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About the Author

Abstract Cancer may be detected at any age and could
affect children, and reproductive age women as well. In
recent years, cancer treatment has become less destructive
and more specific. As a result, survival rates and quality of
life following successful treatment have continuously
improved. Cancer treatment typically involves surgery,
chemo- or radiation therapy, or the combinations of these.
These interventions often adversely affect the function of
the reproductive organs. Chemo- and radiation therapy are
known to be gonadotoxic. Survivors of oncologic therapy
are typically rendered infertile primarily due to the loss of
ovarian function. There are, however, several medical,
surgical, and assisted reproductive technology options that
could be and should be offered to those diagnosed with
cancer and wish to maintain their fertility. Embryo
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cryopreservation has been available for decades and has
been successfully applied for fertility preservation in
women diagnosed with cancer. Recent advances in cryo-
biology have increased the efficacy of not just embryo but
even oocyte and ovarian tissue freezing—thawing. Oocyte
vitrification just like embryo cryopreservation requires the
use of stimulation but does not require the patient to be in a
stable relationship or accept the use of donor sperm.
Ovarian tissue cryopreservation does not require stimula-
tion and, following successful transplantation, provides the
patient with the most eggs but is currently still considered
experimental. This paper summarizes the various fertility-
sparing medical, surgical and assisted reproductive tech-
nology options. It reviews the current status of embryo,
oocyte, and ovarian tissue cryopreservation and discusses
their risks and benefits.
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Introduction

In 2014, 810,320 new cases of cancers are predicted to
occur among women in the US. In about one third of them,
the patient will not survive the disease. While the majority
of cancers occur later in life, certain cancers are typical
among children and young adults, and other types of can-
cers that are more common at an advanced age can also be
diagnosed in reproductive age women. Breast cancer is the
most commonly found malignancy among women fol-
lowed by lung, colorectal, uterine, and thyroid cancer. In
the 20-39 year-old group, breast cancer, cervical cancer,
leukemia, and colorectal and central nervous system can-
cers are the five leading causes of cancer death [1].

Cancer therapy usually requires the combination of
surgery and chemo- and/or radiation therapy. Such treat-
ment will typically result in sterility as both radiation and
chemotherapy are toxic to the germ cells and destroy the
latter [2].

Cancer treatment, however, has become more specific,
effective, and less destructive, resulting in improved sur-
vival and better quality of life following completion of
therapy [1]. Following successful treatment, reproductive
age women who wish to become pregnant often face the
problem of infertility though primarily due to the loss of
follicles. Their desire to have a family needs to be
addressed prior to initiation of therapy as there are
numerous surgical, medical, and assisted reproductive
technology (ART) options that could be offered, and these
could help them start a family in the future. This paper
reviews the currently available surgical, medical, and ART
options that could be offered to reproductive age women
with the diagnosis of cancer who wish to maintain their
fertility.

Discussion
Surgical Options

Gynecologic cancers (e.g., cervical, uterine, ovarian can-
cer) initially are typically managed by surgery. Cervical
cancer is mainly associated with human papilloma virus
infection, and routine screening can pick up precancerous
lesions as well as early cancer [3]. While the standard of
care for early-stage cervical cancer is radical hysterectomy
with post- or pre-operative radiation and chemotherapy,
disease localized to the cervix (up to stage IIb) can be
managed by conservative surgery. Radical trachelectomy
involves the removal of the cervix, upper vagina, para-
metrium, and proper lymph node sampling but retains the
uterine corpus [4, 5]. In well-selected cases, the survival
rate is similar to that achieved following radical
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hysterectomy. Spontaneous conceptions as well as preg-
nancies through ART have been reported following this
approach [6]. Due to the lack of cervix, these pregnancies
are complicated by a higher risk of miscarriage and preterm
delivery, and the incidence of low birth weight is increased
as well. It is important to minimize the risk of multiple
pregnancies for fear of preterm delivery.

Radiation therapy in the abdominal area may be
required in cases of cervical cancer, lymphoma, etc.
Radiation destroys the ovarian follicles in a dose-depen-
dent manner and, when used in doses in excess of 800 cGy,
ovarian failure likely develops [7]. However, when the
radiation does not directly reach the ovaries, the destructive
effect is reduced as well. Therefore, by placing the ovaries
out of the field of direct radiation, the ovarian function can
be salvaged. Laparoscopic transposition of the ovaries out
of the field of direct radiation results in close to 90 %
maintenance of ovarian activity in women less than the age
of 40 [8]. Transposition of the ovaries 3 or more cm out of
the field of radiation will give best results [9].

Ovarian cancer is typically diagnosed at an advanced
stage (stage III-IV). Proper staging involves the removal of
the uterus, both adnexa, lymph nodes, omentum, any
involved area, and pelvic washings. Unilateral oophorec-
tomy or the use of chemo-, radiation therapy alone can be
considered for early-stage disease (I A-C) and less-
aggressive histologic types (germ cell tumors, borderline
tumors). Conservative surgery has even been explored for
early-stage epithelial ovarian cancer as well [10-12].

While surgery plays a crucial role in the proper diag-
nosis and treatment of cancers of the female reproductive
organs, in well-selected cases following proper counseling,
a less radical approach can be offered without compro-
mising long-term outcome. These options should be dis-
cussed with the patient who wishes to have children later
on.

Medical Options

In reproductive age women, endometrial cancer is typically
induced by prolonged unopposed estrogen exposure (e.g.,
chronic anovulation) resulting in uncontrolled prolifera-
tion. While definitive therapy involves the removal of the
uterus, when the diagnosis is made at an early-stage (well-
differentiated cancer localized to the endometrium), med-
ical therapy using high dose progesterone can be consid-
ered [13, 14]. Usually medroxyprogesterone-acetate or
megestrol-acetate is used over at least a 3—6-month period.
There are no clear guidelines on the appropriate dose or
duration of the treatment, however. It is also not clear how
(by ultrasound, hysteroscopy, or repeat biopsies) these
patients should be followed and for how long. According to
a recent meta-analysis, remission can be achieved in a
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majority of the cases (rarely beyond the first year though),
but one has to consider the possibility of recurrence as well
(recurrence rates continuously increase up to 2 years).
Medroxyprogesterone-acetate seems to be associated with
the best results [15].

Chemotherapy may be gonadotoxic, and could result in
gonadal failure. The impact depends on the agent used
(alkylating agents are the most gonadotoxic), duration of
exposure, patient’s age, and ovarian reserve at the initiation
of therapy [16]. It is believed that, by suppressing ovarian
activity by gonadotropin-releasing hormone (GnRh) ana-
logue and rendering it inactive, the toxic exposure could be
limited. Promising results have been published with the use
of GnRh analogues prior to and during chemotherapy
though not all reports confirm the protective effect [17, 18].
A meta-analysis of six randomized trials by Bedaiwy and
colleagues reported higher rate of spontaneous cycle and
ovulation recurrence in GnRh agonist-cotreated patients
but found no significant benefit when pregnancy rates were
compared [19]. Considering the potential side effects of
long-term GnRH agonist therapy (vasomotor symptoms,
bone loss) and the lack of definitive supportive evidence,
its routine use is currently not recommended for the pres-
ervation of fertility among those undergoing chemotherapy
[20].

These surgical and medical options can be offered only
to selected cancer patients. The use of conservative meth-
ods should only be offered following proper counseling and
ensuring the patient’s understanding that she does take an
often unknown risk with the less-aggressive treatments.
Recent improvements in the field of ART, especially in the
field of cryopreservation, have opened up safer alternative
ways to maintain fertility to those diagnosed with cancer
during the reproductive years.

Assisted Reproductive Technology—Embryo
Cryopreservation

Embryo cryopreservation, the most well-established
method of fertility preservation, has an over-three-decade
history [21]. This option can be offered to those who are
either in a stable relationship or accept the use of donated
sperm. Embryo cryopreservation requires the patient to
undergo a full IVF cycle involving ovarian stimulation. In
some cases, however, the patient cannot afford to delay
oncologic treatment, and therefore, IVF is not considered
an option. In other cases, the use of stimulation may have
an adverse impact on the prognosis of cancer therapy
(hormone sensitive tumors, e.g., breast cancer). Embryo
cryopreservation is not an option for prepubertal girls.
There are several cryopreservation protocols in use:
computer-controlled slow-freezing and vitrification (con-
ventional or ultra-rapid). Nowadays, vitrification is
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increasingly replacing slow-freezing. Embryo cryopreser-
vation requires the use of cryoprotectants (e.g., 1,2-pro-
panediol [PROH], dimethyl-sulfoxide [DMSO] or
glycerin). The concentration of the cryoprotectant and the
cooling rate differ between these methods. Embryos then
can be stored for many years in plastic straws in liquid
nitrogen containers [22].

Following successful cancer therapy, embryos can be
transferred in a natural, stimulated, or artificial cycle.
Frozen-thawed embryos can also be transferred into a
surrogate mother; so this is an option for those who have to
have their uteri removed during the management of cancer
or for those who are not allowed to become pregnant due to
fear of cancer recurrence.

Success with cryopreservation depends on the method of
cryopreservation, developmental stage, and quality of
embryo [22].

A disadvantage of embryo cryopreservation for the
patient expecting to start cancer therapy is the need for
ovarian stimulation. This traditionally is started with the
onset of menses. Waiting for the menstruation and then the
delay due to the stimulation and retrieval may compromise
the outcome of cancer therapy. Several groups have
reported successful stimulation: retrieval of mature oocytes
with random start stimulation (even luteal phase start)
using the combination of letrozole and gonadotropins in
patients undergoing stimulation for fertility preservation
[23, 24].

While stimulation increases the efficacy of IVF, it also
leads to endocrine changes that could be undesirable in
case of hormone-sensitive tumors, primarily in the case of
breast cancer. Several alternative stimulation protocols
using anti-estrogens (tamoxifen), aromatase inhibitors (le-
trozole), or their combination with gonadotropins were
assessed and were shown not to compromise the oncologic
outcome [25, 26].

Embryo cryopreservation is an effective method of
fertility preservation when the use of stimulation is not
contraindicated, when there is time to carry the IVF pro-
cedure out, and for those who have a partner or accept
donor sperm use. Those who do not meet these criteria may
elect to have oocytes or ovarian tissue frozen.

Assisted Reproductive Technology—Qocyte
Cryopreservation

The first birth with the use of frozen-thawed oocyte was
reported in 1986 [27]. Despite this early success, it took a
long-time before oocyte cryopreservation became an
accepted method of fertility preservation [28]. Intracellular
ice crystal formation that could injure the spindle appara-
tus, low survival rate, suboptimal fertilization, and disap-
pointing pregnancy rates were the initial problems that had
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to be addressed. Recent developments, especially the
introduction of vitrification, however, have led to signifi-
cant improvements.

An Italian study analyzed egg-freezing efficacy (slow-
freezing/vitrification combined) in a non-oncologic setting
and found less-optimal embryo development, lower
implantation, and pregnancy rates when the use of frozen
oocytes was compared with fresh oocytes [29]. Vitrifica-
tion of oocytes is now replacing slow-freezing; however.
Smith et al. compared outcome with slow-freezing versus
vitrification in a randomized trial. Vitrified oocytes were
more likely to survive the warming (81 vs 67 %), the
embryos obtained had better cleavage rate, and their
transfer resulted in a higher clinical pregnancy rate (38 vs
13 %) [30]. A study by Almodin et al. found a survival rate
of 84.9 % among vitrified oocytes. Fertilization rate and
clinical outcome were similar to those achieved with fresh
eggs [31]. Another longitudinal cohort study of 486 cycles
reported a survival rate of 84.7 % after thawing vitrified
oocytes. Three quarters fertilized normally and close to
half of the fertilized eggs turned into top-quality embryos.
A close to 30 % pregnancy rate per transfer was achieved
[32]. A different study involving egg donation reported
even higher (90 %) survival rate, and the fertilization,
embryo development, implantation, and pregnancy rates
were comparable to that achieved with freshly retrieved
eggs [33]. A 2011 meta-analysis compared treatment out-
come with fresh, vitrified, and slow-frozen oocytes based
on the results of five studies. Fertilization and cleavage
rates, the availability of top-quality embryos, and clinical
pregnancy rates were comparable with fresh and vitrified
oocytes. Vitrification was superior for all these parameters
over slow-freezing [34]. When a different approach was
used to evaluate the efficacy of fertility treatment with
frozen versus fresh oocytes, Goldman and colleagues found
no difference in the live birth rate/oocyte (fresh: 4.25 vs
frozen: 2.7 %). The live birth rate per transfer did not differ
either [35].

Besides the efficacy, it is equally important to establish
the safety of mature oocyte cryopreservation before it can
be routinely offered. Pietro et al. studied the biomolecular
quality of vitrified oocytes. They compared eight genes
involved in embryo development and the transcriptome and
found no differences between the fresh and vitrified
oocytes [36]. In a report based on over 900 births following
the use of frozen-thawed oocytes by Noyes et al. a con-
genital anomaly rate of 1.3 % was found which is not
different from the rate observed in natural conceptions
[37]. Levi Setti and colleagues compared clinical and
neonatal outcomes with the use of the freshly collected and
frozen-thawed sibling oocytes in a group of 855 women.
The rate of fetal anomalies was similar between the two
groups, but the risk of miscarriage was higher with frozen
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oocytes (26.9 vs 17.6 %). The risk of major anomalies did
not differ between the two groups. While there was no
difference in the mean gestational age at delivery, the mean
birth weight was lower in both singleton and twin preg-
nancies in the group where fresh eggs were used [38].

Immature oocytes can be collected both in the follicular
and luteal phases. Subsequently, they can be matured
in vitro, and then can be cryopreserved and stored for later
use. This may be an alternative to mature oocyte cryo-
preservation in those cases when the use of stimulation is
absolutely contraindicated or when there is no time to use
even random start stimulation. The need for in vitro mat-
uration, however, does limit the efficacy of this approach
[39].

Most of the experience with mature oocyte cryopreser-
vation is reported by IVF centers with large donor egg
programs. These eggs are produced by young, fertile
women and are expected to be of excellent quality. Even in
these cases, close to 20 eggs are needed to achieve a live
birth as reported by Goldman et al. [35]. Infertile women or
women with cancer may not have such good quality eggs
and may therefore have inferior outcome with oocyte
cryopreservation. This has to be part of the counseling prior
to offering this method. It will be important to collect data
on the use of mature oocyte cryopreservation among sur-
vivors of cancer therapy, who subsequently undergo ART
using their previously cryopreserved oocytes.

Assisted Reproductive Technology—Ovarian Tissue
Cryopreservation

Ovarian tissue cryopreservation is an emerging alternative
to oocyte/embryo freezing for fertility preservation. Ovar-
ian tissue can be collected at anytime in the cycle, it does
not require the patient to be in a stable relationship or to
accept the use donated sperm, and there is no need for
stimulation prior to the removal ovarian tissue. This is the
only option that can be offered to prepubertal girls. Those
patients who need to undergo abdominal surgical proce-
dure as part of the staging or treatment of their cancer may
choose this procedure, as ovarian cortical pieces or the
whole ovary can be removed at the time of the procedure.
Successful grafting of the tissue not just preserves fertility
but restores hormone production as well, and therefore
these patients will not suffer from the long-term effects of
hypoestrogenism. At this stage, however, ovarian tissue
cryopreservation is still considered experimental [40].
The follicles are located in the ovarian cortex, and fol-
licle density declines with age. Ovarian tissue cryopreser-
vation is not recommended to women with advanced
reproductive age or low ovarian reserve prior to cortical
biopsy since the graft is unlikely to work if we consider the
loss during freezing—thawing and transplantation. Most
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centers apply an upper age limit (35-38 years) for this
procedure [41].

Typically, several cortical pieces (<1 cm) of 1-2-mm
thickness are harvested and cryopreserved. Slow-freezing
and vitrification can both be considered [42-44]. The
thawed cortical pieces can then be transplanted in the
original site (orthotopic) or at a distant location (hetero-
topic). Orthotopic transplantation may be done on to the
medulla of the remaining or contralateral ovary or into
peritoneal pockets at the ovarian fossa [41]. Orthotopic
transplantation has the benefit of enabling the patient to
have a spontaneous pregnancy. Heterotopic (e.g., forearm)
transplantation has the benefit of easier access to the
grafted tissue.

The grafted tissue usually regains its activity within
3-6 months [43]. The life-span of the grafted tissue
depends on the follicle density at cryopreservation, the
damage induced by the cryopreservation-thawing, the
surgical technique, and the duration of ischemia before
proper neovascularization develops. In order for the graft to
regain its activity, proper blood supply through neovascu-
larization has to be established. The longer it takes to
establish blood supply the greater the damage in the follicle
pool is. Mechanical injury inducing inflammation and
angiogenesis at the transplantation site, the administration
of anti-oxidants, and the use of neoangiogenic growth
factors have been evaluated to promote neoangiogenesis
with more, or less, success [44]. In carefully selected,
managed cases, the graft could maintain its activity for at
least 4-5 years [41, 42]. In 2013, Donnez and colleagues
reported on clinical outcomes after ovarian tissue reim-
plantation based on 60 cases. In close to 90 % of the cases,
ovarian activity was successfully restored. Twenty percent
of the women conceived successfully upon return of
ovarian activity [45].

One, however, also has to consider the possibility of
reintroducing cancer cells at the time of reimplantation.
This is especially necessary concerning with cancers that
may infiltrate the ovary (hematologic cancers) or tend to
metastasize to the ovaries. Histological evaluation, immu-
nohistochemistry, and PCR analysis should be done on the
tissue prior to transplantation to minimize the transmission
risk [46]. Based on these concerns, ovarian tissue should
not be transplanted in the case of hematologic malignancy,
ovarian cancer, or cancers that metastasize to the ovary
[40].

The transfer of the entire ovarian cortex or an intact
whole ovary will leave the patient with more follicles than
with smaller cortical strips. Successful procedures have
been reported with fresh and frozen tissue transfer between
monozygotic twins [41]. In these cases, the ovary is
removed with a vascular pedicle, the cortex is trimmed
down to <l-mm thickness, and is then grafted onto a
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denuded ovarian medulla of the recipient. It is important to
maintain perfect hemostasis, to use very thin sutures and to
continuously irrigate the graft. Follicle loss may result from
poor neovascularization, poor surgical technique resulting
in ischemia, and due to cryoinjury in case cryopreserved
tissue is used. In the nine fresh transfer cases described by
Silber et al. ovarian function returned in 2-4 months, and
in six cases, the graft was still working after 3—4 years. Six
patients gave birth to eight babies in the follow-up period
[47]. Donnez and coauthors reported successful ovarian
cortical transplantation between non-identical sisters. The
graft regained its activity by a bit over 3 months. This
patient eventually successfully conceived through IVF and
gave birth to a healthy newborn [48].

Hilders et al. have reported successful whole ovary
autotransplantation to the upper arm (heterotopic) in a
young patient requiring surgery and radiation therapy for
cervical cancer. Vascular connection was established, and
the autotransplanted ovary regained its activity [49]. In
2008, Silber and colleagues published a report on the fresh
transfer of a whole ovary with a vascular pedicle between
identical twins. Three months after the transplantation, the
recipient experienced her first menstruation, and a year
later, she successfully conceived [50].

There are still challenges to be met with the cryopres-
ervation of a whole ovary. It is hard to achieve even dif-
fusion of the cryoprotectant in the entire ovary. In addition,
the ovary-vascular pedicle complex has to survive the
freezing—thawing. Successful procedures have been carried
out in various animal models already, but the human pro-
tocols require further refinements [44].

Research has already begun with regard to in vitro tissue
culture. This approach would not require tissue transplan-
tation and could eliminate the risk of malignant cell
reimplantation. It also would not require the use of assisted
reproduction in case pregnancy could not be achieved
spontaneously. The process is limited by the complex and
changing nutritional needs of the developing follicles from
the primordial stage to the preovulatory stage, ischemia,
and inability to properly monitor follicle development [46].
An alternative to tissue culture and maturation could be
isolated follicle culture in two- and three-dimensional
culture systems with subsequent in vitro fertilization and
embryo transfer. These techniques are under development
currently [46].

Assisted Reproductive Technology—Donor Egg,
Donated Embryos Use, Surrogacy

Those patients who did not have a chance to undergo
embryo, oocyte, or ovarian tissue cryopreservation prior to
the initiation of cancer treatment but had undergone suc-
cessful treatment and are left with severely reduced ovarian
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function or lack of ovarian function could choose to
undergo assisted reproduction using donated eggs or
embryos. Those patients who had to have the uteri removed
during the procedure but were having adequate ovarian
function left may choose to undergo assisted reproduction
involving a surrogate mother. The regulation of these
procedures differs from country to country and may not be
available to all.

Conclusions

Cancer can be cured with increasing efficacy. As the on-
cologic protocols improve, the treatments become less
radical, and patients in increasing numbers survive the
treatment and can live with proper quality of life. Chemo-
and radiation therapy are both gonadotoxic though, and
therefore, many of the survivors become infertile due to
loss of ovarian activity. Oncologic care requires a multi-
disciplinary approach, and the involvement of a fertility
specialist is important as the fertility needs of the survivors
have to be addressed. There are various surgical and
medical options that one can consider. The improvements
in the field of ART now make it possible for both repro-
ductive age and prepubertal patients to maintain fertility
even if they are not in an established relationship. Future
refinements of these protocols and the currently available
experimental technologies should further increase the
efficacy and safety of these procedures and should make
fertility preservation available to even a still wider popu-
lation of patients diagnosed with cancer.
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