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With improved survival rates from cancer, young people can expect
to lead a normal life, including having their own children. However,
cancer or other serious disease itself, and more often its treatment,
often leads to a significant reduction in fertility or premature
gonadal insufficiency. There is increasing acknowledgement for the
importance of fertility preservation (FP) options to be discussed and
offered to young people whose fertility is at risk, ideally before the
gonadotoxic therapy begins. FP options currently include oocyte,
embryo and ovarian tissue cryopreservation; ovarian protection
during chemotherapy and semen, sperm and testicular tissue
cryopreservation. A multidisciplinary team consisting of committed
and enthusiastic doctors, scientists, nurses, counsellors, adminis-
trators and researchers is required to provide a holistic FP service
with rapid response capacity for acute consultation and procedures
and a robust system for long-term follow-up. This speciality is
developing rapidly with exciting scientific advances that have
relevance for the whole spectrum of reproductive medicine.

© 2018 Elsevier Ltd. All rights reserved.
Introduction

What is fertility preservation?

Fertility preservation (FP) refers to the practice of optimising fertility for the future. FP can be
considered because of the risk of damage to fertility from cancer or other serious disease, or more
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commonly, it is necessary and often a life-saving treatment. FP is also important for young patients
with gender dysphoria conditions who may wish to transition and for young patients with genetic
fertility compromise, such as Turner Syndrome.

The requirement for FP for the situations mentioned above is called medical FP, and there is an
emerging medical speciality called oncofertility, which brings together oncologists, haematologists,
physicians, fertility specialists, scientists, counsellors, nurses and researchers, all focused on max-
imising fertility opportunities for patients, at present and in the future [1]. The term oncofertility
encompasses fertility, not only for patients with cancer but also for patients with non-malignant
serious conditions wherein fertility is at risk.

FP can also be considered for women, who are not in a condition to have a baby currently and who
wish, given the inexorable decline in fertility with age, to freeze their oocytes and thus to optimise the
opportunity for future fertility.

In this chapter, we discuss the concept of medical FP; however, the scientific advances and the
techniques are clearly referable to both the conditions mentioned above.

Why do we need fertility preservation programmes?

More than 80% of childhood and adolescent patients with cancer become long-term survivors [2].
Improvements in survival allow the expectation of a ‘normal’ life after cancer treatment, including
having children. However, the compromise to fertility from many cancer treatments is profound [3,4].
Fertility is almost always compromised, at the very least temporarily, often with some resurrection of
function. However, for young women receiving chemotherapy, given the reduction in the total follic-
ular pool with cancer treatment, subsequent onset of premature ovarian insufficiency (POI) is to be
anticipated, often at the time that young women, now cured of their cancer, would be wishing to
conceive. Therefore, the risk to fertility needs to be addressed as early as possible after a diagnosis is
made. There are considerable challenges associated with adding urgent fertility discussion and opti-
misation to the acute management of a cancer diagnosis in a young person. However, despite the
trauma and distress during this time, patients and their families appreciate the opportunity for urgent
fertility discussion and treatment, where possible, particularly as this represents optimism for their
future. Therefore, it is essential for an operational FP programme to be able to provide discussion,
information, treatment and organisation for follow-up, as a rapid response service.

Survivorship studies document the protracted and enduring psychological distress associated with
not only post-cancer sterility but also perceived missed opportunity for pre-treatment FP, or at least
discussion of the consequences [5].

International guidelines for fertility preservation

There are currently multiple international guidelines produced by craft groups including the
American Society of Clinical Oncology (ASCO), European Society of Human Reproduction and
Embryology (ESHRE) and the Clinical Oncology Society of Australia (COSA), all recognising the
importance of, andmandating the requirement for, discussion and consideration for FP in patients with
cancer whose fertility may be compromised [6e9].
Fertility preservation options

FP for girls and women

FP options for females include freezing oocytes (eggs), embryos and ovarian tissue as well as also
administering medications before and during chemotherapy to try and protect the ovaries and the
oocytes from the toxic effects [10].

Oocyte (egg) cryopreservation

Oocyte cryopreservation can be performed in post-menarchal girls and young women, ideally
before chemotherapy and can also be considered after treatment in those who have regained ovarian
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function [11]. The process involves supervised stimulation of the ovaries with gonadotrophin hor-
mones for 10e14 days to producemultiple follicles. Monitoring is performed throughout this timewith
ultrasound and sometimes endocrine assessment. The follicles are aspirated in a minor surgical pro-
cedure, usually performed with sedation anaesthesia, using a needle attached to a transvaginal ul-
trasound probe through the vagina (Fig. 1). This procedure takes approximately 10e15 min. The
oocytes are then extracted from the follicular fluid by in vitro fertilisation (IVF) specialists, and mature
oocytes are cryopreserved by the process of vitrification. On average, 10e14 mature oocytes are ob-
tained, but this depends very much on the patient's age and pre-existing ovarian reserve, and in young
women, many more oocytes can be cryopreserved. The vitrification process allows excellent survival,
with approximately 85e90% of oocytes to be available once thawed. However, as with fresh oocytes,
there is considerable attrition in the subsequent course from mature oocyte to usable embryo stage,
with approximately one to four blastocysts expected for every 10 oocytes cryopreserved (Fig. 2).

Fortunately, pregnancy rates approximate those from fresh oocytes, with a 35e40% chance of a
clinical pregnancy from every embryo transferred inwomenwith oocytes removed before the age of 38
years. It has been estimated that 6e10 mature oocytes frozen for women less than 38 years of age will
provide a 30e50% chance of having a live birth; however, in clinical practice, fertility specialists would
feel that 10e20 oocytes would give a more reasonable expectation of successful live birth [11].

The risks of this process are very low; however, these risks must always be considered for each
patient situation. Apart from the time delay, the risks relate mostly to the sedation anaesthetic, hor-
monal stimulation and risk of infection, especially in a vulnerable patient. In the past, ovarian hy-
perstimulation syndrome complicated approximately 0.5% of cycles, with occasionally serious clinical
features requiring hospitalisation. The use of gonadotrophin-releasing hormone (GnRH) agonist trig-
gers, which dramatically reduce the risk of hyperstimulation and can be used in most patients, has
really transformed the safety of the practice of stimulation for cryostorage [12].

There is no evidence that the use of gonadotrophins for 10e14 days increases any tumour-
propagation risk in non-high-risk hormone-sensitive breast cancers, but usually an aromatase inhib-
itor or an anti-oestrogen agent will be given concurrently during the stimulation phase to reduce the
level of oestrogen or block its interaction with breast cells [13].

Various stimulation protocols have been developed to maximise the opportunity for young women
to undergo one or two cycles of oocyte cryopreservation within a limited time period and thus avoid
the delay of commencement of chemotherapy, including the conventional start cycle and the ‘random-
start’ cycle with comparable results [14].
Fig. 1. Ultrasound-guided aspiration of mature oocytes.



Fig. 2. Oocyte attrition. The subsequent course from mature oocyte to usable embryo stage shows approximately one to four
blastocysts ensue for every 10 oocytes cryopreserved.
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Oocyte cryopreservation is currently considered as an established and generally safe method for FP,
with the expectation of success almost equivalent to that from fresh oocytes. Reassuringly, oocyte yield
and pregnancy rates for patients with cancer approximate those for people without cancer. However,
the limited number of opportunities afforded by a small cohort of oocytes obtainedmust be considered
when planning FP.

Embryo cryopreservation

For couples in established relationships, embryo cryopreservationmay be considered [11]. Although
there is no significantly higher chance of pregnancy associated with embryo cryopreservation than
with oocyte cryopreservation, frozen embryos allow a more concrete estimation of success in the
future, given that the stages of attrition from oocyte to embryo have already been completed.

However, embryos created with partner's sperm require partner (or ex-partner in the situation of a
separation) involvement in plans for use, i.e. consent, with different jurisdictional implications.
Therefore, it is possible that a woman may subsequently be prevented from using the cryopreserved
embryos for fertility treatment, if consent for use is withdrawn by the ex-partner, even if she has no
other opportunity to conceive with her own gametes.

Ovarian tissue cryopreservation and grafting

Storage of ovarian tissue, with hundreds or thousands or primordial follicles in the unstimulated
ovary, provides the potential for many opportunities for fertility as well as restoration of ovarian function
after grafting [15]. Withmore than 130 pregnancies andmore than 100 births already variously reported,
this form of FP is no longer regarded as experimental [16]. Improved data collection and registries
currently allow amore realistic estimation of success, with reports of approximately 30% pregnancy rates
after grafting [16]. Pregnancy can be achieved either spontaneously or with IVF treatment. However, it
must be acknowledged that cycle dynamics in grafted tissue are different from standard treatment,with a
low yield of good oocytes. Ovarian grafts may function for several years depending on the follicle density,
age of the patient and exposure to toxic agents before cryopreservation.

The ovarian tissue cryopreservation process involves removal of ovarian tissue (either part of an
ovary or the whole ovary), usually by a laparoscopic procedure; this is subsequently sliced into very
small pieces and are cryopreserved, usually by slow freezing, but sometimes by vitrification, for
grafting back later in the case of persistent ovarian failure [11].

This is the only FP option available for young girls, patients who require immediate cancer treat-
ment and for those who would be at risk from a cycle of ovarian stimulation [17]. Ovarian tissue
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harvesting may also be considered in addition to mature oocyte cryopreservation to maximise the
opportunities for future fertility.

Grafting sites include the ovarian bed, pelvic side wall, pouch of Douglas and anterior abdominal
wall (Fig. 3). On average, the tissue becomes functional approximately 3e5 months after grafting, with
reduction in serum follicle-stimulating hormone (FSH), increase in oestradiol and restoration of
menses in women with a functional uterus [15].

Apart from the surgical risks associated with the procedure, the main safety concern relates to the
risk of tumour cell transmission in the tissue, particularly with leukaemia. Various strategies are being
developed to allow subsequent safe grafting for womenwith leukaemia, including the diagnostic tools
of immunohistochemistry, molecular biological techniques and xenografting [18]. Future therapeutic
strategies may include the ‘artificial ovary’, purging of tumour cells from the tissue and in vitro follicle
and even oocyte maturation [19].

Ovarian protection

It is possible to protect ovarian function, at least partially, during chemotherapy, by co-
administration of a GnRH analogue [10,20]. Although the exact mechanism of protection is not yet
conclusively understood, a reduction in the accelerated recruitment and destruction cycle during
exposure to chemotherapy may be implicated [20].

Meta-analyses in patients with breast cancer have demonstrated a reduction in POI in patients
receiving a GnRH agonist, with no increased risk of tumour progression or recurrence [10].

Other novel mechanisms including interruption of the apoptotic pathway are also currently being
investigated with a view of developing additional therapeutic molecules [21].

FP for boys and men

Surgery, chemotherapy and particularly radiation can cause permanent damage to sperm pro-
duction and sometimes impair testosterone production as well.

Semen cryopreservation

Conventional semen freezing, particularly when there is opportunity for collecting multiple sam-
ples, provides an excellent opportunity for future fertility, even if the semen is of poor quality, with
subsequent use of IVF-intracytoplasmic sperm injection (ICSI). If semen quality is excellent and there
are many straws in storage, then intrauterine insemination may be considered in the first instance,
when patients are ready to attempt pregnancy [22].

Testicular biopsy for sperm freezing

For young men who are unable to produce a masturbated sample of semen, fine-needle testicular
biopsy under local or general anaesthesia can be considered. Once removed, the seminiferous tubules
are examined, and individual mature sperm are extracted and cryopreserved for later IVF-ICSI with
excellent success rates [23].

Testicular biopsy for tissue freezing (for prepubertal boys)

FP for young boys provides a challenge, given the immaturity of sperm in the seminiferous tubules.
Maturation of immature spermatogonia and spermatocytes to mature spermatozoa, capable of fer-
tilisation of oocytes, is still highly experimental, with success only in animal models. Other hopeful
strategies for the future include testicular tissue grafting [24].

Testicular tissue biopsy and cryopreservation is practised within a ‘research’ setting in some large
paediatric institutional centres working with reproductive medicine units. Careful counselling is
required for boys and their families given that this is still regarded as experimental FP.



Fig. 3. Graft sites. Graft sites used are mostly determined at the time of operation depending on pelvic anatomy (such as the presence of adhesions) and past treatment such as radiotherapy.
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Functions of a fertility preservation programme

Key components of a functioning FP programme

To provide appropriate care for patients, a FP service should aim to provide the following:

a) prompt referral for consultation and assessment of risk and urgent access to treatment options
b) multidisciplinary team
c) comprehensive range of services or strong referral pathways for additional services as required
d) short-, medium- and long-term follow-up

Additionally, a FP programme should aim to include the following:

a) rigorous data collection
b) public and professional education
c) strong collaborations with associated specialities including oncologists, haematologists and

physicians
d) scientific and clinical research
e) procurement of funding

Logistics of a functional FP programme

Engagement of staff (multidisciplinary team)

A team approach is essential for a functional FP service. In addition to fertility specialists with a
thorough working knowledge of fertility risks and the therapeutic modalities available, a nurse coor-
dinator or administrator can facilitate communication between the different specialist groups and can
optimally coordinate acute and follow-up care. Counselling for patients and their families is essential,
not only to assist with decision making for the FP options but also to provide additional support during
this time of acute distress and anxiety. The scientific team, with both clinical and research engagement,
is also integral to the programme.

Close relationships between the oncology/haematology/physician/surgery teams and the FP team
will facilitate timely and well-coordinated referrals (Fig. 4).

Accessibility to programme for patients and specialists

The key to a successful programme is prompt accessibility, and although this is less challenging in
major urban centres, additional modalities may be required such as initial consultation by phone or
Skype supported by online patient and practitioner resources. Some treatments may be possible at
rural or regional sites, with transport of tissue or gametes for centralised processing and storage.

Rapid response for referrals and treatments

A robust acute referral pathway is essential, with Fast Fax referrals and accessibility to an on-call
team ideal. To avoid delay for commencement of chemotherapy and other cancer treatments, it is
essential to have comprehensive counselling and preparation for treatment facilitated through a ‘rapid
access’ process. Where more than one modality is required, such as both ovarian tissue and oocyte
cryopreservation, coordination is required between the different clinical and scientific teams.

Maintaining follow-up

There is always a risk of loss to follow-up, especially after completion of chemotherapy, when
patients attend their oncology team for some years and then graduate to reduced follow-up, possibly
without linkage to a ‘late effects’ service.
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Long-term follow-up is essential for assessment of reproductive endocrine and sexual function,
hormone replacement, if necessary, and opportunity for future FP if required. Given the possibility of
temporary resurrection of reproductive function, patients may need advice for either/both contra-
ception and fertility and pregnancy timing.

Storage of gametes, tissues and embryos is an ongoing responsibility for FP units, with associated
legislative requirements. Patients may also find decision-making about storage distressing and require
additional support to navigate the best path.

Data collection

Data collection is essential to assist with our understanding of the following aspects of FP:

1) magnitude of the problem
2) risk of POI
3) take-up rates of various options
4) pregnancy outcomes for patients who require FP
5) resourcing requirements
6) epidemiological, clinical and laboratory research aspects

Publication bias hampers our true understanding of treatment options for patients who require FP,
particularly the less routine procedures such as ovarian tissue cryopreservation; therefore, there is a
need for robust international registries, and this requires engagement from all who work in the area.

In addition, patient contributions to the FP literature will allow resource allocation and refinements
of infrastructure to support the patient before, during and after their treatment.

Challenges

There are considerable challenges associated with medical FP for patients and their treatment
teams. The acute distress and psychological trauma associated with the diagnosis of a potentially life-
threatening condition, as well as the serious acute and long-term sequelae of therapy, require careful
patient discussion and ongoing counselling. Accurate, comprehensive and also accessible and under-
standable information for patients assists them with feeling some control over management and
looking forward to the future.

Evenwith optimal counselling and documentation at the time of diagnosis, the risk of damage from
cancer treatment, and the finite (and sometimes quite small) additional future fertility benefit from
cryopreservation, may be incompletely understood by patients and their families. Therefore, follow-up
counselling is essential with a particular focus on reiteration of the fertility situation, firm plans for
ongoing assessment and reassurance regarding options.

The logistic difficulties for patients from regional, rural and remote areas can be somewhat over-
come with ready access to communication modalities with specialists and a coordinated approach to
regionalised or even centralised FP services.

Narrow windows of opportunity are expected in FP, and the key to timely treatment is prompt
referral and access to services and optimal communication between the oncology and the FP teams.
Clear and accessible patient resources and family support resources are essential, and decision aids
may also be useful [25,26].

Coordination of care within a range of specialities for patients with complex and often multiple
medical issues can be challenging. The risks of anaesthesia with mediastinal disease and the haema-
tological compromise associated with acute leukaemia require multidisciplinary discussion and
evaluation of risk and benefit.

The affordability of FP, including consultations, treatment and storage, varies between centres, and
more widely between countries, depending on support from the government and resourcing of FP, as
well as the commitment of FP team members to provide their services for minimal cost to patients.
There is no doubt that FP and reduction of risk of gonadal failure will allow future pregnancy at a lower
cost than when reliant on donor gametes and hence will reduce the risk of childlessness.
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Finally, a genuine understanding of the different personal circumstances, expectations and plans of
each patient is required to facilitate an optimal and, importantly, an individualised approach to
management.

Summary

The emerging speciality of oncofertility, or medical fertility preservation, brings together a
committed team of clinicians from a range of specialties including scientists, nurses, counsellors, re-
searchers and support staff. The team is enthusiastically focused on addressing the urgent issue of
fertility compromise for young people, often in the midst of a life-threatening diagnosis and all the
accompanying distress. The provision of accurate information and support, as well as realistic options
for protection and preservation of fertility, to those young patients and their families, is absolutely
achievable. It is also a fundamentally important part of reproductive medicine, in terms of both clinical
processes and scientific advancement.
Research agenda

There are many exciting directions in fertility preservation currently being explored in a
research context and that will hopefully result soon in an expansion of opportunities for young
patients whose fertility is compromised by treatment for cancer or other serious diseases.

Successful births after uterine transplants have now been recorded; however, the technical
difficulties mean that this is still considered to be highly experimental [27].

The technical processes for developing ovarian follicles into mature form in vitro (in vitro
maturation or IVM), although demonstrated in animal models, are not yet successful in
humans. This technology will, once clinically reliable, be an enormous step forward, given the
large cohort of primordial follicles found in ovarian tissue samples and the current risks of
grafting of tissue in patients with haematological malignancy [28].

Creation of an artificial ovary’, in which follicles are grown into a mature form, will also expand
the opportunities for patients whose tissue is at risk of tumour cell contamination [19].

Activation of primordial follicles and the ability to switch off follicle destruction are exciting
areas of research with enormous potential, not only for patients with cancer but also for all
women who have compromised ovarian function and are wishing to conceive [21].

Development of strategies for IVM of spermwill similarly expand opportunity for prepubescent
boys to achieve fertility in the future [29].

Practice points

The key to a successful FP programme is to ensure that the following considerations are
addressed:

� A strong connection between the oncology team and the fertility specialist is required.
� Identification of key medical contacts and a multidisciplinary team facilitates the steering of
patients across specialties within the tight timelines necessary for FP in patients with cancer,
such that consultations can occur within 24e48 h.

� FP consultation with a fertility specialist is a patient's main resource regarding fertility and FP
options; other useful resources include decision aids, brochures and websites as well as
contact with other key personnel within the FP team (nurses or counsellors) where follow-up
by phone or email can assist with the imposed time constraints.

� The establishment of registries on the short- and long-term outcomes of FP techniques as-
sists with addressing gaps in knowledge, identifying new areas of research and establishing
referral pathways.
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