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Summary

Cancer prevalence is high, and of importance to cancer sufferers is the long term survival and normal activities resumption. More-
over, pregnancy is drawing interest for preserving ovarian reserves in post-chemotherapy affected women, especially of younger ages.
The gonadotoxic effect of cancer treatment, involves mechanisms that are not fully understood, mainly due to the variety of molecular
pathways triggered once therapeutic agents applied. Reported rates of premature ovarian failure after the treatment effect and the ap-
plication of various treatment protocols, differ extensively due to the protocol itself but also due to the age of treated patients. Several
options for preserving ovarian reserves are currently employed in the clinique, such as ovarian transposition, embryos cryopreservation
and the use of gonadotropin-releasing hormone (GnRH) and its agonists/antagonists, but most of them are still under investigation.
This paper reviews these methods and the molecular mechanisms that are possibly involved in the action of agents such as GnRH.
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Introduction

It is estimated that approximately 6 million new cases of
cancer, either hematological malignancies or solid tumors,
are recorded worldwide every year. About 4 million of
them, concern women of all ages and about one million
women are survivors of childhood cancer [1].

In developed countries, both screening and use of
chemotherapy and radiotherapy, have led to a dramatic re-
duction in mortality rates of cancer. Additionally, a growing
number of women postpone childbearing to older age, due to
social or financial causes. It is for such reasons that women
younger than the age of 45 years pose a great demand for
preserving fertility.

However, cytotoxic therapy is associated with damages to
body tissues and cells other than the targeted tumor cells, sig-
nificant morbidity and long-term physical and psychologi-
cal effects. Among them, ovarian toxicity is an important and
common long-term adverse event of curative chemotherapy
and radiotherapy [2]. Since, many of these patients are
young, they suffer premature ovarian failure (POF) which
annihilates the reproductive function of the ovaries.

This article, reviews the literature, discussing the effects
of chemo- and radio-therapy on ovarian toxicity and pro-
vides more detail on the possible molecular mechanism for
the effect of cancer treatment on female fertility.
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Chemotherapy

All chemotherapeutic drugs, have an adverse effect on
ovarian tissue, by interrupting vital cell processes and ar-
resting the normal cellular proliferation cycle. Most of the
available data for ovarian failure after chemotherapy, is
based on leukaemias, lymphomas, Hodgkin’s disease, and
on some solid tumors such as breast cancer. However, there
is an increasing number of patients with no malignancy
who are being treated successfully with chemotherapy due
to autoimmune diseases, such as systemic erythematosus
lupus, rheumatoid arthritis as well as some hematological
diseases [1, 3-5].

Chemotherapeutic agents, can be grouped into five
classes based on their mode of action: 1) alkylating agents,
2) aneuploidy inducers, 3) topoisomerase II inhibitors, 4)
antimetabolites, and 5) radiomimetics [2]. Chemothera-
peutic drugs are used as a monotherapy or in combination
with other agents in order to increase their anti-tumor ef-
fects, but this also leads to an increase in their adverse
events. Ovarian damage and failure, is a common long-term
side effect of thermotherapy.

The final impact of chemotherapy to ovarian function
depends on factors such as the patient’s age, the thera-
peutic protocol, and the dose of the drug administered [1,
6-8].
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Several studies have attempted to clarify the impact of
age in determining the effects of chemotherapy on ovarian
function. Older women have in general a higher incidence
of complete ovarian failure and permanent infertility com-
paring with younger women [1, 9-11]. These results, can
be explained by the larger deposits of follicles that young
women bear [12]. Primordial follicles are diminished with
age. At puberty, about 300,000 follicles are present and
functioning in the ovaries, progressively declining with age
to 100 at the time of menopause [12, 13].

In recent years, there is a great interest in new protocols of
treatment of all types of cancer. The vast majority of these
protocols are based on combinations of chemotherapeutics
agents, and results in ovarian failure depend on the agents
that are used. Alkylating agents, pose the highest risk in
causing ovarian failure [2]. Cyclophosphamide, the most
common agent in this category, can cause ovarian fibrosis
and also follicular and oocyte depletion. Meirow reports that
the substances of this class, are closely associated with the
greatest risk among all chemotherapeutics protocols for
ovarian dysfunction [14]. Bines et al. [15], reviewed reports
on ovarian destruction after post-adjuvant chemotherapy ap-
plied on premenopausal breast cancer survivors and con-
cluded that the protocols that included cyclophosphamide,
have the highest rate of chemotherapy- related amenorrhea.

Cisplatin and its analogs can also cause ovarian failure.
Studies with cisplatin treatment in mice, have shown that
different types of chromosomal damage are associated with
genetic effects in the oocytes which result in early embry-
onic mortality and aneuploidy [16].

Recently, Li et al. and Blumenfeld, have shown that the
combination of a gonadotropin-releasing hormone (GnRH)
agonist with a GnRH antagonist completely prevented the
flare-up effect and enhanced the protective effect of the
ovary from cisplatin-induced gonadotoxicity in rats [17,
18]. In addition, agents such as vinca alkaloids can cause
aneuploidy. Many experiments in mice have shown that the
use of these agents results in malformed fetuses [19]. An-
thracycline antibiotics have been implicated in dominant
lethal mutations in maturing / preovulatory oocyte in fe-
male mice. Etoposide, can also cause aneuploidy in oocytes
and pericentric lesions, leading to malformed embryos. The
present authors’ knowledge up to now, does not allow to
draw a safe conclusion regarding the effects of an-
timetabolites on female germ cell.

Finally, studies have shown that young women treated with
chemotherapy agents prior to menarche, exhibited a delay at
the start of menstruation, but all had their menarche reappear
shortly after cessation of the treatment. Most of young women
treated after menarche, developed amenorrhea, while some
others treated with very mild drug regimen, had irregular cy-
cles. Data from endocrinological studies, have shown that pri-
mary ovarian failure was rare and occurred in adolescent girls
only when chemotherapy and radiotherapy were used in com-
bination. In girls with regular menstrual cycles, when treated

with high dose of chemotherapeutics agents, an ovulation or
inadequate luteal phase could be observed due to hypothala-
mic effects of stress, anxiety, and emotions associated with
the malignant disease [13, 20].

On many occasions, treatment may be shifted from one
protocol to another, also taking in effect combined thera-
pies, but for each disease only a few characteristic protocols
are commonly used. Therefore, it is very practical to ana-
lyze the risk for ovarian failure according to disease type.
For example, use of combined chemotherapy in early-stage
of Hodgkin’s lymphoma can significantly reduce long-term
ovarian dysfunction [2].

Radiotherapy

Radiotherapy has adverse events on gonadal function.
The degree of the injury depends on factors such as the
dose, the irradiation field, and the patient’s age with older
women, being at a greater risk of damage [1, 2].

Radiotherapy, is used to treat pelvic and abdominal dis-
eases, such as cervical and rectal cancer. It is also used for
thyroid cancer, while cranio-spinal radiotherapy is used for
central nervous system malignancies. Another application
of radiotherapy, is in Hodgkin’s lymphoma and other hema-
tological malignancies, when pelvic lymph nodes are in-
fluenced by the disease before bone marrow transplantation
occurs, when total body is being irradiated.

Previous studies have shown that doses of about 30 Gy
used in the case of brain tumors, can cause long-term hy-
pogonadotropic hypogonadism in children [21]. Wallace et
al. [22, 23], demonstrated that the estimated dose at which
half of the follicles are lost in humans (LD50) is four Gy.
Every patient exhibits different sensitivity to radiation dam-
age which may be pre-determined genetically, but it seems
that the age factor is the most important, as younger women
are more likely to preserve their ovarian function, due to
the greater primordial follicle reserve [13]. Additionally,
where possible, shielding of the ovaries is used, or the ra-
diation field is restricted in order to avoid direct irradiation
to the ovaries [5, 24, 25].

Lashbaugh and Casarett [26], indicated in their study that
women younger than 40 years of age are less sensitive to
ovarian failure after radiotherapy, with an estimated dose of
20 Gy being required to produce permanent ovarian failure,
while about six Gy are required for older women. A possible
explanation for this is that younger women have better qual-
ity follicles, and the cell membrane is more resistant to dam-
ages. As the oocyte membrane seems to be among the less
sensitive membranes to radiation, older women with poor
quality follicles seem to have lost this protective factor.

Chiarelli et al. [27], presented in their study the relation-
ship between the risk of premature ovarian failure and the
total dose of abdominal-pelvic irradiation, in order to study
the long-term effects of radiotherapy in young women.
With doses < 20 Gy, the relative risk was 1.02, at dose of
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20-35 Gy the risk was 1.37, and at doses > 35 Gy the rela-
tive risk of premature ovarian failure was 3.27. The per-
centage of females who suffered from infertility after
radiotherapy, co-related with the patients’ age at the time
of treatment and was restricted to women who were irradi-
ated after puberty. Also, the percentage of women who suf-
fered infertility, correlated with increasing dosage of
radiotherapy: a dose of 20-35 Gy causes 22% rate of infer-
tility and doses > 35 Gy led to a 32% rate of infertility [27].

In addition, Thibaud ef al., showed that total body irra-
diation of < ten Gy given in a single dose before puberty
causes a high ovarian failure rate of about 50-80% [28]. On
the other hand, Vini ef al., concluded that radiotherapy in
distant areas like thyroid pose a low risk of permanent dam-
ages to the ovaries and these patients can have normal preg-
nancies after this treatment [29].

Many studies have attempted to show the radiation effect
on the uterus and on subsequent pregnancy outcomes [30-
32]. Uterine radiation is closely associated with infertility,
spontaneous miscarriage mainly in the first trimester, and
intrauterine growth retardation [33]. These effects are prob-
ably caused by the changes in the uterine musculature and
blood flow, as well as from hormone-resistant endometrial
insufficiency caused by radiotherapy. A review by Critch-
ley and Wallace, suggests that steroid hormone replacement
therapy can be used to improve uterine damage after irra-
diation, but only in young women. Moreover, it is also
known that there is a close relationship between radiother-
apy and obstetric complications. Patients who have re-
ceived radiation treatment in childhood or puberty, show a
higher rate of complications such as spontaneous abortions,
preterm labor, and low-birthweight infants when compared
to the general population, but there is no study to prove the
relationship between radiation and teratogenicity [34-39].

In conclusion Langan et al., report that younger women
at treatment with chemotherapy were associated with a
higher frequency of normal ovarian function post-treat-
ment, whereas adding total body radiation to the regime
was associated with a high risk of ovarian failure [40].

Molecular aspects of chemotherapy and radiotherapy
effect on the ovaries

Chemotherapy and radiotherapy direct effect

Chemotherapy and radiotherapy constitute the main two
therapeutic regimes either as standalone approaches or in
combination with other non chemo- or radio- therapeutic
agents (e.g. monoclonal antibodies) in order to treat cancer
[41, 42]. There is still a necessity for extensive work to be
performed on dissecting the molecular events that are trig-
gered in the ovary after different therapeutic regimes have
been applied to the patient.

In general though, the main feature of both these therapy
regimes is that they induce tissue and subsequent cell and
DNA damage [43, 44]. Both of these regimes have also

been shown to exert effects on reproduction aspects of the
ovary such as the ovarian reserve and fertility.

One example of a classic chemotherapeutic agents is cis-
platin. Cisplatin, once introduced into the cells via the as-
sistance of a copper transporter (CTR1), is activated via a
series of reactions in which one of the chloride ligands is
displaced by water in a slow manner. The complex of cis-
platin and water that is formed eventually binds DNA ex-
hibiting a predilection for nucleophilic N7 sites on purines
on the nucleic acid chain [45].

At first, the formation of monoadducts is observed. These
monoadducts take part in reactions that lead to the forma-
tion of inter-strand and also intra-strand crosslinks. The cy-
totoxic effects of such platinum agents depend on the
formation of these crosslinks. Cisplatin’s cytotoxic effects
may also depend on the formation of adducts that cause
conformational changes in the DNA chain, that leads to im-
pairment of separation of the two DNA strands thus im-
pairing the DNA replication and synthesis [46]. These
lesions upon formation are able to be recognized by DNA
proteins that trigger DNA damage repair and/or apoptosis
signaling and the platinum caused cell death is mediated
by cell cycle arrest that occurs in the G2 phase of the mi-
totic cycle [47]. DNA repair includes the nucleotide exci-
sion repair pathway (NER) [48, 49], the DNA mismatch
repair mechanism (MMR) [50, 51], and the homologous
recombination repair pathway [52]. Other chemotherapeu-
tic agents include cyclophosphamide, doxorubicin, mel-
phalan, busulphan etc, that act in various ways in achieving
their effect on the target cells [53-55]. Cyclophosphamides
and alkylating agents cause dose-dependent destruction of
oocytes and also follicular depletion [56-58].

In the case of the ovaries, the gonadotoxic effect of var-
ious chemotherapeutic agents such as cisplatin, usually af-
fects oocytes, granulose, and theca cells in a way that may
be detrimental to the ovarian reserve. Agents such as cy-
clophosphamide and melfalan may pose a risk to gamete
formation, they are not cell cycle specific, and may cause
damage even to resting oocytes [55, 59, 60]. As mentioned
above, age seems to be a critical factor deciding the extent
of the oocyte and chemotherapy induced ovarian failure
with older women posing a greater risk group.

In terms of radiotherapy it is useful to mention that the
ovarian follicles are very sensitive and vulnerable to DNA
damage caused by ionizing radiation. At the same time
oocytes exhibit a rapid onset of events such as chromosome
condensation and disruption of the nuclear envelope [61,
62]. There is still a necessity for further research in identi-
fying the molecular cascades triggered by radiotherapy.

Mechanisms of action for ovarian protection

1. GnRH molecular mechanism

Gonadotropins are proteins that were first introduced in
the 1960s and have since been used in ovarian stimulation
cycles, in order to induce multiple follicular development.
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The GnRH, is a decapeptide and a member of the GnRH
family of proteins. It is a so-called trophic peptide hormone
that is responsible for the release of the follicle stimulating
hormone (FSH) and luteinizing hormone (LH) from the an-
terior pituitary [62, 63]. The protein itself is synthesized
and released from the hypothalamus.

GnRH binds to its cognate receptor GnRHR that is lo-
cated in the anterior pituitary. GnRHR belongs to the fam-
ily of G-coupled receptors [64]. The binding of the GnRH
to its receptor triggers the coupling of the receptor to Gq/11
proteins leading to activation of phospholipase C which
transmits its signal to diacylglycerol (DAG) and inositol
1,4,5-triphosphate (IP3) [65, 66].

Following its activation, DAG activates the intracellu-
lar protein kinase C (PKC) pathway. IP3, in turn, stimu-

Gonadotropin gene expression
and release

Figure 1. — The GnRH activating pathways.

lates the release of intracellular calcium. Other molecules
such as phospholipase D, phospholipase A2 (PLA2), and
proteins of the MAP kinase signaling pathway are acti-
vated that in turn regulate the expression and secretion of
molecules such as FSH and LH [66]. These pathways also
stimulate the expression of gonadotropin and they are
shown in Figure 1.

In later studies GnRH agonists and antagonists have been
employed in order to impair follicle depletion. In humans
there are studies that have exhibited a reduction in the rate
of amenorrhea in over 50% of the patients that underwent
treatment with GnRH agonists compared to controls [67,
68]. GnRH agonists bind onto the GnRH receptor and en-
hance signaling events via the GnRHR thus increasing pro-
duction of LH and FSH. They are molecules synthetically
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modeled after the GnRH decapeptide that carry changes in
positions within the ten amino acid chain, especially in po-
sitions 6 and 10 [69]. The usual advantage of these mole-
cules is their slower degradation compared to the original
GnRH molecule [70, 71].

The GnRH is believed to play a protective role in the case
of ovarian reserves in patients that are treated for cancer via
the use of chemotherapy and radiotherapy. The pathways
that are activated upon binding of GnRH onto its receptor
are shown in this figure. Guanine nucleotide binding pro-
tein alpha 11 (Gg/11), phospholipase C (PLC), phospholi-
pase D (PLD), phospholipase A2 (PLA2), diacylglycerol
(DAQG), inositol 1,4,5-triphosphate (IP3), calcium/calmod-
ulin-dependent protein kinase II alpha (CaMK), protein ki-
nase C (PKC), v-raf-1 murine leukemia viral oncogene
homolog 1 (Raf-1), mitogen-activated protein kinase kinase
1 (MEK 1/2), extracellular signal-regulated kinase 1/2 (Erk
1/2), LHP polypeptide (LHPB), FSH, beta polypeptide
(FSHB).

In general, further work is necessary to shed more light
into whether GnRH and analogues may actually protect the
ovary as studies seem to be contradictory with some of
them, suggesting no actual protective effect of these mole-
cules [72]. A more clinical review on the actions of GnRH
and its analogues will be considered later.

2. Other mechanisms for ovarian follicles apoptosis and

apoptosis inhibition

The actual mechanisms by which damage may occur in
the ovaries and the relevant biochemical pathways that are
triggered after chemotherapy or radiotherapy are still under
investigation. Nevertheless recent experimental data has
been indicating that various molecules may play significant
roles in preventing ovarian follicle premature death and
even more, apoptosis due to cancer treatment.

GnRH may act directly onto its receptor GnRHR in order
to inhibit follicle apoptosis [73]. GnRH may also be re-
sponsible for the upregulation of a protein called sphingo-
sine-1-phosphate (S1P) [74, 75], thus SIP playing an
important role as an apoptosis inhibitor. In turn, another
protein, acid sphingomyelinase is the enzyme required to
produce ceramide, an early messenger of apoptosis in re-
sponse to stress [75]. It has been shown in experimental, in
vivo, mouse models treated with agents, such as doxoru-
bicin, that the lack of acid sphingomyelinase from their
oocytes or when wild type mice were treated with S1P did
resist oocyte apoptosis [76]. SIP molecules bind onto re-
ceptors termed Edg receptors or S1P receptors [77]. Upon
binding onto their cognate receptors they elicit intracellu-
lar signalling pathways via regulation of diverse G coupled
proteins, exerting their effects [76, 77]

Caspases comprise another family of proteins that may
play significant roles in oocytes’ apoptosis due to
chemotherapy. In mice, it has been shown that in the case
of female germ cells and upon an insult in their metabolic

status, caspase-2 and caspase-3 molecules are activated and
execute the apoptotic signaling cascade. However in the
case where DNA damage chemotherapeutic agents are
used, caspase signaling pathways are triggered that may in-
volve caspase-12 especially in the case when caspase-2 and
caspase-3 are absent [78]. It is also known that caspase-9
may play a role in mouse oocytes” apoptosis during the
meiotic prophase progression [79] but it is still unknown
whether it plays a role in the apoptosis of damaged oocytes
during chemotherapy.

Except the caspases and SP1 signalling cascades, evi-
dence begins to appear that other molecular pathways may
be involved in apoptosis due to chemotherapy. Recent data
suggests that platinum damaged oocytes may be rescued
via the inactivation of the p53 signalling network [80]. In
addition in mice, it has been shown that the thyroid hor-
mone 3,5,3’-triiodothyronine (T3) protects granulosa cells
from chemotherapy induced apoptosis [81]. These new dis-
coveries show that there is still much to be considered in
terms of the molecular machinery behind oocytes
chemotherapy induced apoptosis.

Fertility preservation options for women after cancer

In literature, there are several options for fertility preser-
vation targeted at women after cancer therapy. The use of
a fertility preservation method needs individualization and
depends on the time of cancer treatment (radiotherapy or
chemotherapy), time available, type of cancer, and patient’s
age.

Apoptotic inhibitors

The general notion on apoptotic inhibitors is that they
constitute molecules that are equipping the doctor’s arsenal
in combating causes for ovarian failure and more specifi-
cally assist in reducing the damage in ovarian reserves
caused by standard chemotherapeutic agents and radio-
therapy [82, 83].

Although great progress has been achieved there, is still
a necessity for further research to take place in order for
targeted action of apoptotic inhibitors to occur. More
specifically, further studies are necessary in order to clarify
the negative effect on reducing the tumor mass by a con-
comitant administration of apoptotic inhibitors and cancer
therapeutics such as chemotherapy agents, especially at the
molecular level. This process may identify novel targets for
designing novel anti-apoptotic compounds and also will
provide clinicians with more tools in order to fight tumor
more effectively without leading oocytes into cell death.

Ovarian suppression (GnRH analogue treatment)

Many studies have evaluated the utility of treatment with
GnRH analogues, in order to preserve ovarian function dur-
ing cytotoxic therapy. Investigators attempted to render the
germinal epithelium quiescent by suppression of go-
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nadotropins (using GnRH agonist). This search has sug-
gested that receiving GnRH analogues during radiotherapy
and/or chemotherapy, may increase the possibility of a
woman to maintain her menstruation after therapy [84, 85].

However, conflicting outcomes on the results of GnRH
analogues have been presented, intensifying the debate re-
garding the existence of FSH receptors in the primordial fol-
licles and GnRH analog receptors in the human ovary [85].
The study of Meirow et al., failed to demonstrate a protec-
tive effect of GnRH after chemoradiotherapy in patients un-
dergoing bone marrow transplantation [86]. However, in a
recent study Li ef al., suggest that the combination of GnRH
agonists and antagonists protects primordial ovarian follicles
in rats [17] but, this remains to be proved in humans. Three
other small randomized trials performed in humans, reported
that GnRH analogues was not effective in preserving fertility
in patients receiving chemotherapy for Hodgkin lymphoma
[87, 88] or breast cancer [89]. Ovarian control markers were
not different in the control subjects despite the level rates of
amenorrhea in the group receiving GnRH analogs.

The treatment with GnRH analogs should begin at least
ten days before the first chemotherapy, due to the initial
flare-up effect which causes undesirable ovarian stimula-
tion. Administration should continue until the end of
chemotherapy, so that the downregulating effect remains
for at least two weeks after the end of treatment. However,
no safe results can be obtained by the use of GnRH analogs
as the available studies are limited by the small sample size,
lack of randomized control group, and lack of definitive in-
formation regarding actual fertility outcome [1, 90].

Alternative ways for preservation of ovarian reserve

1. Ovarian transposition (oophoropexy)

This method is suitable for patients undergoing gonado-
toxic radiotherapy. The ovarian follicles are sensitive to
DNA damage from radiation as the exposure can cause at-
rophy and decreased follicle number. The degree of ovarian
damage, depends on the dose of radiation, the patient’s age,
and the combination of radiotherapy with chemotherapy
[90]. The most common indications for ovarian transposi-
tion are cervical and vaginal cancer, pelvic sarcomas, and
Hodgkin’s disease.

This method is suitable for patients undergoing gonad-
toxic radiotherapy alone without chemotherapy. Transpo-
sition can be performed laparoscopically just before the
start of radiotherapy. Beginning radiation therapy immedi-
ately, decreases the chance of failure from ovarian migra-
tion back to the field of treatment [91]. The success rate of
this procedure varies between 16% and 90% [92, 93]. The
failure of this method and the subsequent low rate of suc-
cess, 1s due to variant factors such as scatter radiation, dose,
patient’s age, vascular compromise, and whether ovaries
are shielded during the procedure [90]. Complications are
relative rare and include chronic abdominal pain, infraction
of the fallopian tube, and ovarian cysts [94-96].

2. Cryopreservation

Cryopreservation of embryos, is a proven effective
method for preserving fertility. Cryopreservation of oocytes
and ovarian tissue are promising approaches, but remain
under investigation [97]. Successful cryopreservation of an
intact whole human ovary has not yet been successful.

- Cryopreservation of embryos

To date, the most effective approach with regards to fer-
tility preservation is embryo cryopreservation. The human
embryo, is resistant to damage caused by cryopreservation
procedures. The post-thaw survival rates of embryos are
between 35-90% while implantation rates are between 8%
and 30%. In case that multiple embryos are available for
cryopreservation the pregnancy rate can reach up to 60%
and delivery rates per embryo are about 18-20% [98].

- Cryopreservation of oocytes

L Cryopreservation of mature oocytes (after go-
nadotropin stimulation,).

Cryopreservation of oocytes, is more problematic than
sperm or embryo cryopreservation. The main obstacle is the
sensitivity of oocyte to chilling, probably because of the sen-
sitivity the spindle apparatus and the higher lipid content of
the cells. Cooling and exposure to cryoprotective agents
(CPAs) may increase the incidence of aneuploidity in human
oocyte due to damages in the cytoskeleton [99]. The eligi-
bility of a woman for this method depends on the type of
cancer and woman’s age, as a lot of patients may not have
more than one opportunity for oocyte harvesting before un-
dergoing chemotherapy or radiotherapy, since one cycle of
controlled stimulation requires a few weeks. The success of
the method is also dependent on the total number of oocytes
harvested as < ten oocytes means very low chances of preg-
nancy [1].

1I. Cryopreservation of immature oocytes after in vitro
maturation (IVM) — (without gonadotropin stimulation).
Immature oocytes have been harvested both in situ and
excised ovarian tissue [100]. The oocytes can be matured in
vitro either before freezing or after thawing. These oocytes
are expected to be more resistant to damages from chilling
than mature oocytes since they do not contain a metaphase
spindle, but few pregnancies from frozen-thawed immature
oocytes have been reported [101,102]. IVM, has not been
studied extensively in humans and may also have deleteri-
ous effects on spindle development and alignment of chro-
mosomes.

- Cryopreservation of ovarian tissue

The idea of cryopreserving ovarian tissue is based on
the finding that the ovarian primordial follicles are more
resistant to cryo-injury than mature oocytes, because
oocytes exhibit a relatively inactive metabolism and also
lack a metaphase spindle, zona pellucida, and cortical
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granules [103]. Cryopreserving the entire ovary with its
vascular supply might help decrease the degree of follicle
loss during the initial ischemia period, but at present there
is no efficient technique for such a purpose. Although
ovarian tissue cryopreservation is not a widely used
method, it may be the only acceptable method for any pre-
pubertal or premenarchal female patient receiving
chemotherapy or pelvic radiotherapy. The most challeng-
ing part of this procedure, is the heterotopic or orthotopic
reimplantation of the frozen tissue, a method that is still
under investigation.

The first transplantation of cryopreserved ovarian tis-
sue was reported in 2000 [104]. Until today very few
pregnancies have been reported using this technique. The
risks of ovarian tissue cryopreservation include reim-
plantation of the primary tumor, malignant transforma-
tion, as well as risks related to the invasiveness of the
procedure [105]. Limiting factors of this method are its
current experimental status, the availability of the proce-
dure in some selected centers and the limited life of the
ovarian grafts.

- IVF in women after cancer treatment

At present, the vast majority of patients who underwent
chemotherapy or radiotherapy resort to in vitro fertilization
(IVF), in order to conceive. Especially for the patients who
offered a cryopreservation technique, IVF seems to be the
only choice.

Modern assisted reproductive technology (ART) meth-
ods, allow the transfer of cryopreserved embryos in a
woman’s uterine safely, increasing the method’s success
rates. The introduction of intracytoplasmic sperm injec-
tion (ICSI), is of great importance when cryopreserved
mature oocytes are used. Exposure to cryoprotecting
agents causes hardening in zona pellucida of the oocytes,
so that fertilization has to be carried out about three to
five hours after thawing while the oocyte remains fertile.
ICSI is used for such a direct fertilization. The overall
birth rate per cryopreserved oocyte is about 2% when
using IVF techniques [106]. Several stimulation agents
are used in IVF. Even women with estrogen—sensitive
cancer are not excluded from the IVF techniques, as new
stimulating agents are used such as tamoxifen or aro-
matase inhibitors.

Finally, a reference to anti-Miillerian hormone (AMH) in
women after cytotoxic therapy is necessary. AMH is used
as a marker for the follicles’deposits in women. Several re-
ports to the literature indicate that AMH levels decline with
age, predict time of menopause, predict pregnancy after
IVF, and are associated with fecundity in the general pop-
ulation. It is of utmost interest that mid-reproductive age
cancer survivors who received highly gonadotoxic therapy
had AMH levels similar to those in women 40-42 years of
age [104], thus providing this group of women with the op-
portunity to conceive after IVF.

Conclusion

The gonadotoxic effect of chemotherapy and radiother-
apy agents is possibly due to mechanisms that still neces-
sitate to be elucidated in the future. It is obvious that the
POF rates that have been reported so far differ enormously
and are affected by the therapeutic agent(s) used and the
patients’ age range. Despite the effectiveness of therapy,
the methods that are reviewed in this paper for preserving
ovarian reserves do not guarantee a 100% success rate in
achieving fertility for survivors. It is more likely that dif-
ferent methods need to be applied in combination in order
to preserve ovarian reserves and achieve higher fertility
rates. This notion is further enhanced by the fact that even
less invasive and less expensive methods, such as the use of
GnRH in preserving ovarian reserves, still need to be in-
vestigated as research results are contradictory. As research
is expanding in these areas the more likely is that we will
achieve such targets in the future.

References

[1] Maltaris T., Seufert P., Fischl F.: “The effect of cancer treatment on
female fertility and strategies for preserving fertility”. Eur: J. Obstet.
Gynecol. Reprod. Biol., 2007, 130, 148.

[2] Meirow D., Nuget D.: “The effects of radiotherapy and chemopther-
apy on female reproduction”. Hum. Reprod. Update, 2001, 7, 535.

[3] Sonmezer M, Octay K.: “Fertility preservation in female patients”
Hum. Reprod. Update, 2004, 10, 251.

[4] Bouchlariotou S., Tsikouras P., Benjamin R.: “Fertility sparing in can-
cer patients”. Minim. Invasive Ther. Allied Technol., 2012, 21,282.

[5] Blumenfeld Z., Mischari O., Schhultz N.: “ Gonadotropin releasing
hormone agonists may minimize cyclophosphamide associated go-
nadotoxicity in SLE and autoimmune diseases”. Semin. Arthritis
Rheum., 2011, 41, 346.

[6] Nicosia S.V., Matus-Ridley M., Meadows A.T.: “Gonadal effects of
cancer therapy in girls”, Cancer, 1985, 55, 2364.

[7] Schilsky R.L., Lewis B.J., Young R.C.: “Gonadal dysfunction in
patients receiving chemotherapy for cancer”. Ann. Intern. Med.,
1980, 92, 109.

[8] Blumenfeld Z.: “Chemotherapy and fertility”. Best Pract. Res.
Clin. Obstet. Gynaecol., 2012, 26, 379.

[9] Meirow D., Nugent D.: “The effects of radiotherapy and
chemotherapy on female reproduction”. Hum. Reprod. Update,
2001, 7, 535.

[10] Behringer K., Breuer K., Reineke, T., May M., Nogova L., Klimm
B., et.al.: “Areport from the German Hodgkin’s Lymphoma study
group. Secondary amenorrhea after Hodgkin’s Lymphoma is in-
fluenced by age at treatment, stage of disease, chemotherapy regi-
men and the use of oral contraceptives during therapy”. J. Clin.
Oncol., 2005, 23, 7555.

[11] Fisher B., Cheung A.Y.: “Delayed effect of radiation therapy with
or without chemotherapy on ovarian function in women with
Hodgkin’s disease”. Acta Radiol. Oncol., 1984, 23, 43.

[12] Sanders J.E., Buckner C.D., Amos D., Levy W., Appelbaum F.R.,
Doney K., et al.: “Ovarian function following marrow transplanta-
tion for aplastic anemia or leukemia”. J. Clin. Oncol., 1988, 6, 813.

[13] Lo Presti A., Ruvolo G., Gancitano R.A., Cittadini E.: “Ovarian
function following radiation and chemotherapy for cancer”. Eur. .J
Obstet. Gynecol. Reprod. Biol., 2004, 113, 33.

[14] Meirow D.: “Ovarian injury and modern options to preserve fertil-
ity in female cancer patients treated with high dose radio-chemother-
apy for hemato-oncological neoplasias and other cancers”. Leuk.
Lymphoma, 1999, 33, 65.



N. Thomakos, S.P. Trachana, 1. Koutroumpa, A. Rodolakis, N.G. Gavalas 423

[15] Bines J., Oleske D.M., Cobleigh M.A.: “Ovarian function in pre-
menopausal women treated with adjuvant chemotherapy for breast
cancer”. J. Clin. Oncol., 1996, 14, 1718.

[16] Higton R.E., Marchetti F., Mailhes J.B., Phillips G.L.: “The effects
of cisplatin on murine metaphase II oocytes”. Gynecol. Oncol., 1992,
47, 348.

[17] Li X., Kang X., Deng Q., Cai J., Wang Z.: “Combination of a GnRH
agonist with an antagonist prevents flare — up effects and protects
primordial ovarian follicles in the rat ovary from cisplatin — induced
toxicity: a controlled experimental animal study”. Reprod. Biol. En-
docrinol., 2013, 11, 1.

[18] Blumenfeld Z.: “Preservation of ovarian function and minimizing
premature ovarian failure during chemotherapy using gonadotropin
—releasing hormone anologs”. Womens Health (Lond Engl), 2011, 7,
635.

[19] Mailhes J.B.: “Important biological variables that can influence the
degree of chemical — induced aneuploidy in mammalian oocyte and
zygotes”. Mutal Res., 1995, 339, 155.

[20] Distler W., Kuhreke H., Jurgens H., Graf M.: “Puberty and ovarian
function following cytostatic therapy in childhood”, Geburtshilfe
Frauenheilkd, 1986, 46, 237.

[21] Costine L.S., Woolf P.D., Cann D., Mick G., McKormick K., Rauber-
tas R.F. et al.: “Hypothalamic — pituitary dysfunction after radiation
for brain tumors”, N. Engl. J. Med., 1993, 328, 87.

[22] Wallace W.H., Shalet S.H., Hendry J.H., Morris-Jones P.H., Gatta-
maneni H.R.: “Ovarian failure following ovarian irradiation in child-
hood. The radiosensitivity of human oocyte”, Br: J. Radiol. 1989,
62,995.

[23] Wallace W.H., Shalet S.M., Tetlow L.J., Morris-Jones P.H.: “Ovar-
ian function following the treatment of childhood acute lym-
phoblastic leukaemia”. Med. Paed. Oncol., 1993, 21, 333.

[24] Ray G.R. “Oophoropexy: a means of preserving ovarian function
following pelvic mega voltage radiotherapy for Hodgkin’s disease”,
Radiology, 1970, 96, 175.

[25] Treissman M.J., Miller D., McComb P.F.: “Laparoscopic lateral ovar-
ian transposition”. Fertil. Steril., 1996, 65, 1229.

[26] Lushbaugh C.C., Casarett G.W.: “The effects of gonadal irradiation
in clinical radiation therapy: a review”. Cancer, 1976, 37, 1111.

[27] Chiarelli A.M., Marrett L.D., Darlington G.: “Early menopause and
infertility in females after treatment for childhood cancer diagnosed
in 1964-1988 in Ontario, Canada”. Am J. Epidemiol, 1999, 150,
245.

[28] Thibaud E., Rodriguez-Macias K., Trivin C., Espérou H., Michon J.,
Brauner R.: “Ovarian function after bone marrow transplantation
during childhood”. Bone Marrow Transplant, 1998, 21, 287.

[29] Vini L., Hyer S., Al-Saadi A., Pratt B., Harmer C.: “Prognosis for
fertility and ovarian function after treatment with radioiodine for thy-
roid cancer”. Postgrad Med J., 2002, 78, 92.

[30] Oven Unstaalioglou B.B., Bilici A., Kefeli U., Seker M., Salepci T.,
Unal O., et al.: “A retrospective analysis of women’s chances to be-
come pregnant after completition of chemotherapy: a single center
experience”, J Buon, 2011, 16, 349.

[31] Green D.M., Sklar C.A. Jr., Boice J.D., Mulvihill J.J., Whitton J.A.,
Stovall M., et al.: “Ovarian failure and reproductive outcomes after
childhood cancer treatment: results from the Childhood Cancer Sur-
vivor Study”. J. Clin. Oncol, 2009, 27, 2374.

[32] Morice P., Thiam-Ba R., Castaigne D., Haie-Meder C., Gerbaulet
A., Pautier P, et al.: “Fertility results after ovarian transposition for
pelvic malignancies treated by external irradiation of brachyther-
apy”. Hum. Reprod., 1998, 13, 660.

[33] Wallace W.H., Thomson A.B.: “Preservation of fertility in children
treated for cancer”. Arch. Dis. Child., 2003, 88, 493.

[34] Hawkins M.M., Smith R.A.: “Pregnancy outcomes in childhood can-
cer survivors: probable effects of abdominal irradiation”. Int. J. Can-
cer, 1989, 43, 399.

[35] Diamewood M.D., Grochow J.B.: “Prospects for fertility after
chemotherapy or radiation for neoplastic diseases”. Fertil. Steril.,
1986, 45, 443.

[36] Fenig E., Mishaeli M., Kalish Y., Lishner M.: “Pregnancy and radi-
ation”, Cancer Treat. Rev., 2001, 27, 1.

[37] Dolmans M.M., Donnez J., Camboni A., Demylle D., Amorim C.,
Van Langendonckt A.: “IVF outcome in patients with orhtotopically
transplanted ovarian tissue”. Hum. Reprod., 2009, 24, 2778.

[38] Critehley H.O., Wallace W.H.: “ Impact of cancer treatment in uter-
ine function”. J. Natl. Cancer Inst. Monogr., 2005, 34, 64.

[39] Familiari G., Caggiati A., Notola S.A., Ermini M., Di Benedetto
M.R., Motta P.M.: “Ultrastructure of human ovarian primordial fol-
licles after combination chemotherapy for Hodgkin’s disease”. Hum.
Reprod., 1993, 8, 2080.

[40] Langan R.C., Prieto P.A., Sherry R.M., Zlott D., Wunderlich J.,
Csako G., et al.: “Assessment of ovarian function after preparative
chemotherapy and total body radiation for adoptive cell therapy”. J.
Immunother., 2011, 34, 397.

[41] Lubin J., Markowska A., Knapp P.: “Factors affecting response of
chemotherapy in women with ovarian cancer.” Eur. J. Gynaecol.
Oncol., 2012, 33, 644.

[42] Alazzam M., Tidy J., Osborne R., Coleman R., Hancock B.W.,
Lawrie T.A.: “Chemotherapy for resistant or recurrent gestational
trophoblastic neoplasia.” Cochrane Database Syst. Rev., 2012, 12,
CDO008891. doi: 10.1002/14651858.CD008891.pub2.

[43] Virag P., Perde-Schrepler M., Fischer-Fodor E., Atomir C., Dorneanu
S.A., Cernea V.I. et al.: “Superior cytotoxicity and DNA cross-link
induction by oxaliplatin versus cisplatin at lower cellular uptake in
colorectal cancer cell lines”. Anticancer Drugs, 2012, 23, 1032.

[44] Nessa M.U., Beale P., Chan C., Yu J.Q., Huq F.: “Combinations of
resveratrol, cisplatin and oxaliplatin applied to human ovarian can-
cer cells”. Anticancer Res., 2012, 32, 53.

[45] Jamieson E.R., Lippard S.J.: “Structure, Recognition, and Process-
ing of Cisplatin—-DNA Adducts”. Chem. Rev., 1999, 99, 2467.

[46] Siddik Z.H. “Cisplatin: mode of cytotoxic action and molecular basis
of resistance”. Oncogene, 2003, 22, 7265.

[47] Jordan P., Carmo-Fonseca M.: “Molecular mechanisms involved in
cisplatin cytotoxicity”. Cell. Mol. Life Sci., 2000, 57, 1229.

[48] Yao C.J., DuW., Zhang Q., Zhang F., Zeng F., Chen F.P.: “Fanconi
anemia pathway—the way of DNA interstrand cross-link repair”.
Pharmazie, 2013, 68, 5.

[49] Selvakumaran M., Pisarcik D.A., Bao R., Yeung A.T., Hamilton T.C.:
“Enhanced cisplatin cytotoxicity by disturbing the nucleotide exci-
sion repair pathway in ovarian cancer cell lines”. Cancer Res., 2003,
63,1311.

[50] Anthoney D.A., Kaye S.B.: “Drug resistance: the clinical perspec-
tive”. Methods Mol. Med., 1999, 28, 1.

[51] Murphy M.A., Wentzensen N.: “Frequency of mismatch repair defi-
ciency in ovarian cancer: A systematic review”. Int. J. Cancer, 2011,
129, 1.

[52] Cass I., Baldwin R.L., Varkey T., Moslehi R., Narod S.A., Karlan
B.Y.: “Improved survival in women with BRCA-associated ovarian
carcinoma”. Cancer, 2003, 97, 2187.

[53] Koyama H., Wada T., Nishizawa Y., Iwanaga T., Aoki Y.: “Cy-
clophosphamide-induced ovarian failure and its therapeutic signifi-
cance in patients with breast cancer”. Cancer, 1977, 39, 1403.

[54] Viviani S., Santoro A., Ragni G., Bonfante V., Bestetti O.,
Bonadonna G.: “Gonadal toxicity after combination chemotherapy
for Hodgkin’s disease”. Eur. J. Cancer Clin. Oncol., 1985, 21, 601.

[55] Mackie E.J., Radford M., Shalet S.M.: “Gonadal function following
chemotherapy for childhood Hodgkin’s disease”. Med. Pediatr.
Oncol., 1996, 27, 74.

[56] von Wolff M., Montag M., Dittrich R., Denschlag D., Nawroth F.,
Lawrenz B.: “Fertility preservation in women-a practical guide to
preservation techniques and therapeutic strategies in breast cancer,
Hodgkin’s lymphoma and borderline ovarian tumours by the fertil-
ity preservation network FertiPROTEKT”. Arch. Gynecol. Obstet.,
2011, 284, 427.

[57] Katoh M.A., Cain K.T., Hughes L.A., Foxworth L.B., Bishop J.B.,
Generoso W.M.: “Female-specific dominant lethal effects in mice”.
Mutat. Res., 1990, 230, 205.



424 Molecular aspects and clinical methods for preserving ovarian reserves in women receiving cancer treatment

[58] Yucebilgin M.S., Terek M.C., Ozsaran A., Akercan F., Zekioglu O.,
Isik E., et al.: “Effect of chemotherapy on primordial follicular re-
serve of rat: an animal model of premature ovarian failure and in-
fertility”. Aust. N. Z. J. Obstet. Gynaecol., 2004, 44, 6.

[59] Blumenfeld Z., Shapiro D., Shteinberg M., Avivi L., Nahir M., et.al.:
“Preservation of fertility and ovarian function and minimizing go-
nadotoxicity in young women with systemic lupus erythematosus
treated by chemotherapy”. Lupus, 2000, 9, 401.

[60] Damewood M.D., Grochow L.B.: “Prospects for fertility after
chemotherapy or radiation for neoplastic disease”. Fertil. Steril,
1986, 45, 443.

[61] Husseinzadeh N., Nahhas W.A., Velkley D.E., Whitney C.W.,
Mortel R.: “The preservation of ovarian function in young women
undergoing pelvic radiation therapy”. Gynecol. Oncol., 1984, 18,
373.

[62] Fleischer R.T., Vollenhoven B.J., Weston G.C.: “The effects of
chemotherapy and radiotherapy on fertility in premenopausal
women”. Obstet. Gynecol. Surv., 2011, 66, 248.

[63] Sealfon S.C., Weinstein H., Millar R.P. “Molecular mechanisms of
ligand interaction with the gonadotropin-releasing hormone recep-
tor”. Endocr. Rev., 1997, 18, 180.

[64] Tobet S.A., Sower S.A., Schwarting G.A.: “Gonadotropin-releas-
ing hormone containing neurons and olfactory fibers during de-
velopment: from lamprey to mammals”. Brain Res. Bull., 1997, 44,
479.

[65] Millar R.P.,, Lu Z.L., Pawson A.J., Flanagan C.A., Morgan K., Maud-
sley S.R.: “Gonadotropin-releasing hormone receptors”. Endocr.
Rev., 2004, 25, 235.

[66] Mancini F., Tur R., Martinez F., Coroleu B., Rodriguez I., Barri P.N.:
“Gonadotrophin-releasing hormone-antagonists vs long agonist in
in-vitro fertilization patients with polycystic ovary syndrome: a
meta-analysis”. Gynecol. Endocrinol., 2011, 27, 150.

[67] Bodri D., Sunkara S.K., Coomarasamy A.: “Gonadotropin-releasing
hormone agonists versus antagonists for controlled ovarian hyper-
stimulation in oocyte donors: a systematic review and meta-analy-
sis”. Fertil. Steril., 2011, 95, 164.

[68] Castelo-Branco C., Nomdedeu B., Camus A., Mercadal S., Martinez
de Osaba M.J., et.al.: “Use of gonadotropin- releasing hormone ag-
onists in patients with Hodgkin’s disease for preservation of ovarian
function and reduction of gonadotoxicity related to chemotherapy”.
Fertil. Steril., 2007, 87, 702.

[69] Humaidan P., Kol S., Papanikolaou E.G.: “GnRH agonist for trig-
gering of final oocyte maturation: time for a change of practice?”.
Hum. Reprod. Update, 2011, 17, 510.

[70] Chi C.H., Durham E., Neely E.K.: “Pharmacodynamics of aqueous
leuprolide acetate stimulation testing in girls: correlation between
clinical diagnosis and time of peak luteinizing hormone level”. J.
Pediatr., 2012, 16, 757.

[71] Magnon N.: “Gonadotropin releasing hormone agonists: Expanding
vistas”. Indian J. Endocrinol. Metab., 2011, 15, 261.

[72] Meirow D.: “Reproduction post-chemotherapy in young cancer pa-
tients”. Mol. Cell. Endocrinol., 2000, 169, 123.

[73] Blumenfeld Z., Eckman A.: “Preservation of fertility and ovarian
function and minimization of chemotherapy-induced gonadotoxicity
in young women by GnRH-a”. J. Natl. Cancer Inst. Monogr., 2005,
2005, 34, 40.

[74] Morita Y., Perez G.1., Paris F., Miranda S.R., Ehleiter D., Haimovitz-
Friedman A., et al.: “Oocyte apoptosis is suppressed by disruption of
the acid sphingomyelinase gene or by sphingosine-1-phosphate ther-
apy”. Nat. Med., 2000, 6, 1109.

[75] Maceyka M., Payne S.G., Milstien S., Spiegel S.: “Sphingosine ki-
nase, sphingosine-1-phosphate, and apoptosis”. Biochim. Biophys.
Acta, 2000, 1585, 193.

[76] Taha T.A., Argraves K.M., Obeid L.M.: “Sphingosine-1-phosphate
receptors: receptor specificity versus functional redundancy”.
Biochim. Biophys. Acta, 2004, 1682, 48.

[77] Spiegel S., Milstien S.: “Sphingosine-1-phosphate: an enigmatic sig-
nalling lipid”. Nat. Rev. Mol. Cell. Biol., 2003, 4, 397.

[78] Takai Y., Matikainen T., Jurisicova A., Kim M.R., Trbovich A.M.,
Fujita E., et al.: “Caspase-12 compensates for lack of caspase-2
and caspase-3 in female germ cells”. Apoptosis, 2007, 12, 791.

[79] Ene A.C., Park S., Edelmann W., Taketo T.: “Caspase 9 is constitu-
tively activated in mouse oocytes and plays a key role in oocyte elim-
ination during meiotic prophase progression”. Dev. Biol., 2013, 377,
213.

[80] Kim S.Y., Cordeiro M.H., Serna V.A., Ebbert K., Butler L.M., Sinha
S., et al.: “Rescue of platinum-damaged oocytes from programmed
cell death through inactivation of the p53 family signaling network™.
Cell. Death Differ., 2013, 20, 987.

[81] Verga Falzacappa C., Timperi E., Bucci B., Amendola D., Piergrossi
P, D’Amico D., et.al.: “T(3) preserves ovarian granulosa cells from
chemotherapy-induced apoptosis”. J Endocrinol., 2012, 215, 281.

[82] Jin M., Yu Y., Huang H.: “An update on primary ovarian insuffi-
ciency”. Sci. China Life Sci., 2012, 55, 677.

[83] Cohen L.E.: “Cancer treatment and the ovary: the effects of
chemotherapy and radiation”. Ann. N. Y. Acad. Sci., 2008, 1135, 123.
doi: 10.1196/annals.1429.023.

[84] Blumenfeld Z.: “How to preserve fertility in young women exposed
to chemotherapy? The role of GnRH agonist cotreatment in addition
to cryopreservation of embryos, oocytes, or ovaries”. Oncologist,
2007, 12, 1044.

[85] Octay K., Sonmezer M., Oktem O., Fox K., Emons G., Bang H.:
“Absence of conclusive evidence for the safety and efficacy of go-
nadotropin — releasing hormone analogue treatment in protecting
against chemotherapy — induced gonadal injury”, Oncologist, 2007,
12, 1055.

[86] Meirow D.: “Reproduction post — chemotherapy in young cancer pa-
tients”. Mol. Cell. Endocrinol., 2000, 169, 123.

[87] Waxman J.H., Ahmed R., Smith D., Wrigley P.F., Gregory W., Shalet
S, et al.: “Failure to preserve fertility in patients with Hodgkin’s dis-
ease”. Cancer Chemother. Pharmacol., 1987, 19, 159.

[88] Giuseppe L., Attilio G., Edoardo D.N., Loredana G., Cristina L., Vin-
cenzo L.: “Ovarian function after cancer treatment in young womwn
effected by Hodgkin’s disease”. Hematology, 2007, 12, 141.

[89] Munster P.N., Moore A.P., Ismail-Khan R., Cox C.E., Lacevic M.,
Gross-King M., et al.: “Preservation of ovarian function in young
women treated with neoiadjuvant chemotherapy for breast cancer: A
randomized trial using the GnRH agonist (triptorelin), during
chemotherapy”. J. Clin. Oncol., 2012, 30, 533.

[90] Maltaris T., Beckmann M.W., Dittrich R.: “Fertility Preservation for
young female cancer patients”. /n Vivo, 2009, 23, 123.

[91] Martin J.R., Kodaman P., Octay K., Taylor H.S.: “Ovarian cryop-
reservation with transposition of a contralateral ovary: a combined
approach for fertility preservation in women receiving pelvic radia-
tion”. Fertil. Steril., 2007, 87, 189.

[92] Sonmezer M., Octay K.: “Fertility preservation in female patients”,
Hum. Reprod. Update, 2004, 10, 251.

[93] Morice P., Juncker L., Rey A., El-Hassan J., Haie-Meder C., Cas-
taigne D. “Ovarian transposition for patients with cervical carcinoma
treated by radiosurgical combination”. Fertil. Steril., 2000, 74, 743.

[94] Gabriel D.A., Bernard S.A., Lambert J., Croom R.D. 3rd.:
“Oophoropexy and the management of Hodgkin’s disease. A reeval-
uation of the risks and benefits”. Arch. Surg., 1986, 121, 1083.

[95] Williams R.S., Littell R.D., Mendenhall N.P.: “Laparoscopic
oophoropexy and ovarian function in the treatment of Hodgkin’s dis-
ease”. Cancer, 1999, 86, 2138.

[96] Anderson B., La Polla J., Turner D., Chapman G., Buller R.: “Ovar-
ian transposition in cervical cancer”. Gynecol. Oncol., 1993, 49, 206.

[97] ACOG Committee Opinion: “Ovarian tissue and oocyte cryopreser-
vation”. Obstet. Gynecol., 2008, 111, 1255.

[98] Seli E., Tangir J.: “Fertility preservation options for female patients
with malignancies”. Curr. Opin. Obstet. Gynecol., 2005, 17, 299.

[99] Pickering S.J., Braude P.R., Johnson M.H., Cant A., Currie J.: “Tran-
sient cooling to room temperature can cause irreversible disruption
of the meiotic spindle in the human oocyte”. Fertil. Steril., 1990, 54,
102.



N. Thomakos, S.P. Trachana, 1. Koutroumpa, A. Rodolakis, N.G. Gavalas 425

[100] Huang J.Y., Tulandi T., Holzen H., Tan S.L., Chian R.C.: “Combin-
ing ovarian tissue cryobanking with retrieval of immature oocytes
followed by in vitro maturation and vitrification: an additional strat-
egy of fertility preservation”, Fertil Steril, 2008, 89, 567.

[101]Tucker M., Wright G., Morton P., Shanguo L., Massey J., Kort
H.: “Preliminary experience with human oocyte cryopreserva-
tion using 1,2-propanediol and sucrose”. Hum. Reprod., 1996,
11, 1513.

[102]Wu J., Zhang L., Wang X.: “In vitro maturation, fertilization and
embryo development after ultrarapid freezing of immature human
oocytes”, Reproduction, 2001, 121, 389.

[103] Oktay K., Newton H., Aubard Y., Salha O., Gosden R.G.: “Cryop-
reservatoin of immature human oocytes and ovarian tissue: an
emerging technology?”. Fertil. Steril., 1998, 69, 1.

[104] Gracia C.R., Sammel M., Freeman E.: “Impact of cancer therapies
on ovarian reserve”, Fertil. Steril., 2012, 97, 134.

[105] Mueller A., Maltaris T., Dimmler A., Hoffmann I., Beckmann M.W.,
Dittrich R.: “Development of sex cord stromal tumors after hetero-
topic transplantation of cryopreserved ovarian tissue in rats”. Anti-
cancer Res., 2005, 25, 4107.

[106] Gosden RG. “Prospects for oocyte banking and in vitro maturation”,
J. Natl Cancer Inst Monogr, 2005, 34, 60.

Address reprint requests to:

N.G. GAVALAS, PhD

Department of Clinical Therapeutics,
Medical School, University of Athens,
Alexandra Hospital, 80Vas. Sofias Avenue,
115 28, Athens (Greece)

e-mail: nikos_gav@hotmail.com





