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Abstract. Increasing accessibility of fertility preservation
(FP) options has permitted women to retain fertility following
anticancer therapies. Several published guidelines have made
recommendations for FP however their implementation into
practice is currently unknown. In this review, we aim to
provide oncology clinicians practical information about FP
options for post-pubescent female cancer patients and recom-
mendations for care delivery in order to answer preliminary
questions and help triage whether FP referral is appropriate.
Herein, we present a resource for oncology providers to guide
them with FP discussions. Key points that are discussed in this
critical review include: i) All cancer patients beginning a new
plan of care should be informed of potential fertility risk. ii)
If a woman requests further information on FP interventions,
referral to a FP clinic should be made. iii) Given the evolving
technologies in this area, patients should be informed of those
which are proven and unproven, with oocyte and embryo
preservation recognized as standard practice. iv) Random start
(independent of menstrual cycle day) techniques are available
to minimize oncologic treatment delays. v) Specific protocols
for ovarian stimulation may be center-specific. vi) There
is unlikely an increased cancer recurrence risk as a result
of stimulation protocols in women with hormone-sensitive
cancers. vii) Lastly, given the absence of consensus in the
literature, routine use of GnRH analogs is not recommended
for all cancer patients, however may be considered in select
cases, such as high-risk women in whom definitive FP is not
possible or feasible.
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Introduction

Modern cancer therapies have led to increasing survival for
young women with cancer (1). Many of these treatments
can lead to detrimental impact on a woman's fertility, such
as alkylating agents and radiation therapy (1,2). As more
young women with cancer survive, issues such as fertility
preservation increase in importance. This is evident from the
number of publications and guidelines that have been recently
published (2-6). Despite these recommendations, the provision
of fertility preservation remains low (7,8). Lack of health care
provider knowledge has been documented as a possible reason
for lack of fertility preservation discussions and referrals.

The purpose of this guideline is to provide oncology health-
care providers with practical information about fertility
preservation (FP) for post-pubescent female cancer patients.
This work was undertaken at the Princess Margaret Cancer
Center (PM) in Toronto, Canada, a large adult academic cancer
centre, to provide a practical resource to health care providers
in busy oncology clinics. This document is organized based
on common topics that arise during acute treatment oncology
care. The target readership for this guideline are physicians,
nurse practitioners, nurses, pharmacists and social workers
involved in cancer care delivery.

Data collection methods

A systematic literature review of published literature from
January 2000 to June 2014 was completed using MEDLINE
with search items: fertility preservation and cancer, cancer
and female fertility, and fertility preservation and reviews.
The most recent international oncology guidelines regarding
FP in female cancer patients were also identified for which
these practical guidelines were drafted upon. All recom-
mendations were drawn from the literature search, with the
available evidence provided to reviewing content experts.
Once completed, eight subspecialty content experts at PM
critiqued and reviewed the guidelines, to ensure agreement.
After the initial review, revisions were made and recirculated
to the content experts for final review and endorsement.
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Recommendations in this guideline are graded as per the
GRADE system (Grading of Recommendations, Assessment,
Development and Evaluation) (9). In GRADE, grades have
two components: a two-level representation of the strength of
recommendation (strong or weak) and a four-level representa-
tion of the quality of the evidence (high, moderate, low, and
very low).

Results

Infertility defined. The two major categories of infertility
relating to cancer treatment include acute ovarian failure
(AOF) and premature (or primary) ovarian insufficiency or
failure (POI/POF) (10). Patients who lose ovarian function
during cancer therapy or shortly after its completion are classi-
fied as having acute ovarian failure (AOF). Patients, who retain
ovarian function after therapy completion and then experience
the trio of amenorrhea, hypoestrogenism and hypergonadot-
ropism before the age of 40, are classified as having POI (10).
POI and AOF are not mutually exclusive and it is possible for
a patient to have both diagnoses. POI and AOF exist along the
same disease gradient, and it is possible that those with AOF
have residual ovarian activity, or may regain ovarian activity.
An individual's true ovarian reserve prior to anti-cancer treat-
ment and post treatment cannot be determined with complete
accuracy (1).

Quantifying the risk of infertility. Estimating the risk of
infertility in women after cancer therapy depends on several
patient factors including: cancer profile (type, site of disease),
general health, baseline fertility and patient age at exposure to
gonadotoxic agents and patient's current age (11). Treatment
factors that influence fertility include: total cumulative dose of
alkylating agents, cumulative gonadal toxicity of multi-drug
chemotherapy regimens, radiotherapy location and dose, and
surgery to reproductive organs (3,12). The risk can be summa-
rized as the chance of AOF with treatment, or POI/POF in the
years following treatment. The known and potential fertility
risks of all cancer treatments should be considered when
counseling patients regarding fertility impact. The decision
to pursue FP intervention is the patient's choice and will be
influenced by the estimated risk to fertility and current patient
age (3). Although the success for FP in women over 40 is
low (13), information is key, and discussions regarding risk
to fertility should occur irrespective of age. The likelihood of
achieving successful preservation if pursued is a secondary
issue. Patients with the potential for POF should be advised
that the biggest challenge remains the uncertainty regarding
estimating the optimal time window for oocyte preservation
and balancing costs of preservation of fertilized embryos
versus unfertilized oocytes. For example, for an unpartnered
woman who currently has adequate ovarian function, she must
choose between preserving oocytes now, or waiting until she
is ready to preserve embryos (either with donor and/or partner
sperm).

Timing of fertility discussion. There are at least two points in
the cancer journey that fertility should be discussed: i) at diag-
nosis and ii) at the end of primary cancer treatment. All newly
diagnosed cancer patients and patients beginning a new plan
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of care should be informed of the potential risk (if any) of the
proposed treatment plan to their fertility as a standard part of
a treatment and consent discussion (recommendation: Strong,
level of evidence: Low) (3). Patients may require immediate
initiation of cancer therapy or may be too ill to undergo FP
procedures, but, regardless, should be informed of the potential
risks to fertility and be made aware of the reason(s) why she is
not a suitable candidate for FP interventions. Documentation
of this fertility discussion into the patient chart, prior to onset
of treatment, should take place (recommendation: Strong, level
of evidence: Low) (3).

A reproductive specialist or health care provider should

be involved to discuss FP interventions if a patient requests
this information (recommendation: Strong, level of evidence:
Low). Patients should be informed of all FP options, including
proven and unproven technologies being evaluated through
trials (recommendation: Strong, level of evidence: Low) (3).
These discussions can happen with various members of the
health care teams including nurse navigators (when available),
primary oncologists, or reproductive specialists. The decision
to pursue FP interventions is up to the patient and family;
declining to pursue any intervention is always acceptable.
As there may be an opportunity to preserve fertility in women
following the completion of cancer therapy, women who may
still be interested in childbearing should be sent for formal
ovarian function assessment through their local fertility clinic
approximately 6 months after completion of anti-cancer
therapy.

FP interventions available for women. Available FP technolo-
gies and interventions for females are listed in Table I.

Usefulness of gonadotropin-releasing hormone (GnRH)
analogs in preserving fertility. Gonadal protection through
hormonal manipulation with GnRH analogs for FP in women
treated with gonadotoxic chemotherapy has demonstrated
conflicting results (3,14-26). Published clinical guidelines
from clinical associations are variable in their recommenda-
tions regarding GnRH analogs. The American Society of
Clinical Oncology does not support the use of GnRH analogs;
however, the Canadian Fertility and Andrology Society
supports their use in FP (3,27). Patients and families should
be made aware of this treatment and the conflicting data in
the literature regarding the use of GnRH analogs to protect
ovarian function. Emerging evidence in the breast cancer
population suggest potential benefit with increased pregnancy
rates post treatment (28), however, the study had limitations,
including the use of surrogate endpoints with poor correlation
to ovarian function, and lack of information on assisted repro-
ductive technology usage. Given the absence of consensus
in the literature, routine use of GnRH analogs is not recom-
mended for the purpose of fertility preservation, however may
be considered in select cases, especially in high-risk women in
whom definitive FP is not possible or feasible (recommenda-
tion: Strong, level of evidence: Moderate).

Potential benefit of ovarian transposition (oophoropexy).
Oophoropexy is a treatment strategy to move ovaries away from
the radiation field when pelvic radiation is performed (3,12,29).
Due to radiation scatter and post-procedure migration, ovaries
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Table I. Fertility preservation strategies dependent on type of treatment.

If the treatment includes

Consider the following options

Cancer surgery

Radiation therapy to pelvis and gonads

Cytotoxic treatment with high gonadotoxicity

Endocrine therapy for estrogen sensitive breast cancer

1
2
3
1
2
3
1
1

. Fertility sparing surgery (gonad preservation)
. Uterus preservation
. Cryopreservation if high risk of gonadal damage anticipated

. Shielding to reduce damage to ovaries

. Ovarian transposition

. Cryopreservation if high risk of gonadal damage anticipated
. Cryopreservation

. Cryopreservation if age at completion of treatment is at a time

when natural fertility is likely low
- >33 years of age at start of treatment if 5 years planned
- >28 years of age at start of treatment if 10 years planned

Adapted from Rodriguez-Wallberg and Oktay, 2014 (12).

are not always protected and patients should be advised of
the possibility of lack of success (3). The procedure should
be performed as close to the time of radiation treatment onset
due to risk of re-migration of the ovaries (30), and can be done
laparoscopically or through a laparotomy (31,32). Concerns
have been raised regarding the efficacy of this procedure, as
success, measured by preservation of short-term menstrual
function, is ~50% (33). The main reasons for failure include
radiation scatter, risk to the blood supply of the ovary during
this procedure, which in itself may diminish ovarian function
over time, and re-migration (31,32).

Spontaneous pregnancies have been reported in women
with transposed ovaries, without the need for re-positioning of
ovaries (34). However, if infertility develops and in vitro fertil-
ization is needed after ovarian transposition, oocyte retrieval
may be more complicated (35). Either a second procedure is
needed to reposition the ovaries to the pelvis (34), or egg collec-
tion is performed percutaneously with the risk of reducing the
efficiency of this procedure (35). Other risks include ovarian
dysfunction leading to ovarian cysts and the theoretical risk of
increased difficulty diagnosing ovarian cancer if the ovaries
are no longer palpable on bimanual examination (33). Thus,
transposition may be helpful to offer some ovarian protection,
especially if oocyte harvesting is not practical prior to the
initiation of therapy, albeit with the aforementioned caveats.

Feasibility of ovarian tissue cryopreservation (OTC) and
re-transplantation. OTC is a process in which strips of ovarian
cortical tissue are harvested by minimally invasive laparo-
scopic surgery under a general anesthetic. OTC and future
transplantation is a potential option for women who are unable
to undertake ovarian stimulation and traditional transvaginal
oocyte retrieval. This technique may be considered, particu-
larly in women who are anyways undergoing pelvic surgery,
who are then destined to require adjuvant pelvic radiation
therapy. The amount of tissue required for optimal FP (i.e.,
the whole ovary or merely strips from the ovarian cortex) is
unclear; however, typically the cortex of an entire ovary is
preserved in adult patients (33). The ovarian tissue may be

utilized in two ways: 1) tissue may be thawed and re-implanted
at a later date in order to reconstitute ovarian reserve, or ii)
alternatively oocytes from cortical strips could be harvested
to be used in IVF.

OTC proves advantageous as it does not require ovarian
stimulation, with less delay to starting cancer therapy;
however, this technique is considered experimental (33),
remains an unproven technology, and requires operating room
and anesthesia time. There are only a few centers worldwide
demonstrating successful live births using re-implanted
OTC (36). Referred patients must be medically fit and able to
undergo a laparoscopic abdominal procedure.

The biggest issue with OTC remains the growing and
substantial concern regarding the reintroduction of malignant
or pre-malignant cells with re-implanted ovarian tissue. This
is of exceptional consideration in patients with hematologic
malignancies (37), and is contraindicated in patients with
leukemia (38), with extreme caution still required in solid
tumors (39-41). Ideally, consideration for this procedure
should be undertaken only in the context of a clinical trial,
where follow-up for and reporting of recurrent cancer and
pregnancies is feasible (33).

Embryo and/or oocyte cryopreservation (OC). Ideally, OC
and/or embryo preservation should be offered prior to cancer
therapy. If this is not feasible, it then should be considered
following the completion of cancer therapy, however ovarian
reserves may be depleted and stimulation/harvest may not be
successful (3). If post-therapy preservation is being considered,
a 6-month washout is recommended following chemotherapy
(recommendation: Strong, level of evidence: Low). OC should
occur before the onset of cytotoxic therapy in patients at high
risk for treatment-related AOF (recommendation: Strong, level
of evidence: Moderate) (3), such as in women greater than age 35
at diagnosis. OC and embryo preservation are both considered
established, non-experimental FP methods (recommendation:
Strong, level of evidence: Low). Embryo preservation requires
sperm (either from a partner or sperm bank) which is used to
fertilize the oocyte prior to freezing (3,12).
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Table II. Ovarian stimulation protocol timelines.
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Timeline Procedure

Baseline Tests are conducted prior to any treatment. A baseline ultrasound examination and a blood test
(usually for FSH, estradiol and AMH). Cycle day is determined by the clinic.

Day 3-12 Ovarian stimulation. Daily injectable fertility medications begin on a day that is chosen by the

cycle coordinator.
Day 5 post stimulation
aspiration.
Day 8-12 post stimulation

Cycle monitoring. Regular office visits start and are continued every 1-2 days until follicle

Ovulation induction. Ovulation is triggered with an injection of HCG, or a GnRH agonist,

administered when the follicles are judged to be mature based on ultrasound and hormone criteria.

36 h after HCG injection

Egg retrieval. Women undergo an aspiration procedure that takes <30 min.

Women arrive at the clinic 1 h before the scheduled retrieval procedure and go home

approximately 2 h afterwards.

AMH, anti-mullerian hormone; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; HCG, human chorionic gonado-

tropin. Adapted from Rodriguez-Wallberg and Oktay, 2014 (12).

Both embryo and OC require referral to a fertility/repro-
ductive health clinic. Procedures are often undertaken under
light sedation through a transvaginal approach. Patients need
to be medically fit with stable blood counts. Transmittable
disease screening (syphilis screen, hepatitis C virus serology,
hepatitis B surface antigen, HIV1/HIV2 serology) is required
prior to undergoing any procedures.

Length of OC. Previously, oocyte preservation could take up
to 6 weeks to complete depending on the phase of menstrual
cycle. This option may not be suitable for patients with clinical
conditions that preclude a delay in starting therapy (recommen-
dation: Strong, level of evidence: Low) (3,12,42,43). Controlled
ovarian stimulation requires daily subcutaneous injections for
9-13 days and multiple transvaginal ultrasounds and blood
tests, and transvaginal aspiration under mild sedation. Now,
‘random start’ protocols are becoming increasingly available
which preclude cycle dependency and shorten the preservation
time to 10-14 days; thus, women may not need to be at the
beginning of a menstrual cycle at the time of stimulation (44).
Random stimulation is currently a newer technique and may
not be available at all fertility clinics. Stimulation protocol
decisions will be made by the fertility clinic with input from
the treating oncologist regarding urgency of treatment. It is
important to note that most women will not have enough time
to pursue more than one cycle of harvesting, and so, should
the first cycle fail or lead to poor oocyte retrieval, additional
cycles may not be possible. Patients should be seen as soon as
possible by a fertility specialist to minimize delays.

Typical ovarian simulation protocol. Previously, concern
has been raised regarding the safety of ovarian stimulation
in hormone-sensitive malignancies and cancer recurrence.
Limited by selection bias and short-term follow-up, available
data do not indicate increased cancer recurrence risk as a
result of stimulation protocols (recommendation: Strong, level
of evidence: Low) (45).

Oocyte stimulation protocols generally involve the use of
3-4 types of drugs: i) A medication (a GnRH analogue) to

suppress the luteinizing hormone (LH) surge and ovulation
(until the developing eggs are ready); ii) a follicle stimu-
lating hormone (FSH) product to stimulate development of
multiple eggs; iii) an LH containing product may be added to
the regimen; iv) human chorionic gonadotropin or a GnRH
agonist trigger to cause final maturation of the eggs (46).
Typical timelines a patient may experience are identified in
Table II.

Likelihood of successful pregnancy after oocyte or embryo
[freezing. Pregnancy rates with embryo and OC are specific to
individual fertility clinics (47). Subsequent successful pregnan-
cies are dependent on the quality of the eggs, which is inversely
related to female age at retrieval (44). Success is also related to
the thawing process, the ability to fertilize the thawed oocyte
(for those who underwent OC alone) and the ability of the
implanted embryos to develop into pregnancies (48). Overall
pregnancy rates for OC range from 7-25% (48).

Embryo freezing has a long history and many IVF centers
are able to maintain live-birth rates of >25% after transfer
of embryos created from eggs collected from women under
36 years of age. Success rates fall significantly as patients
move beyond this age threshold (44). The overall IVF clinical
pregnancy rate in Canada from embryo preservation is 32%
per cycle started, 34% per egg retrieval procedure, and 39%
per embryo transfer procedure. This does not take into account
the thawing process (47).

Tamoxifen. In addition to agents with potential gonadotox-
icity, consideration should be given to the impact of agents
which delays a woman's ability to consider pregnancy due to
prolonged exposure to agents with teratogenic potential. For
example, pre-menopausal women with breast cancer may
require adjuvant endocrine therapy, such as with tamoxifen,
which, while is not directly gonadotoxic, is teratogenic and
women taking this medication should not attempt pregnancy.
As tamoxifen is used for a duration of 5-10 years in the adju-
vant setting, a woman's fertility is affected by the negative
impact of increasing age while receiving tamoxifen (12).
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Specifically, the woman's anticipated age at the end of
treatment is an important factor to consider during decisions
to pursue FP interventions at diagnosis. For example, if a
woman's age upon tamoxifen completion is 30, she may wish
to postpone oocyte cryopreservation until then. However, if
age upon completion is greater than 35, she may rather choose
to harvest prior to initiation of tamoxifen (49). There is limited
evidence to guide clinicians regarding the safety of temporary
cessation of tamoxifen in order to attempt pregnancy. An
international clinical trial is currently underway to evaluate
this question, the results of which will be very important
for women facing this challenging situation (POSITIVE: A
study evaluating the pregnancy outcomes and safety of inter-
rupting endocrine therapy for young women with endocrine
responsive breast cancer who desire pregnancy) (50). For the
moment, individual oncologists should encourage and create
an environment receptive to open dialogue with their patients,
to balance the potential risks of holding tamoxifen for concep-
tion and gestation with the desire of pregnancy and focus on
the substantial uncertainties regarding risk estimates.

Impacts on discussions regarding FP. Multiple strategies exist
to address fertility discussions and facilitation of FP referrals
including the provision of written materials (51), web-based
decision aids (52,53), the development of dedicated clinical
programs (54), and the identification of a fertility preserva-
tion network with access to infertility expertise at respective
oncology centers (54). Whenever possible, team members who
have the time and expertise to have the conversations should
be identified in order to maximize opportunities for consistent
information delivery to patients.

In conclusion, delivery of FP to female cancer patients
who desire such treatments can be challenging. This guideline
provides practical information, recommendations and strategies
on the implementation of FP for practicing oncology teams to
use in real-time when seeing their patients. Discussion of infer-
tility risk is recommended for all patients who may be affected
as part of the standard consent process at the time of treatment
discussion. Whenever possible, conduits to permit ongoing
discussion to help with decision-making should be implemented
in cancer programs to ensure equal access to information.
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