [15]. Risks include operative complications and
postoperative ovarian cysts [15]. During decision-
making, the radiotherapy-related uterine damage that
could impair a normal course of pregnancy, with
higher risks of missed abortions and preterm births,
should also be considered.
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Fertiprotective agents (GnRH analogues)

The administration of gonadotropin-releasing hor-
mone agonists (GnRHa) to minimize gonadal damage
remains a matter of controversy [1, 16]. Several tri-
als in different cohorts have been performed with
conflicting results. Outcome measurements were not
standardized and included different parameters, such
as the level of anti-Müllerian hormone and/or fol-
licle stimulating hormone (FSH), amenorrhea and
pregnancy rates [17].

A prospective randomized controlled study in lym-
phoma survivors did not report any benefit for GnRHa
[18], whereas two prospective studies in women with
hormone-receptor negative breast cancer showed en-
couraging results in terms of higher pregnancy rates
[19] and restored ovarian function [19, 20]. A recent
Cochrane review stated that GnRH analogues ap-
peared to be effective with regard to the resumption
of menstruation, ovulation and premature ovarian
insufficiency, but evidence was limited on pregnancy
rates and on the protection of the ovaries [21].

Therefore, GnRH analogues should be considered
as an additional method, but not as the only option
to preserve fertility [1].

Conclusion

Female fertility preservation remains a fundamental
issue in women with gonadotoxic therapies or women
that suffer from diseases or genetic predispositions
compromising future fertility. Techniques include
oocyte and embryo cryopreservation, ovarian tissue
cryopreservation, transposition of the ovary and the
administration of GnRHa. These procedures can be
combined starting with the cryopreservation of ovar-
ian tissue, followed by hormonal ovarian stimulation
and by GnRHa during the course of chemotherapy.
Counselling comprises an interdisciplinary approach
by oncologists, specialists in reproductive medicine
and other disciplines [16, 22] and is a major challenge
[23]; nevertheless, women facing premature ovarian
failure necessarily need to be informed about options
of fertility preservation. Patients and their partners
should be enabled to make an autonomous decision
on their future reproductive life [24].

Take home message

� Cancer patients need to be informed about options
of fertility preservation.

� The demand for fertility preservation procedures in
patients with benign diseases or genetic predisposi-
tions is increasing.
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