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Abstract Advances in early diagnosis and cancer treatment
have allowed the quality of life postcancer treatment as a
recognized issue, and efforts have been made to preserve the
fertility potential. Radiotherapy and chemotherapy have
detrimental effects on ovarian reserve. Well-established
methods against radiotherapy-induced gonadotoxicity are
pelvic shielding or removal of the ovaries from the radiation
field. Gonadal toxicity of chemotherapy depends mainly on
the type of treatment and patient’s age. In vitro fertilization
(IVF) and embryo cryopreservation are the most commonly
used procedures for females undergoing chemotherapy.
Oocyte cryopreservation is a promising method and has the
advantage of eliminating the contribution of a partner. Ovarian
tissue cryopreservation is experimental and the only method
for prepubertal girls. The trend toward delaying child-bearing

results in increased prevalence of age-related infertility and
has raised debates on social egg freezing in many countries.
Fertility preservations options for different indications are
discussed in the light of recent literature.
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Introduction

According to the American Cancer Society, 790,740 new
cancer cases are estimated to occur in females in 2012 within
a significant subset of them presenting in the reproductive age
[1]. Increased awareness of possible warning signs and regular
screening examinations result in the early detection of cancer
and improvement in survival rates. Quality of life (QoL)
issues in cancer survivors has gained increasing attention
following progress in successfully treating the disease. The
World Health Organization Quality of Life group defines
quality of life as individuals’ perception of their position in
life in the context of culture and value systems in which they
live and in relation to their goals, expectations, standards, and
concerns [2]. Preserving fertility is fundamental component of
QoL, and many cancer patients will choose a less effective
treatment if they believed it will reduce the adverse impact
on fertility.

Fertility is age-dependent and declines progressively
after age 35 years [3]. Today, in vitro fertilization (IVF)
is increasingly used for age-related infertility; even with
IVF, success rate for women aged 40 years and older is
low [4]. Fertility preservation technologies also can be
recommended to fertile women to stop the effects of
biological clock and preserve women’s reproductive
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autonomy. The purpose of this paper was to review the current
fertility preservation options for cancer patients and to discuss
developments in social fertility preservation.

Fertility Preservation for Female Patients with Cancer:
Who is at Risk?

Breast cancer is the most frequent cancer in women
followed by digestive and respiratory cancers. Based on rates
from 2007–2009, 12.38 % of women born today will be
diagnosed with cancer of the breast at some time during their
lifetime and 12 % of them will be diagnosed before age
44 years [5]. The overall 5-year relative survival is reported
as 89 % [5]. Breast cancer in the reproductive age patients
tends to be more aggressive and mostly requires gonadotoxic
adjuvant chemotherapy [6]. Furthermore, women with
estrogen receptor-positive tumors are usually given tamoxifen
or aromatase inhibitors to block the effects of estrogen on the
growth of breast cancer cells and they have to postpone
pregnancy for 5 years.

Pediatric and young adult cancer patients may experience
treatment-related side effects years after cancer treatment.
An estimated 12,060 new cases are expected to occur
among children 0 to 14 years of age in 2012. Overall
survival rate of childhood cancers is 83 % [1]. Dramatic
improvements in cancer treatment have exerted more
pronounced considerations on quality of life of cancer
survivors in terms of future fertility and maintenance
of ovarian endocrine functions. Increased awareness of
the gonadal insult after chemotherapy influenced the
chemotherapeutic regimens in the pediatric Hodgkin
lymphoma population. Traditional treatment with alkylating
agents has been modified to less gonadotoxic regimen,
and pelvic shielding for abdominal irradiation has been
introduced to management [7]. The 5-year survival
among children 0–14 years of age for Hodgkin lymphoma
is 95 % with the improvement in reproductive capacity
[1]. Traditional treatment modality for non-Hodgkin
lymphoma includes alkylating agents, which produce
high survival rates (86 %) but comes at a cost of increased
risk of gonadal failure [1, 8]. Furthermore, the prebone
marrow transplantation conditioning with high-dose
chemotherapy and radiation is the mainstay treatment
for many onco-hematological malignancies and is associated
with a high incidence of sterility.

An estimated 81,580 new cases of gynecological cancers
are expected in the United States in 2012 [1]. According to
SEER data, approximately 40.1 % of cervical cancer
patients, 12.3 % of ovarian cancer patients, and 7.5 % of
corpus and uterine cancers will be diagnosed before age
44 years [9–11]. The increased screening and earlier diagnosis
of gynecological cancers in women of reproductive age has

heightened the awareness of need for fertility preservation
(FP) as well. In selected patients, fertility-sparing surgery
can be recommended.

Effects of Chemotherapy and Radiotherapy

Primordial follicles make up the ovarian reserve, and they
are gradually depleted during the female life. Chemotherapy
targets the primordial follicles and compromises the repro-
ductive function. Extent of damage depends on the chemo-
therapeutic agent received, patient’s age, and dose of drug.
Younger patients have better ovarian reserve, and the effect
gonadal damage on the reproductive outcome is less severe
than in older patients [12]. Alkylating agents, such as
cyclophosphamide, ifosfamide, chlorambucil, melphalan,
procarbazine, and chlormethine, have high gonadotoxic
impact, whereas cisplatin and adriamycin are in the
medium-risk group and bleomycin, vincristine, methotrexate,
dactinomycin, mercaptopurine, and vinblastine are in the
low-risk group [12].

Radiation therapy has effects on primordial follicles, uterine
vasculature, uterine elasticity and volume, and endometrium
depending on the radiation dose, radiation field, fractionation
schedule, and age at the time of treatment. Lethal dose to
destroy half the total number of oocytes is less than 2 Gy
[13]. The effect of radiotherapy on ovarian follicular pool
is age-dependent. The radiation dose required for complete
ovarian failure at birth is 20.3 Gy, at 10 years 18.4 Gy, at
20 years 16.5 Gy, and 30 years 14.3 Gy [14]. As a result of
changes in the uterine myometrium, endometrium, and
vasculature secondary to radiation, there is an increased risk
for spontaneous miscarriage, intrauterine growth retardation,
preterm delivery, and placenta accretae [13, 15, 16]. Lastly,
cranial irradiation used for some childhood leukemias and
cranial tumors can disrupt the hypothalamic-pituitary-
gonadal axis resulting in delayed puberty, amenorrhea, and
infertility [7].

Fertility Preservation Options to Protect Ovarian
Functions

1. Ovarian suppression to prevent follicle damage

The number of follicles is estimated to be approximately
7 million at 20 weeks, and the stock of primordial follicles
is depleted starting from intrauterine life with a steep
decline beginning after age 35 years, resulting in sharp
decline of pregnancy and live birth rate even with IVF
[17–20]. Although the dynamics of primordial follicles
from resting to growing stage is not fully understood, the
primordial follicles lack follicle-stimulating hormone
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(FSH) receptor and initial recruitment is not dependent
on gonadotropins [21]. Gonadal protection from
chemotherapy with creating prepubertal hormonal
milieu was thought to help or work.

Gonadotropin-releasing hormone (GnRH) agonists
downregulate GnRH receptors, which results in
profound hypogonadal effect. In theory, suppressing
gonadotropins were supposed to prevent the primordial
follicles’ recruitment; however, primordial follicles
are not sensitive to gonadotropins. Although the main
proposed mechanism has lost its validity, many trials
are still ongoing due to its easy availability.

Resumption of menses and amenorrhoea were the
most common outcome measures among the studies
evaluating the effect of GnRH agonist on ovarian
function [22–28]. Resumption of menstruation following
treatment is not a reliable indicator of fertility. Some
patients may retain ovarian function despite lack of
menstrual activity, and some patients may preserve
menstruation while ovarian reserve is very poor.
Resumption of menses is expected to be higher in
hormone receptor-negative patients who do not receive
tamoxifen and in younger patients [26, 29]. Hormone
receptor status, age, and treatment type should be
considered while interpreting the results of the studies.
There is only one such trial so far in which amenorrhea
rates on triptorelin were comparable to those seen in
control group [27]. Antimüllerian hormone as an ovarian
reserve marker was evaluated for the benefit of
GnRH agonist cotreatment [24, 30••]. No significant
difference was detected in both studies. A recent
trial was closed prematurely for futility, because
the AMH level was reduced in all patients with or
without GnRHa cotreatment [30••]. To date, studies
investigating effect of GnRH agonist on ovarian
function are inconclusive and have shown no protection
for follicle damage.

2. Fertility preservation for patients receiving radiotherapy

Pelvic or abdominal shielding is required for some
cervical and vaginal cancers, Hodgkin’s disease,
and sarcomas. Pelvic shielding to reduce the radiation
to ovaries and uterus or removal of the ovaries from
the radiation field are the two standard procedures
for female patients receiving radiotherapy. The objective
is generally transposition of the ovaries at least 3 cm
above the upper border of radiation field [31]. The
classical laparoscopic approach includes dissection
of peritoneum and ovarian vessels up to the level
of aortic bifurcation to preserve vascularization,
mobilization of both ovaries by dissecting utero-ovarian
ligament, transposition of the ovaries to paracolic gutter,

fixation lateral and above the psoas muscle, and marking
the upper and lower parts of ovaries with hemoclips to
allow the localization during radiotherapy [32]. The
overall success rate defined as preservation of men-
strual function is 50 % [33]. Ovarian repositioning may
be needed for IVF when there is no spontaneous
pregnancy. Complications of ovarian transpositions are
pain due to ovarian cyst, chronic abdominal pain, and
difficulty diagnosing metastasis in the ovary [34].

3. Fertility-sparing surgery

Radical vaginal trachelectomy (RVT) with laparo-
scopic lymphadenectomy is a viable option for women
with early-stage cervical cancer [35]. Criteria for patient
selection are squamous cell carcinoma, adenocarcinoma,
adenosquamous, with exclusion of unfavorable histologic
stage, stage 1A1, 1A2, or 1B1 <2 cm, tumor limited to
cervix, and no evidence of lymphatic spread [32]. A
growing body of evidence in the literature shows that
RVT is a well-established FP option without compromis-
ing oncologic outcomes [35–41].

Conservative management of endometrial carcinomas
in young women is an unsolved issue. Younger age at
diagnosis corresponds to favorable prognostic factors,
such as low-grade histology, focal well-differentiated
lesion, estrogen-progesterone receptor-positive tumor,
and better overall survival [42]. However, the risk
of occult ovarian tumor in young patients with
endometrial carcinoma is approximately fivefold
higher than in postmenopausal women [43]. Early
onset of endometrial carcinoma also has a higher
risk of Lynch syndrome [44, 45]. Genetic counselling
and screening may be recommended.

Only young patients with grade I endometrial
adenocarcinoma without suspicion of myometrial,
lymph node, or ovarian involvement may be considered
as candidates for conservative treatment. Progestins are
the most frequently used for conservative treatment
[46–52]. Although the survival and fertility outcomes
are promising, there is no consensus on the type of
progestin, dose, duration, or mode of administration.
Some investigators propose combination of hysteroscopic
excision of the tumor with the underlying myometrium
and progestins [53, 54]. Results need to be validated with
further studies.

According to the guidelines of ACOG and Europe-
an Society of Medical Oncology, fertility-sparing sur-
gery, which corresponds to unilateral salpingo-
oophorectomy (USO), is recommended for patients
with early epithelial ovarian cancer (EOC) [55, 56].
Conservative surgery does not seem to compromise
the survival outcome in young patients with unilateral
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stage IA, grade 1 or 2, non-clear cell histology EOC
(tumor growth limited to one ovary; no ascites present
containing malignant cells; no tumor on the external
surface; capsule intact) [55, 56]. Malignant ovarian
germ-cell tumors, except for dysgerminomas, are in
most cases unilateral. Conservative surgery with USO
can be performed and in case of bilateral dysgermino-
mas bilateral cystectomy is the treatment of choice
[57]. Borderline ovarian tumors usually occur during
childbearing age. Standard surgery is USO or cystectomy
with surgical staging. Even though the recurrence is
higher compared with radical surgery, patient survival is
not affected [32, 57].

With appropriate patient selection, preoperative
counseling, postoperative follow-up, andmultidisciplinary
care, fertility-sparing surgery is a realistic option for FP.

Ovarian Tissue Cryopreservation

Ovarian tissue cryopreservation is the only option for
prepubertal patients undergoing gonadotoxic chemotherapy
or whole body irradiation and for sexually mature patients
who are reluctant to ovarian stimulation. Immature oocytes
within the antral follicles also can be collected from ovarian
biopsy specimens and can be vitrified following IVM,
because cryopreserving ovarian tissue saves the primordial
and primary follicles [58]. This combination of ovarian tissue
cryobanking and IVM improves the services provided
by a FP program.

Autotransplantation of cryopreserved ovarian tissue aims
to maintain the ovarian endocrine function: puberty, fertility,
and protection against bone loss. Ovarian cortex contains
the primordial follicles, which can be cryopreserved with
great efficiency [59]. Thin fragments of ovarian cortex (1- x
1- x 3-cm) are harvested by laparoscopy and cryopreserved.
The size and number of ovarian biopsies depends on the
patient’s age, because the main determinant of mean
concentration of the primordial follicles in the specimen is
age [59]. Frozen-thawed ovarian tissue can be transplanted
to near the infundibulopelvic ligament /ovary (orthotopic)
or extrapelvic sites, such as forearm and suprapubic
area (heterotropic).

Main concern in autotransplantation of the cyropreserved
ovarian tissue is reintroduction of malignant cells. Ovarian
tissue should be screened carefully to detect metastasis,
especially in leukemias. To date, there is no technology to
mature oocytes from cryopreserved ovarian tissue in
humans, so there is no feasible FP option for patients with
confirmed tumor cells in ovarian tissue biopsy. In the
literature, there are more than 15 human live births and
one girl had an induction of puberty following orthotopic
transplantation of the ovarian graft [60–69].

According to American Society of Clinical Oncology
(ASCO) recommendations, ovarian cryopreservation should
only be performed in centers with necessary expertise under
institutional review board-approved protocols that include
follow-up for recurrent cancer [33].

Ovarian Stimulation Protocols and Cryopreservation
of Oocytes/Embryos

IVF and embryo cryopreservation is the only method of
female FP approved by the American Society of Clinical
Oncology and American Society of Reproductive Medicine.
Controlled ovarian hyperstimulation and embryo cryopres-
ervation seem to be the most suitable approach for patients
who have a male partner and sufficient time. Oocyte cryo-
preservation is another option that overcomes the limitation
of the need for a contribution of a male partner. Oocyte and
embryo cryopreservation are reported to be safe in terms of
risk of congenital abnormalities [70, 71].

There are particular concerns regarding ovarian stimulation,
especially for breast cancer patients. Circulating estradiol
levels are elevated during conventional ovulation induction
for IVF. To avoid the potential risks of high E2 levels in breast
cancer patients with estrogen receptor-positive disease, a
stimulation protocol with aromatase inhibitor (letrozole) in
combinationwith gonadotropins was developed [72]. Letrozole
is started on the second or third day of the cycle in a dose
of 5 mg/day, and 2 days after letrozole administration
gonadotropins are started. GnRH antagonist is added when
the leading follicle is 14 mm or E2 level exceeds 918 pmol/l.
Final oocyte maturation is triggered by human chorionic
gonadotropin (HCG). Letrozole is reinitiated after oocyte
collection to decrease the E2 levels further. Letrozole is
continued until E2 levels fall below 183.5 pmol/l [72, 73].
This protocol resulted in 44 % reduction in gonadotropin
requirement, similar oocyte and embryo yield, and significantly
lower peak E2 levels [72, 74]. HCG has a long half-life and
prolongs estrogen production. The original protocol was mod-
ified with GnRH agonist triggering (1 mg leuprolide acetate)
for final oocyte maturation instead of HCG [75]. Following
trigger, estradiol levels dropped significantly in the luteal phase
and moderate-severe OHSS was completely eliminated [75].
GnRH seems to be a safer approach compared with HCG in
terms of less exposure to estradiol.

High E2 levels during stimulation and concerns about
delay of the initiation of treatment are the main reasons why
FP is not accepted among many patients [76]. Another
strategy is in vitro maturation of oocytes (IVM), which
expands the FP options for women who are not suitable
for stimulation. These patients may undergo immature
oocyte collection regardless of the day of cycle and cryopre-
serve resultant oocytes/embryos without any gonadotropin
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stimulation [77]. Completion of the FP procedure is between 2
to 10 days, preventing a delay in treatment of the primary
disease [78].

The interval from surgery to the start of chemotherapy is
usually 4 to 12 weeks. Two weeks of ovarian stimulation
from the onset of menses is required, but delays with the
referral and insufficient time to wait for menstrual period
necessitate emergency FP methods. Growing evidence
suggests that multiple waves of antral follicles are recruited
in each cycle instead of a single cohort of follicles growing
during the follicular phase [79]. Luteal phase immature and
mature oocyte collection has been reported to be successful in
terms of oocyte yield [77, 80–82]. Oktay et al. reported
immature oocyte collection after premature LH surge in a
breast cancer patient undergoing letrozole stimulation [80].
We reported three cases between days 15 to 30 of the cycle
with insufficient time for conventional stimulation. Five to
seven immature oocytes were recovered, and following IVM
three to five oocytes matured and were cryopreserved [77].
Based on the theory of multiple waves of antral follicular
recruitment, random start controlled ovarian stimulation
approach was developed [81]. Random start of letrozole
with combination of r-FSH between days 11 to 17 of
the cycle resulted in mature oocyte yield and satisfactory
numbers of cryopreserved embryos as well [82].

Social Fertility Preservation

To date, oocyte cryopreservation was reserved for FP in
patients with cancer or autoimmune disease. The average
age for women having their first child is climbing, and IVF
is increasingly applied for age-related infertility [83]. Fertility
declines sharply with age; women older than age 35 years who
have delayed childbearing may face difficulty conceiving and
increased risk of miscarriage and delivering a child with
genetic/congenital abnormalities [3]. In a recent study, 328
university students were asked how they would feel and react
if hypothetically presented with unfavorable ovarian reserve
test results. Only 29 % of the women agreed to take action
regarding their education and work despite the bad
news. Participants were reluctant to postpone or stop their
education/career, but 53 % of them said they would agree to
freeze oocytes [84].

With the introduction of vitrification technique for
oocytes, reproductive outcomes dramatically increased
compared with the slow-cooling technique. Survival rate
after vitrification and warming was reported to be 90 % to
99.4 % [85–89]. Fertilization rates, embryo development,
and implantation rates were shown to be similar to those
from the fresh oocytes [85–89]. Vitrified oocytes retain their
reproductive potential and are not affected by the vitrification
procedure in young women.

Cryopreservation of the oocytes gives women the
opportunity to become pregnant at their discretion and release
the pressure about biological clock. In a cost-effectiveness
study on oocyte freezing, a decision-analytical model for
35-year-old women who want to postpone pregnancy until
age 40 years was used. If patients freeze oocytes at age 35 and
use them at age 40, the cumulative live birth would be 84 %
with miscarriage rate of 26 %. Oocyte freezing is cost-
effective if at least 61 % of the women return to collect their
oocytes, and if there is a willingness to pay €19,560 extra per
additional live birth [90].

Data indicate that approximately 20–25 frozen oocytes
are needed to achieve a satisfactory clinical pregnancy rate
in patients younger than age 35 years [71, 91, 92••]. Multi-
ple stimulated IVF cycles are needed to achieve this number
of oocytes; however, natural cycle IVF, IVM can be offered
to these healthy patients with the advantages of lower cost,
less-medication, simplicity, and total elimination of the risk
of ovarian hyperstimulation syndrome (OHSS).

Conclusions

Cryopreservation of embryos is the standard practice. Conser-
vative surgeries and transposition of the ovaries or gonadal
shielding before radiotherapy are other options for selected
patients [33]. Cryopreservation of oocytes and ovarian tissue
were pronounced as experimental options to preserve repro-
ductive function in women in the 2006 recommendations of
ASCO; however, continued research in oocyte vitrification
made FP possible for patients without partners or who do not
want to preserve embryos [33]. Given that reproductive out-
comes are similar in vitrified and fresh oocytes, oocyte freezing
should no longer be considered experimental.

Preserving fertility is a major issue, especially for young
cancer patients with high survival rates. Seventy-three
percent of young breast cancer patients reported concerns
about their fertility, and 29 % of the women indicated that
concern about fertility impacted their treatment decision [93].
ASCO recommends that the oncologist should address the
possibility of infertility following cancer treatment, discuss
FP options, and refer interested patients to reproductive
specialists [33]. Unfortunately, 50 % of patients received
little information about fertility options from the oncology
team and were referred to a reproductive endocrinologist
[94]. Recent study found out that only 7.6 % of the breast
cancer patients underwent FP following FP consultation [95].
Another recent study found that after a single FP consultation,
only 50 % of the information was understood correctly.
Additional contact with a fertility specialist and discussing
FP with someone else increased the post-visit knowledge
[96••]. There is too much information to process for a patient
undergoing the stress of a newly diagnosed cancer; additional
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care and support can increase the comprehension of FP
options. Oncologists’ prompt referral and additional
support from the fertility clinic may help these patients
to make a healthier decision regarding their future fertility.

Although women’s request for FP to protect reproductive
potential against the effect of time is not generally classified
as a disease-related reason, age-related infertility is large
part of the current need for IVF. More enlightened thinking
will make FP for age-related declining fertility considered as
preventive medicine and offered as an option to the general
population. The European Society of Human Reproduction
and Embryology recommends promoting efforts designed
to raise awareness of age-related female fertility and to
refrain from passing judgement on a woman’s motives
for postponing childbearing [97]. Women interested in
oocyte cryopreservation for age-related infertility should
be informed carefully with the target of 20–25 vitrified
oocytes for reasonable live birth rates [71, 92••].
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