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KEY MESSAGE
Advances in the provision of fertility preservation technologies to individuals undergoing sterilizing medical treatments
can improve the likelihood of having children in the future. The delivery of these options requires a multidisciplinary
approach and coordination with oncology professionals.

ABSTRACT
The management of young patients with cancer presents several unique challenges. In general, these patients are ill prepared for
the diagnosis and the impact on their fertility. With the improved survival for all tumour types and stages, the need for adequate
fertility counselling and a multidisciplinary approach in the reproductive care of these patients is paramount. Recent advances in
cryopreservation techniques allow for the banking of spermatozoa, oocytes, embryos and ovarian tissue without compromising
survival. This Canadian Fertility and Andrology Society (CFAS) guideline outlines the current understanding of social and medical
issues associated with oncofertility, and the medical and surgical technologies available to optimize future fertility.
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INTRODUCTION
n Canada, 200,000 people are
diagnosed with cancer annually. Long-
term survival rates for many cancers
are continually improving, with 5-year

survival rates of over 80% for children
and adolescents, and over 70% for adults
between 20 and 49 years of age (Canadian
Cancer Society, 2021). Survival often
comes with a loss of reproductive function
from gonadal toxicity. High-dose alkylating
agents and ionizing radiation are
particularly damaging, inducing sterility
in a high proportion of patients.

It is estimated that breast cancer affected
more than 27,000 Canadians in 2021
(Canadian Cancer Society, 2021). Fifteen
per cent of these individuals were of
reproductive age, making it the most
common malignancy in this age group and
representing the bulk of referrals to
assisted reproductive technology (ART)
facilities for fertility preservation (Canadian
Cancer Society, 2013). Other common
cancers seen in young Canadians include
haematological (lymphoma and
leukaemia), colorectal, thyroid and
testicular cancers, and melanoma.
Uncommonly, patients with autoimmune
disorders such as systemic lupus
erythematosus (SLE) and haematological
conditions require gonadotoxic agents for
medical management. Fortunately, cancer
in young individuals represents a small
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percentage of cases: 0.7% in children
(0�14 years), while adolescents and young
adults (15�29 years) account for 1.5%
(Canadian Cancer Society, 2021). It is
estimated that 1 out of 700 adults is a long-
term childhood cancer survivor (Public
Health Agency of Canadian Cancer
Society, 2018; Skinner et al., 2006).
Fertility preservation in children and
adolescents merits special considerations
that will be addressed separately in this
guideline.

One fact is very clear � the majority of
young cancer patients want children of
their own in the future (Schover et al.,
1999; Schover et al., 2002). The vast
majority of these patients survive their
disease, so it is critical that they receive the
necessary fertility counselling and
multidisciplinary care required to address
the complex clinical and psychological
challenges that they face (Jemal et al.,
2008).

This guideline was developed using the
Grading of Recommendations
Assessment, Development and Evaluation
(GRADE) approach (Guyatt et al., 2011)
when possible. The following electronic
bibliographic databases were searched up
to March 2022: (i) Ovid MEDLINE, (ii) Ovid
EMBASE, and (iii) Cochrane Database of
Systematic Reviews. Search terms
included: “fertility preservation”,
“controlled ovarian hyperstimulation”,
“chemotherapy”, “gonadotoxic”,
“childhood”, “adolescent”, “survivor”,
“radiation”, “consultation”, “gonadotropin-
releasing hormone agonist”, “oocyte/egg
cryopreservation”, “embryo
cryopreservation”, “ovarian tissue
cryopreservation”, “ovarian tissue
transplantation” and “sperm
cryopreservation”.
FERTILITY PRESERVATION IN
PATIENTS WITH OVARIES

All reproductive-aged patients with ovaries
who are diagnosed with cancer can benefit
from a discussion of fertility preservation.
Until recently, most evidence for the
impact of cancer treatments came from
the Childhood Cancer Survivor Studies
(CCSS), which surveyed over 20,000
patients at least 5 years out from
treatment. The rate of premature ovarian
failure among survivors was 13-fold higher
than that of their siblings (Green et al.,
2009). A recent large cohort study
analysed 23,201 cancer patients between
1981 and 2012, who were aged 39 years or
less at diagnosis (Anderson et al., 2018).
Compared with age-matched controls
from the general population, survivors
were 38% less likely to conceive
(standardized incidence ratio 0.62, 95%
confidence interval [CI] 0.60�0.63), an
effect that was seen across all cancer
types. No difference was seen in the risk of
spontaneous abortion or stillbirth or the
incidence of therapeutic abortion. A
similar reduction of fertility is seen in
multiple childhood cancer survivor studies
(van Dorp et al., 2018).

Chemotherapy
The gonadotoxicity of combination
chemotherapeutic treatments varies
according to the type of cancer, specific
agents used, cumulative doses, protocol
and reproductive potential of the patient at
the time of treatment (Arnon et al., 2001;
Goodwin et al., 1999). Cyclophosphamide
and other alkylating agents are the most
toxic to the ovary, causing a dose-
dependent exponential decline in
primordial follicle density (Meirow et al.,
1999;Walshe et al., 2006). Compared with
other regimens, cyclophosphamide-
containing protocols are four times more
likely to result in ovarian failure, with almost
80% of cases occurring within the first year
(Goodwin et al., 1999). Damage to the
follicle may be by a combination of direct
cytotoxic effects on the granulosa and
oocyte itself by cell cycle-independent
agents like alkylating agents, and an
accelerated recruitment through a loss of
anti-M€ullerian hormone (AMH) production
from the antral follicles (burnout theory)
(Meirow et al., 2010; Rosendahl et al.,
2010). Chemotherapeutic protocols can
be classified into a low, intermediate or
high risk of inducing ovarian failure, with
the incidence of menopause ranging from
less than 20% to over 80% (Hickey et al.,
2009; Lee et al., 2006).

Quantifying the gonadotoxic effects of
each chemotherapeutic regimen is difficult
and poorly studied to date. Most existing
clinical trials and population studies for
chemotherapeutic agents report the
incidence of premature ovarian failure and
ovulatory dysfunction as the measures of
fertility. Infertility and diminished ovarian
reserve are typically associated with
eumenorrhoea and ovulatory cycles
(Letourneau et al., 2012). Destruction of
pre-ovulatory follicles commonly causes a
temporary arrest of menstruation for up to
6 months. However, long-term ovarian
function can be maintained by as little as
10% of the ovary, so clinical measures of
menstrual function are a poor assessment
of the true ovarian damage (Wo and
Viswanathan, 2009). In the absence of a
long-term follow-up of fertility and
pregnancy outcomes, the effects of cancer
treatment on future reproductive function
will be underestimated.

As expected, the incidence of acute
ovarian failure, infertility and early
menopause in chemotherapy patients
correlates with age (Letourneau et al.,
2012). Regardless of the type of
chemotherapeutic agents administered, at
least a fraction of ovarian reserve will be
lost, even if this is not immediately
apparent with clinical and laboratory
evaluation. Most objective measures of
ovarian reserve are altered by
chemotherapy (Anderson et al., 2006).
Low-risk treatments such as ABVD
(adriamycin, bleomycin, vinblastine and
dacarbazine) for Hodgkin lymphoma
appear to have short-term reversible
effects on AMH concentrations in patients
aged under 30 years; however, clear
effects are seen in both menstrual function
and ovarian reserve testing in older
patients (Behringer et al., 2013; Decanter
et al., 2010). Even if a patient is deemed to
be at ‘low risk’ of premature menopause, a
shorter reproductive life can be expected
even if regular menstrual cycles resume
(Overbeek et al., 2017; Partridge et al.,
2007; Sklar et al., 2005).

Protocols utilized for breast cancer have
a clear irreversible effect on the ovary,
as demonstrated by a number of
recent studies performing serial AMH
concentrations following the completion
of chemotherapy (Anderson et al., 2013;
Dezellus et al., 2017; Perdrix et al., 2017).
A large prospective trial that randomized
patients to no, low-intensity or high-
intensity chemotherapy found that the
more aggressive protocol resulted in
more temporary amenorrhoea (odds
ratio [OR] 1.96, P < 0.0001) and
premature ovarian failure (OR 2.03,
P < 0.0001), with assessments occurring
at the 5- and 10-year marks (Partridge
et al., 2007).

Anecdotal experience would suggest
that cancer survivors with a history of
chemotherapy have poor outcomes with
medical fertility treatments. Youth is
certainly a protective factor, but the long-
term follow-up of childhood cancer
patients demonstrates clear effects on
ovarian reserve and reproductive potential
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later in life (Barton et al., 2013; Bath et al.,
2003; Filippi et al., 2021; Johnston et al.,
2009; Larsen et al., 2003a; Larsen et al.,
2003b; Reulen et al., 2009; Thomas-
Teinturier et al., 2013). Childhood
exposure to alkylating agents was a
significant risk for acute ovarian failure in
the CCSS (Green et al., 2009). Premature
menopause occurred in 8% of these
survivors, compared with 0.8% of siblings
(OR 13.2, 95% CI 3.26�53.51, P= 0001). In
the CCSS cohort, a cumulative
cyclophosphamide equivalent dose of
alkylators as low as 4 g/m2 is associated
with a risk of premature menopause in
female survivors, and a reduced rate of
pregnancy in the partners of male
survivors, with an incremental effect as
doses increase (Green et al., 2014).

A large national Dutch nested-cohort study
(DCOG LATER) has provided some of the
best data to date on fertility in childhood
survivors (van den Berg et al., 2018).
Abnormal ovarian reserve testing is seen
after exposure to a number of
chemotherapeutic agents. Fortunately,
they do not appear to impact the genetic
competency of the surviving oocytes or
the future pregnancies themselves.
However, extrapolating from murine data,
there may be short-term effects that merit
delaying pregnancy for 6�12 months after
exposure (Meirow et al., 2001).

Radiation therapy
Radiation causes widespread DNA damage
through free radical production, leading to
necrosis, apoptosis, mutation and
carcinogenesis (Sanders et al., 1996;
Wallace et al., 1989). As with
chemotherapeutic agents, the impact of
ionizing radiation on the uterus and ovaries
relates to the age at exposure and the
effective dose (fractionation schedule)
(Ash, 1980;Meirow et al., 2010). Pelvic
irradiation can lead to high rates of
premature ovarian failure. The effective
sterilizing dose to the ovary is age-
dependent 20.3 Gy at birth, 18.4 Gy at age
10, 16.5 Gy at age 20, and 14.3 Gy at age 30
(Wallace et al., 2005). By comparison,
typical doses for gynaecological
malignancies reach 50 Gy, and for total-
body irradiation for haematopoietic bone
marrow transplant, 10�12 Gy. Some
studies have demonstrated sterilizing
doses of less than 2 Gy (Sklar et al., 2006;
Wallace et al., 2003). The DCOG LATER
study showed a reduced ovarian reserve in
childhood survivors receiving spinal
radiotherapy and total-body irradiation,
with a dose-dependent effect of
abdominal/pelvic radiotherapy (van den
Berg et al., 2018). Other risk factors for
premature ovarian failure include
concurrent alkylating agent administration,
high-dose pelvic radiation and a diagnosis
of Hodgkin lymphoma (Sklar et al., 2006).

In addition to the impact on the ovaries,
uterine exposure to radiation is associated
with poor obstetric outcomes, including
first- and second-trimester loss, preterm
birth and low birthweight (Critchley and
Wallace, 2005). The pathophysiology
appears to involve vascular, endometrial
and myometrial damage (Reulen et al.,
2009; Signorello et al., 2006). The CCSS
found a dose-dependent increase in the
risk of preterm birth from a baseline of
20% in survivors who were not exposed to
radiation (Signorello et al., 2006). With a
uterine dose of 50�250 cGy, the risk was
26% (OR 1.8, 95% CI 1.1�3.0), being 40%
with 250�500 cGy (OR 2.3, 95% CI
1.0�5.1) and 50% with >500 cGy (OR
3.5,95% CI 1.5� to 8.0). The association is
stronger after prepubertal exposure
compared with that after menarche (for
>250 cGy, OR 4.9, 95% CI 1.7�13.9).
Prepubertal exposure appears to impair
normal uterine development, resulting in
an adult uterus that is small and refractory
to oestrogen stimulation. Compared with
the 8% risk of low birth weight in controls,
the risk in survivors exposed to
250�500 cGy was 26% (OR 4.3, 95% CI
1.4�12.8), and was 36% for those who
received >500 cGy (OR 6.8, 95% CI
2.1�22.2). An increased incidence of poor
obstetric outcomes was also seen in the
DCOG LATER study: survivors had a high
risk of preterm delivery (OR 9.74, 95% CI
1.49�63.60) and low birthweight babies
(OR 15.66, 95% CI 1.43�171.4) (van de Loo
et al., 2019).

Abdominal radiotherapy is also associated
with other risks in pregnancy, including
hypertension, gestational diabetes and
anaemia (Reulen et al., 2017). Given the
implications for pregnancy, patients with a
history of abdominal radiation therapy
should be offered preconception
counselling and should be followed by an
obstetrician-gynaecologist during
pregnancy. Fortunately, most cancer
treatment regimens do not appear to
impact the uterus and endometrial
receptivity, as survivors have similar
outcomes with egg-donation treatments
compared with other patients with ovarian
failure (Munoz et al., 2015).

Summary statement:
1. Cancer treatments lower the likelihood
of future pregnancy.

Fertility preservation consultation
Future fertility potential is a priority for
patients (Gupta et al., 2013; Zebrack et al.,
2013). In 2013, the American Society of
Clinical Oncology (ASCO) set out to
provide guidance to oncologists regarding
fertility preservation and concluded that
the process of informed consent requires
a discussion of future fertility issues and
options for fertility preservation (Loren et
al., 2013). As highlighted, early referral to a
fertility specialist after the diagnosis of
cancer is critical for the timely delivery of
fertility preservation. Many barriers have
been identified, including a lack of
knowledge of fertility preservation options
and available local resources, and the
perception that ART is cost prohibitive and
of limited efficacy (Blumenfeld et al., 1999;
Goodwin et al., 2007; Korkidakis et al.,
2019; Lewin et al., 2017; Partridge et al.,
2004;Quinn et al., 2007;Quinn et al.,
2008;Woodruff, 2010).

Korkidakis et al. analysed 4452 patients
aged 15�39 years with newly diagnosed
breast cancer in Ontario from 2000 to
2017, identified using the Ontario Cancer
Registry. Of these patients, 178 (4.0%)
were referred to a gynaecologist with a
billing code of infertility between the
cancer diagnosis and initiation of
chemotherapy. These referral rates are
surprising low, but have increased over
time, from 0.4% in 2000 to 11% in 2016
(Korkidakis et al., 2019). Given the size of
Canada, it is imperative to address any
regional disparities in referral patterns and
access to care, which in many cases may
stem from inadequate professional
education on these technologies and a lack
of provincial funding. Efforts are required
to establish referral networks that allow
patients to receive counselling on fertility
preservation across the nation.

The constraints of time and concerns for
cancer treatment delay are often cited as a
barrier for referral (Schover et al., 1999;
Vadaparampil et al., 2008). However,
available data demonstrate that the
provision of fertility preservation
treatments does not cause a delay in the
delivery of cancer treatments (Baynosa et
al., 2009; Jenninga et al., 2012; Lee et al.,
2010). Collaborative efforts between
fertility specialists and oncology care
providers are critical for addressing the
impact on fertility and for the provision of
an individualized fertility preservation plan
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(Noyes et al., 2011). This requires early
referral and timely consultation.

Summary statement:

2. A collaborative multidisciplinary
approach is important for the timely
delivery of both oncological and fertility
preservation care.

Recommendation:

1. An urgent fertility preservation
consultation should be offered to
reproductive-age patients after the
diagnosis of cancer or other medical
conditions requiring potentially sterilizing
treatments.
Fertility assessment
In addition to an assessment of patients’
medical fitness to undergo fertility
preservation treatments, a fertility
assessment is indicated. Age is the most
important factor in predicting the
outcome with egg and embryo
cryopreservation. Beyond the age of
40 years, the likelihood of future
pregnancy resulting from fertility
preservation treatments is limited
(Canadian Assisted Reproductive
Technologies Registry, 2022).

A complete transvaginal pelvic ultrasound
scan with antral follicle count provides data
about the patient’s ovarian reserve, pelvic
pathology and adnexal anatomy in
preparation for oocyte retrieval (Chang
et al., 1998; Scheffer et al., 2003;Wallace
and Kelsey, 2004). Day 3 FSH
concentration was historically the standard
evaluation of ovarian reserve, but it is not
practical awaiting menses in these cases
(Scott et al., 2008). AMH is proving to be
the most predictive parameter for ovarian
response to stimulation (Arce et al., 2013;
Brodin et al., 2013; Riggs et al., 2008).
AMH is detectable at all ages and can be
measured at any point in the menstrual
cycle. In combination with the patient’s
age, AMH can also determine the patient’s
susceptibility to the gonadotoxic effects of
chemotherapy (Anders et al., 2008;
Anderson et al., 2011; Anderson et al.,
2013; Brougham et al., 2012; Freeman et
al., 2012; de Vet et al., 2022). The fertility
assessment should be repeated no earlier
than 6 months after completion of the
cancer treatments, to allow for the
reproductive axis and ovarian function to
stabilize.
Gonadotrophin-releasing hormone
agonists
Reports of reduced ovarian failure rates in
young patients using adjuvant
gonadotrophin-releasing hormone
(GnRH) agonists prompted the
investigation of their chemoprotective
properties in the ovary. Proposed
mechanisms of action include
hypogonadotrophism-induced ovarian
quiescence, reduction of ovarian blood
flow and agonistic effects on ovarian
GnRH receptors. A recent meta-analysis
of the existing randomized trials on the
use of GnRH agonists for ovarian
protection in breast cancer patients
demonstrated a higher rate of recovery of
regular menses after a 12-month period of
follow-up (OR 1.85, 95% CI 1.02�3.26,
P= 0.04) (Munhoz et al., 2016). As
previously stated, a regular menstrual
cycle does not necessarily equate to
normal fertility; however, the limited data
collected on pregnancy outcomes do
suggest improved outcomes (Moore et
al., 2015).

Protective effects for ovarian function
have not been demonstrated during the
treatment of lymphomas. A randomized
trial of premenopausal Hodgkin and non-
Hodgkin lymphoma patients showed a
similar incidence of ovarian failure with or
without the administration of a GnRH
agonist (19% versus 25%; Demeestere et
al., 2016). Menstrual suppression is an
additional benefit to GnRH agonist
treatment, and should be a consideration
for patients experiencing heavy menstrual
bleeding secondary to thrombocytopenia
(Kirkham et al., 2019). There are limited
data for a protective effect with salvage
chemotherapies for stem cell
transplantation (Blumenfeld et al., 2012;
Salooja et al., 2001).

Summary statement:

3. Giving GnRH agonists during the
administration of chemotherapy is a highly
accessible method for emergency fertility
preservation that appears to reduce the
risk of acute ovarian failure in the case of
breast cancer, with limited data suggesting
benefit in other cancers or that fertility
itself is preserved.

Recommendation:

2. GnRH agonists should be considered as
gonadal cytoprotection prior to
combination chemotherapy for the
treatment of breast cancer.
Oocyte cryopreservation
Oocyte cryopreservation is one of the
most common fertility preservation
options in the post-pubertal patient
population. Age and oocyte yield are
predictive factors for success (Cobo et al.,
2016; Doyle et al., 2016;Goldman et al.,
2017). Several cohort studies have
examined ovarian stimulation responses in
oncological populations (Almog et al.,
2012;Cardozo et al., 2015; Dolinko et al.,
2018; Friedler et al., 2012;Garcia-Velasco
et al., 2013; Lefebvre et al., 2018;Quinn et
al., 2017; von Wolff et al., 2018). Ovarian
stimulation cycles in oncological patients
seem to produce similar results compared
with the general ART population, and
outcomes do not appear to vary among
the different types of malignancy. These
studies demonstrate similar oocyte yields
from cancer patients compared with the
general IVF population.

Limited data exist on pregnancy outcomes
from oocyte cryopreservation (vitrification
and slow freezing) for cancer; however,
oocyte cryopreservation is a safe and
effective method of fertility preservation in
the general population (Cobo et al., 2021;
Specchia et al., 2019). The largest case
series to date analysed 1073 patients, with a
mean age of 32.3 § 0.9 years at the time of
egg retrieval. In a total of 80 patients who
returned to use their oocytes, 25 healthy
babies were born (Cobo et al. 2018).
Importantly, oocyte cryopreservation
provides patients with future reproductive
autonomy. In contrast, embryos require
the consent of both partners for future use
and storage.

Summary statement:

4. Oocyte cryopreservation is a
recommended method of fertility
preservation.

Embryo cryopreservation
As a method of fertility preservation,
embryo cryopreservation has been
available to cancer patients for many years.
Foremost is the need for a sperm source.
The patient’s chance of a successful future
pregnancy depends on the number of
high-quality embryos obtained. In 2015, the
live birth rates for frozen embryo transfer
among the Canadian IVF facilities in
Canada was 31% for patients under the age
of 35, with 84% of those using a single
embryo (Canadian Fertility and Andrology
Society CARTR/BORN Registry. https://
cfas.ca/cgi/page.cgi/cartr-annual-reports.
html). Small case studies suggest that

https://cfas.ca/cgi/page.cgi/cartr-annual-reports.html
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outcomes using embryos from cancer
survivors are comparable to those in the
general infertility population (Lee et al.,
2012). Most Canadians have access to
embryo cryopreservation as a means of
fertility preservation if they have a partner
with spermatozoa, or wish to utilize donor
spermatozoa.

Summary statement:

5. Embryo cryopreservation is a
recommended method of fertility
preservation.

Ovarian stimulation of the cancer
patients
By employing modern IVF protocols and
appropriate doses of gonadotrophins,
oocyte and embryo yield, and ultimately
the number of future attempts for
pregnancy, can be maximized. The
timeline for the start of the oncology
treatments typically mandates the prompt
delivery of fertility preservation shortly
after consultation, often on an emergency
basis.

Most ovarian stimulation protocols are
appropriate in the setting of oncofertility,
but GnRH antagonist-based protocols are
most widely employed. GnRH antagonist
treatments are shorter, require less
gonadotrophin, and reduce the risk of
ovarian hyperstimulation syndrome
(OHSS) (Al-Inany et al., 2011; Depalo et al.,
2012; Fatemi et al., 2012; Pu et al., 2011).
Gonadotrophins are commonly started
during the early follicular phase with a
spontaneous menses, but depending on
the level of urgency, they can be started
after truncation of the menstrual cycle with
the administration of GnRH antagonists
(von Wolff et al., 2009), or randomly at any
point in the cycle (Bedoschi et al., 2010;
Buendgen et al., 2013;Cakmak et al.,
2013; Nayak and Wakim, 2011; Sonmezer
et al., 2011). Follicle recruitment appears
possible at any stage of the menstrual cycle
(Baerwald et al., 2003a; Baerwald et al.,
2003b). On this basis, ‘random start’
stimulation protocols have been created
for cancer patients who require urgent
treatment (Buendgen et al., 2013; Kuang
et al., 2014;Qin et al., 2016).

Short-term safety of ovarian stimulation
in cancer patients
The procedural risks associated with
transvaginal ultrasound-guided aspiration
of ovarian follicles are small (less than 1%).
Beyond the expected symptomatic
enlargement of the ovaries, the most
common acute complication of
gonadotrophin stimulation is OHSS. The
condition is associated with the stimulation
of high numbers of follicles or eggs and
exposure to human chorionic
gonadotrophin (HCG). Severe OHSS
complicates fewer than 5% of IVF
stimulations (Papanikolaou et al., 2006).
To minimize the risk of OHSS the dose of
gonadotrophins should be carefully
selected according to the patient’s age and
ovarian reserve.

Traditionally, HCG has been used to
mimic the physiological mid-cycle LH
surge, to trigger final oocyte maturation in
preparation for oocyte retrieval. Multiple
studies have evaluated using lower doses of
HCG to reduce the risk of developing
OHSS; however, this strategy does not
appear to mitigate this risk based on the
published randomized controlled trials (Lin
et al., 2011; Tsoumpou et al., 2009). GnRH
antagonist protocols have been shown to
result in a lower rate of OHSS when
compared with traditional GnRH agonist
protocols (Al-Inany et al., 2016; Lambalk et
al., 2017; Toftager et al., 2016). GnRH
antagonist protocols also allow for the
triggering of final oocyte maturation with
GnRH agonists instead of HCG. A recent
Cochrane review involving 17 randomized
controlled trials showed a reduction in
OHSS incidence in the GnRH agonist
trigger group compared with the HCG
trigger group (OR 0.05, 95% CI
0.01�0.28) (Youssef et al., 2014). The
successful use of GnRH agonist in
triggering final oocyte maturation and
reducing the risk of OHSS has also been
demonstrated specifically in fertility
preservation cycles (Oktay et al., 2010;
Reddy et al., 2014). However, a GnRH
agonist trigger does not eliminate OHSS in
all patients and, as such, great caution has
to be exercised in cancer patients (Fatemi
et al., 2014).

Long-term safety of ovarian stimulation
in cancer patients
Many breast cancer tumour cells are
oestrogen receptor positive, and
accordingly are susceptible to
environments with oestrogen excess
(Allred et al., 2001; Deli et al., 2020; Ouifki
et al., 2022; Prest et al., 2002). Even
tumours that are classified as receptor
negative will contain a small percentage of
receptor-positive cells (Babayan et al.,
2013;Gonazalez-Angulo et al., 2007).
Serum oestradiol concentrations reach
supraphysiological concentrations during
ovarian stimulation, typically 5000 pmol/
ml (peak natural cycle concentrations
750�1300 pmol/ml) and not uncommonly
exceeding 10,000 pmol/ml. Observational
data support the safety of these
technologies in terms of the recurrence of
breast cancer and contralateral disease,
although follow-up periods are limited
(Azim et al., 2008; Kim et al., 2016;
Rodgers et al., 2017;Wang et al., 2022).
Follow-up data suggest that the incidence
of recurrence in breast cancer patients is
not elevated; however, high
concentrations of oestrogens can in theory
stimulate subclinical disseminated disease
(Henderson et al., 1990), so any therapy
that antagonizes this effect is reasonable
(Howell et al., 2005; Love et al., 2008;
Miller, 2006).

Two strategies are commonly employed to
minimize this oestrogen exposure:
recovering oocytes from an unstimulated
IVF cycle, or administering cytoprotective
agents in combination with gonadotrophin
stimulation. Aromatase inhibitors have
proven efficacious as an adjuvant therapy
for the management of micrometastatic
disease (Fisher et al., 1989;Goss et al.,
2003; Howell and Locker, 2005;Miller,
2006). More importantly for breast cancer
patients, they suppress oestradiol
production during IVF stimulation.

Letrozole is the most potent of the
aromatase inhibitors, suppressing greater
than 96% of its activity. With the
concurrent use of aromatase inhibitors,
gonadotrophin doses can be optimized to
maximize oocyte yield, while maintaining
oestradiol production closer to
physiological concentrations (Checa et al.,
2012;Oktay et al., 2003). Several
retrospective reviews of clinics’
experiences with the addition of letrozole
for breast cancer patients have supported
this, although they find mixed results in
terms of total FSH requirements and
oocyte yield (Ben-Haroush et al., 2018;
Checa et al., 2012;Goldrat et al., 2015;
Oktay et al., 2006; Pu et al., 2011; Revelli et
al., 2013). Letrozole has also found
widespread use in reproductive medicine
as an ovulation induction agent and
adjunct in IVF protocols (Schoolcraft et al.,
2008). Since the ovary remains active
beyond retrieval of the oocytes, the
sustained use of letrozole for at least 1 week
beyond egg retrieval seems reasonable,
when ovarian sex hormone production
related to the treatment subsides.

Recommendations:
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3. Efforts should be made to mitigate the
risks of ovarian stimulation in cancer
patients.

4. To minimize the risk of OHSS, GnRH
antagonist protocols and triggering of final
maturation with a GnRH agonist should be
considered.

5. Random-start protocols should be
considered to minimize delaying the start
of treatment.

6. Aromatase inhibitors can be considered
to minimize oestrogen concentrations in
patients with oestrogen-sensitive tumours.
Ovarian tissue cryopreservation and
transplantation
Ovarian tissue cryopreservation (OTC) is a
fertility preservation option in which a
part of or a whole ovary is removed and
cryopreserved. The ovarian tissue is later
transplanted back into the patient if
infertility from ovarian insufficiency is
confirmed and pregnancy desired.

OTC should be considered for patients
needing gonadotoxic therapy or who need
a removal of ovarian tissue for a benign
underlying cause. This technique should
generally be reserved for pre-pubertal
patients with a significant risk of infertility
from their treatment but can also be used
when there is insufficient time to perform
ovarian stimulation, or when the patient
declines to undergo egg retrieval. In
December 2019, the American Society for
Reproductive Medicine released a
committee opinion stating: ‘Given the
current body of literature, OTC should be
considered an established medical
procedure with limited effectiveness that
should be offered to carefully selected
patients’, page 1025 (Fertility preservation
in patients undergoing gonadotoxic
therapy or gonadectomy: a committee
opinion, 2019). In 2020, CFAS removed its
experimental label for OTC. Like any
technique, OTC should ideally be
performed prior to cancer treatments;
however, it can also be done between
rounds of treatment assuming that there is
a potential for fertility (CFAS Position
Statement on Ovarian Tissue
Cryopreservation, 2020).
Contraindications to OTC include patients
with a high risk of complications with
general anaesthesia or abdominal surgery,
or a lack of resources or expertise using
this technology.
The OTC process involves an initial
surgical procedure to perform a
laparoscopic unilateral partial or complete
oophorectomy. This is generally associated
with minimal risk related to the surgery
itself and anaesthesia. This surgical
procedure should ideally be combined
with other necessary procedures
associated with the patient’s treatment.
The ovarian cortex is cut into small strips
and cryopreserved using slow-freezing or
vitrification techniques. Subsequent
ovarian tissue transplantation can be
performed orthotopically to the native
ovary, within the vacant ovarian fossa, or
heterotopically within the pelvis or other
subcutaneous tissue. These grafts typically
become hormonally active as quickly as 3
months after transplantation and remain
functional for on average 5 years, but
function up to 10 years has been
documented (Andersen et al., 2012).

To prevent the reintroduction of cancer
cells, ovarian biopsy should be performed
at the time of oophorectomy, and the risk
of ovarian metastasis evaluated based on
cancer type and location. Techniques for
the in-vitro maturation of oocytes at the
time of oophorectomy and later from
cryopreserved ovarian tissue are being
researched and will hopefully provide an
alternative to transplantation and a means
of avoiding the possibility of reintroducing
tumour cells (Abir et al., 2016).

To date, over 160 live births have been
reported in humans with this technique,
with documented OTC from a
premenarchal girl. Spontaneous
pregnancy, ovarian stimulation and IVF
have all been reported as outcomes with
ovarian tissue transplantation
(Demeestere et al., 2007; Shea et al.,
2014). A live birth rate of 25�33% has
been reported by the few groups that
are proficient in this technique (Jadoul
et al., 2017; Jensen et al., 2015; Van der
Ven et al., 2016).

Summary statement:

6. Ovarian tissue cryopreservation and
transplantation is no longer considered an
experimental method of fertility
preservation: it can be an option in cases
with insufficient time for ovarian
stimulation and/or when abdominal
surgery is required.

Recommendation:
7. Ovarian tissue cryopreservation and
future ovarian tissue transplantation can be
considered in select cases of emergency
fertility preservation when local expertise is
available, particularly when abdominal
surgery is already planned.
Pregnancy after cancer
There is no consensus on the best time to
conceive after cancer treatments, and
most data pertain to breast cancer
survivors. Since most breast cancer
recurrences occur in the first 2 years,
patients are normally advised to avoid
pregnancy during this period of
surveillance. However, some studies
suggest that early conception does not
negatively impact survival (Blakely et al.,
2004; Ives et al., 2007). A recent large
meta-analysis that included 112,840 breast
cancer patients, of whom 7505 had a
pregnancy after diagnosis, actually showed
a higher disease-free survival in these
patients (Lambertini et al., 2021).
Ultimately, the decision on the timing of
pregnancy should be determined in
consultation with a cancer specialist
(Gelber et al., 2001; Helewa et al., 2002).
Fertility-sparing surgical options
The harmful effects of radiation on the
ovaries can be minimized by ovarian
transposition. The ovaries are surgically
transposed to a location outside the
radiation field (Han et al., 2011). This may
also be combined with gonadal shielding to
further reduce the dose effect (Mazonakis
et al., 2006). Using this technique, reports
on the preservation of menstrual function
have ranged from 65% to over 88% (Al-
Badawi et al., 2010; Bisharah and Tulandi,
2003; Pahisa et al., 2008). The risks
associated with the procedure include
ovarian cysts, adhesions, pelvic pain,
ovarian migration, premature ovarian
failure and tubal injury (Morice et al.,
2000; Wo et al., 2009). A small risk of
disease metastasizing to the ovary exists in
some malignancies, so transposition could
facilitate the spread of disease (Nguyen et
al., 1998; Picone et al., 2003). Any benefits
of transposition may be lost when adjuvant
chemotherapy is employed (Morris and
Ryley, 2011;Williams et al., 1999). Other
fertility-sparing surgical options include
cervical conization or trachelectomy for
select early-stage cervical cancer patients
and unilateral oophorectomy or
cystectomy in select ovarian neoplasms
(Ronn and Holzer, 2013).

Recommendation:
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8. Fertility-sparing surgery should be
considered when possible if it does not
compromise survival.
FERTILITY PRESERVATION IN
PATIENTS WITH TESTICLES

The management of fertility preservation
needs for patients producing spermatozoa
may seem very straightforward, but there
are several important considerations.
Commonly, patients present with
abnormal sperm parameters such as
oligozoospermia, an effect that may
directly relate to the illness itself (Karavani
et al., 2020; Paoli et al., 2016; Sieniawski et
al., 2008; van der Kaaij et al., 2009). A
high percentage of patients exposed to
combination chemotherapy develop
testicular dysfunction (70�98%)
(Bramswig et al., 1990;Green et al., 2010;
Heikens et al., 1996;Meistrich et al., 1992;
Paoli et al., 2016; Rivkees and Crawford,
1988; Sieniawski et al., 2008). A reduced
concentration appears related to an
epithelial effect, and the less common
sequelae of hypogonadism to a loss of
Leydig cell function (Mustieles et al., 1995;
Zaletel et al., 2010).

In haematological cancer survivors, the
recovery of spermatogenic capacity can
take years, so it is important to continue
testing to capture cases with latent
recovery (Buchanan et al., 1975). Sibling
studies of childhood cancer survivors
demonstrate a 50% higher risk of infertility,
but over 60% should achieve parenthood
without the need for ART (Thomson et al.,
2002). Due to a high sperm aneuploidy
frequency for up to 2 years after exposure
to chemotherapy, pregnancy should be
avoided during that time (Bujan et al.,
2014;Martinez et al., 2017; Rives et al.,
2017; Tempest et al., 2008). Exposure to
chemotherapy can generate permanent
epimutations within the germline, with
potential epigenetic transgenerational
transmission (Shnorhavorian et al., 2017).
Fetal malformation rates have been
reported as higher in the children
conceived with spermatozoa from cancer
survivors, but this appears to be related to
the diagnosis itself, not exposure to the
treatments (Al-Jebari et al., 2018; Stahl
et al., 2011).

The clear recommendation is the
cryopreservation of spermatozoa. In cases
when patients are unable to produce an
ejaculated sample, surgical sperm retrieval
procedures can be performed (Shankara-
Narayana et al., 2019). Several variables
may help determine the number of
samples to cryopreserve and their future
use, including sperm parameters,
reproductive needs and the time frame for
the medical treatments. ASCO
recommends the banking of three
ejaculates (Loren et al., 2013). However,
most patients are restricted by time and
many only produce a single sample.
Between the quality and amount of
spermatozoa banked, many of these
samples are only suitable for IVF with
intracytoplasmic sperm injection.

Recommendation:

9. Prior to starting gonadotoxic treatments,
sperm cryopreservation should be offered.
SPECIAL CONSIDERATIONS FOR
CHILDREN AND ADOLESCENTS

The relative 5-year survival rate for all
childhood cancers combined exceeds
80% (Cronin et al., 2018). With the
improved overall survival rate of children
affected by childhood cancer, there is now
a growing population of survivors of
childhood cancer who want children in
the future. For patients with ovaries, the
retention of oestrogen production is
important for cardiac, bone, brain and
urogenital health.

ASCO offers clear guidelines for fertility
preservation in children, adolescents and
young adults (Oktay et al., 2018).
Recognizing the risks associated with
gonadotoxic therapy, ASCO has
recommended that oncology healthcare
practitioners work in partnership with
centres who have expertise in fertility
preservation since 2012. These
multidisciplinary teams can facilitate
fertility preservation (oocytes or OTC) for
post-pubertal children, and can help
counsel patients and families on the
assessment and management of
reproductive concerns. Reassuringly, if
natural conception occurs from childhood
cancer survivors, there is no increased
incidence of congenital malformations,
chromosomal anomalies or cancers,
compared with sibling controls and general
population data (Mueller et al., 2009;
Seppanen et al., 2016;Winther et al.,
2012).

Fertility preservation options in pubertal
children/adolescents are the same as in
adults, beyond the requirement for general
anaesthesia and abdominal
ultrasonography in the majority of cases.
For pre-pubertal children, the majority of
proposed treatment modalities have
limited published data attesting to efficacy,
with the exception of gonadal shielding or
transposition of the gonads to outside the
field of radiation. While 60% of patients
maintain ovarian function, the pregnancy
rate of those desiring conception was only
15% (Aubard et al., 2001).

Complex ethical considerations may arise
when counselling families about fertility
preservation options. The difficulty in
decision making is often compounded by
the frequently limited time available to
make decisions prior to gonadotoxic
treatment, as well as navigating consent for
patients who cannot provide assent. The
majority of post-pubertal patients will be
eligible for oocyte cryopreservation;
however, for pre-pubertal and some post-
pubertal adolescents, OTC may be the
only practical option. Although there has
been at least one published case report of
a live birth after an auto-transplantation of
cryopreserved ovarian tissue from a 9-
year-old pre-pubertal girl (Matthews et al.,
2018), patients and their families should be
counselled on the relative novelty of the
technique and lack of long-term outcomes.
For this reason, OTC should be offered
under an institutional review board (IRB)
approved protocol in the paediatric
population. An additional consideration is
determination of the capacity of the minor
to consent/provide assent.

For prepubertal males the only option is
testicular biopsy and testicular tissue
cryopreservation. No pregnancies have
been documented in humans with this
technique, but live birth has been achieved
in the primate model (Faymomi et al.,
2019). For post-pubertal males who are
unwilling or unable to provide a sample by
masturbation, testicular sperm extraction
is an option.

Ethicists are key members of the
multidisciplinary oncofertility team and
should be involved early on when non-
standard therapies are considered.
Wallace and colleagues have
recommended a framework for patient
selection focusing on patients with the
highest risk of premature ovarian
insufficiency (Wallace et al., 2016).

Many families and competent childhood
cancer patients may ultimately decline
fertility preservation techniques.
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Nevertheless, these patients require long-
term follow-up once they are in remission
and stable. The reasons for follow-up may
include ongoing psychosocial support,
ensuring pubertal development with early
referral for pubertal delay, menstrual cycle
monitoring, contraception and healthy
sexuality, monitoring for reproductive side
effects of treatment (e.g. graft-versus-host
disease) and revisiting fertility preservation
options, if available. Overall, premature
ovarian insufficiency is uncommon (less
than 10%) in childhood cancer survivors;
however, many survivors can subsequently
have diminished ovarian reserve impacting
on future fertility (Klipstein et al., 2020;
Levine et al., 2018).

Although there is no marker for fertility,
AMH is commonly used to monitor ovarian
reserve (George et al., 2019). Overall,
survivors of childhood cancer often have
lower AMH concentrations compared with
a control group, increasing the risk of
infertility, reduced outcomes with ART and
early menopause (Lunsford et al., 2014).
While the risk of premature ovarian
insufficiency and infertility is present,
cancer survivors may have less awareness
regarding contraceptive options, and those
between the ages of 15 and 30 years were
more likely to terminate a pregnancy than
their age-matched control subjects (Green
et al., 2002;Winther et al., 2009),
highlighting the need for complete
reproductive care including contraception
and safe sexual practices. Of note, some
fertility preservation techniques can be
offered to children undergoing
gonadotoxic therapies for the treatment of
medical conditions like juvenile idiopathic
arthritis, SLE and conditions with reduced
ovarian reserve (galactosaemia and Turner
syndrome).

Summary statement:

7. Gonadal shielding and transposition is
the only established modality of fertility
preservation in the pre-pubertal
population.

Recommendations:

10. Consideration of the options for fertility
preservation in the pre-pubertal
population should be undertaken as part of
a multidisciplinary team, including
ethicists.

11. All children and adolescents undergoing
gonadotoxic therapy should have a
discussion of the fertility implications of
therapy and be offered referral to a
specialist infertility preservation.

12. All children and adolescents
undergoing fertility preservation should
have the option to provide assent for their
care in addition to parental/guardian
consent.

13. Post-pubertal patients should be
offered oocyte cryopreservation prior to
gonadotoxic therapy.

14. OTC in the paediatric population
should be undertaken as part of an IRB-
approved protocol.

15. Childhood survivors of cancer should
be monitored in a long-term follow-up
clinic and periodically re-reviewed
regarding their options for ongoing fertility
preservation.
CONCLUSION

Management of cancer and certain
medical conditions present a variety of
risks to fertility and pregnancy. Effective
fertility preservation options are available.
A multidisciplinary approach is key for the
appropriate and efficient delivery of these
services, including a timely referral for a
fertility preservation consultation and
assessment.
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