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Fertility preservation in women with cancer
Michel De Vos, Johan Smitz, Teresa K Woodruff 

Enhanced long-term survival rates of young women with cancer and advances in reproductive medicine and 
cryobiology have culminated in an increased interest in fertility preservation methods in girls and young women with 
cancer. Present data suggest that young patients with cancer should be referred for fertility preservation counselling 
quickly to help with their coping process. Although the clinical application of novel developments, including oocyte 
vitrifi cation and oocyte maturation in vitro, has resulted in reasonable success rates in assisted reproduction 
programmes, experience with these techniques in the setting of fertility preservation is in its infancy. It is hoped that 
these and other approaches, some of which are still regarded as experimental (eg, ovarian tissue cryopreservation, 
pharmacological protection against gonadotoxic agents, in-vitro follicle growth, and follicle transplantation) will be 
optimised and become established within the next decade. Unravelling the complex mechanisms of activation and 
suppression of follicle growth will not only expand the care of thousands of women diagnosed with cancer, but also 
inform the care of millions of women confronted with reduced reproductive fi tness because of ageing. 

Introduction
Although cancer incidence peaks after the age of 
50 years, thousands of reproductive-age women and 
girls are diagnosed with cancer every year.1 Reduction 
of cancer-related mortality remains the main objective 
of health-care providers, but quality of life in the 
increasing population of young women who have had 
cancer also merits attention. Driven by the increase in 
cancer survival rates, there is growing interest in the 
prevention of the loss of reproductive fi tness in young 
women who have had cancer,2 either as a result of 
cancer or its treatment with gonadotoxic treatments. A 
large proportion of young women with cancer do not 
receive fertility preservation counselling for various 
reasons. Here, we discuss the present status of fertility 
preservation in women with cancer and focus on new 
developments on the horizon.

Fertility preservation counselling
Because of the huge emotional eff ect of a diagnosis of 
cancer and the immediate focus on eff ective cancer 
treatment, the potential gonadotoxic eff ects of cancer 
or its treatment are often not discussed at the time of 
diagnosis. Fertility preservation is a recent endeavour 

and many patients with cancer and health-care workers 
are unfamiliar with the rapidly advancing developments 
in fertility preservation research and their imple-
mentation in clinical practice. Although some fertility 
preservation techniques have become established and 
validated in the past decade, others are still regarded as 
experimental.3 Easy access and timely referral to 
fertility preservation counselling allow patients with 
cancer to better cope with the infertility that might 
arise from gonadotoxic treatment,4 but failure to defi ne 
the precise long-term eff ect of cancer treatment on the 
reproductive potential of individual patients with 
cancer complicates the decision-making process. In the 
past 10 years, treatment guidelines3,5 and internet-based 
decision aids (eg, fertile hope and the oncofertility 
consortium) have been developed, which have raised 
awareness of fertility risk and fertility preservation 
among health-care professionals and patients with 
cancer. However, an estimated 30–50% of young 
women diagnosed with cancer might not be off ered 
fertility preservation counselling before the start of 
cancer treatment.6,7 Not all patients are candidates for 
or want to pursue fertility preservation; thus, patients 
should also be informed about alternative options for 
having a family after cancer, such as oocyte donation 
and adoption.

The eff ect of cancer treatment on the ovary
Women who have had cancer are at an increased risk of 
early menopause and primary ovarian insuffi  ciency as a 
result of ovarian follicle depletion, stromal fi brosis, and 
vascular injury after chemotherapy and radiotherapy.8 
Early menopause has a negative eff ect on quality of life,9 
and is associated with osteoporosis,10 cardiovascular 
disease,11 and psychosocial disorders such as depression.12 
Even survivors in whom ovarian function resumes or is 
maintained after cancer treatment might face a shortened 
window of fertility.13
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The extent of the damage to the ovary depends on the 
type and dose of chemotherapy,14 the radiotherapy dose, 
fractionation scheme, and irradiation fi eld,15 and the 
ovarian reserve before treatment. Age is an important 
marker of ovarian reserve, as are the serum markers 
estradiol, inhibin B, follicle-stimulating hormone, and 
anti-Müllerian hormone (AMH).16 AMH has emerged as 
an especially strong predictor of ovarian function after 
chemotherapy.17 A rapid and substantial reduction of 
circulating AMH concentrations is noted in adults after 
the start of chemotherapy,18 and recent data suggest that 
AMH concentrations before the start of chemotherapy,17 
and the reduction and recovery of AMH during and 
after chemotherapy, might predict the amount of 
ovarian damage.19 These data suggest a crucial role for 
AMH in the identifi cation of patients who might benefi t 
from fertility preservation and which approach will 
optimise future fecundity. However, in prepubertal 
and peripubertal girls, AMH concentrations should 
be interpreted with caution because they cannot 
unequivocally predict reproductive lifespan.20 Long-term 
follow-up data for AMH concentrations decades after 
cancer treatment are not yet available to establish the 
predictive potential of AMH with regards to reproductive 
lifespan in cancer survivors.8

Follicle depletion is the hallmark of ovarian damage and 
is most pronounced in women given alkylating agents, 
such as cyclophosphamide,19 and in those who receive 
total-body irradiation before haemopoietic stem cell 
transplantation or direct irradiation of the ovaries. The 
precise mechanism by which cyclophosphamide aff ects 
the primordial follicle pool is not entirely understood, but 
recent studies investigating the eff ect of cyclophosphamide 
in mouse ovaries suggest that cyclophosphamide results 
in activation rather than apoptosis of primordial follicles,21 
via upregulation of the PI3K/PTEN/Akt signalling 
pathway. According to these data, cyclophosphamide 
causes apoptosis of larger growing follicles, with 
cyclophosphamide-induced primordial follicle activation 
ultimately resulting in follicle burnout.

Other chemotherapeutic drugs might directly damage 
the growing oocyte or the highly proliferative granulosa 
cells within the developing follicle. These drugs might 
also cause follicle depletion indirectly, by damaging 
growing follicles and enhancing recruitment of primordial 
follicles to deplete the follicle pool, or by altering 
the ovarian stroma.8 An understanding of the gonadotoxic 
mechanisms of chemotherapy is needed to design 
eff ective agents that protect against iatrogenic depletion of 
ovarian follicles in young patients with cancer.

Fertility preservation strategies
The assessment of fertility risk and the selection of an 
individualised strategy to optimise fecundity after cancer 
treatment are huge challenges and require intense 
cooperation between fertility preservation specialists, 
oncologists, other health-care workers, and the patient. 

Guidelines developed on the basis of systematic reviews 
and scientifi c literature analyses recommend fertility 
preservation approaches3,5 by patient age, cancer type, 
type of treatment, presence of a male partner or patient 
preference for the use of banked donor sperm, time 
available for fertility preservation intervention, and the 
likelihood of ovarian metastasis (fi gure). Established 
fertility preservation methods include oocyte and 
embryo cryopreservation, both derived from routine 
reproductive clinical practice, and ovarian transposition 
(oophoropexy), which can be off ered to women 
undergoing pelvic irradiation.22 Ovarian suppression 
with gonadotropin-releasing hormone analogues during 
adjuvant chemotherapy induces a prepubescent state 
that restricts ovarian damage during chemotherapy 
through various hypothetical mechanisms,23 although 
data do not support the clinical validity of this approach.24

Ovarian cortex cryopreservation is deemed experi-
mental, needs additional informed consent, and is 
typically off ered to patients for whom established 
methods cannot be applied or a delay in cancer treatment 
is not possible. Whether ovarian biopsy (cortical strips) 
or unilateral oophorectomy should be done is uncertain. 
In follow-up studies,24 patients who underwent unilateral 
oopho rectomy showed a signifi cant number of spontan-
eous pregnancies, but removal of an entire ovary might 
be too aggressive and could further reduce the ovarian 
reserve, at least in some young patients.25 A systematic 
review of all available fertility preservation methods is 
beyond the scope of this review; rather, we aim to 
highlight important elements in the fertility preservation 
decision-making algorithm (fi gure).

Young patients with breast cancer represent a substantial 
proportion of patients referred for fertility preservation. 
Most patients with breast cancer, including those with 
early-stage disease, will ultimately receive adjuvant 
chemotherapy.26 The time interval between primary 
surgery and the start of chemotherapy—when fertility 
preservation treatment could be done—is based on the 
assumption that chemotherapy should be started as soon 
as possible. However, no published randomised controlled 
trials have investigated the association between a delay in 
chemotherapy and survival in patients with breast cancer. 
Data from a meta-analysis27 of seven inde pendent studies 
that investigated overall survival in patients with operable 
primary breast cancer who received cyclophosphamide, 
methotrexate, and fl uorouracil and anthracycline-based 
regimens suggested that overall survival decreased by 
15% for every 4-week delay in initiation of chemotherapy. 
However, premenopausal women with breast cancer 
represent a distinct pop ulation with respect to respon-
siveness to adjuvant chemotherapy, and no studies are 
available to suggest an optimum interval before start of 
chemotherapy in this subpopulation of patients.28 
Furthermore, oocyte or embryo cryopreservation typically 
needs controlled ovarian stimulation, the initiation of 
which has been timed to the phase of the menstrual cycle, 
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and has been associated with a marked increase in 
circulating estradiol concentrations. As a result, many 
oncologists are hesitant to allow patients to undergo 
ovarian stimulation for oocyte or embryo cryopreservation, 
especially patients with hormone-responsive cancers. 
Novel methods for ovarian stimulation, such as 
co-treatment with the aromatase inhibitor letrozole, 
have been developed for patients with oestrogen 
receptor-positive breast cancer to mitigate the estradiol 
rise associated with ovarian stimulation. These alternative 
methods do not seem to result in a signifi cant increase of 
breast cancer recurrence, although long-term follow-up 

studies are not yet available.29 A modifi cation of the 
controlled ovarian stimulation protocol dissociates the 
timing of ovarian stimulation and the phase of the 
menstrual cycle; this approach is based on the recent 
fi nding that many waves of follicular development happen 
within one menstrual cycle,30 and that a cohort of antral 
follicles present during the late follicular phase or luteal 
phase are in early stages of development and might grow 
if exogenous gonadotropins are given. These fi ndings 
have culminated in the random-onset ovarian stimulation 
protocol, which allows patients to start gonadotropin 
stimulation irrespective of menstrual cycle phase, with no 

Figure: Recommended fertility preservation approaches
*Or cryopreservation of embryos. IVF=in-vitro fertilisation. ICSI=intracytoplasmic sperm injection.
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impairment of oocyte yield and only a small increase of 
stimulation duration.31,32 This protocol has markedly 
reduced the time needed for ovarian stimulation and even 
off ers the option of two consecutive cycles of stimulation 
before the start of chemotherapy, which should 
substantially enhance the number of mature oocytes 
available for IVF and embryo cryopreservation.33

Embryo cryopreservation has been done since the early 
years of assisted reproductive technology (1984), and 
vitrifi ed-warmed embryo transfer in an artifi cial 
endometrial priming cycle is regarded as effi  cient as fresh 
embryo transfer.34 Moreover, embryo storage time does 
not aff ect livebirth rates after thawing.35 However, this 
method requires a male partner or the use of donor 
sperm, which introduces the potential for ethical and legal 
concerns about the fate of orphan embryos if the patient 
dies or if the patient and her partner separate. A patient 
who has become infertile after cancer treatment might 
have no other biological material cryopreserved except the 
frozen embryos generated with sperm from her ex-partner. 
Cryopreservation of mature oocytes can avoid these 
concerns and has emerged as an established method in 
recent years.36 Livebirth rates after transfer of embryos 
generated with vitrifi ed-warmed oocytes are similar to 
those after intracytoplasmic sperm injection using fresh 
oocytes,37 although extrapolation of these results to the 
cancer patient population needs to be made with caution, 
and up to now, only three livebirths by cancer survivors 
have been reported after oocyte vitrifi cation.38–40

Oocyte in-vitro maturation
In-vitro maturation of immature oocytes obviates the need 
for ovarian stimulation by use of gonadotropins before 
oocyte collection, and substantially reduces the delay of 
chemotherapy. Although cryopreservation of in-vitro 
matured oocytes is still regarded as experimental, the 
method is an emerging option for women who need to 
start chemotherapy soon after diagnosis and for 
prepubertal girls who cannot undergo ovarian stimulation. 
Although a large proportion of prepubertal girls have 
antral follicles on ultrasound, the true developmental 
potential of any immature oocytes retrieved is unknown.

At any stage of the menstrual cycle, a cohort of small 
antral follicles (0·9–6·0 mm) can be recorded. These 
follicles constitute a valuable source of oocytes for fertility 
preservation and are typically obtained through 
transvaginal aspiration. Clinical outcomes after in-vitro 
maturation are lower than those after conventional 
assisted reproductive technology.41 Although more than 
2000 children have been born after fertilisation of fresh 
in-vitro maturation oocytes, very few livebirths have been 
reported with the use of in-vitro maturation oocytes that 
have been cryopreserved and thawed or warmed. 
Immature oocytes within small antral follicles can also be 
retrieved ex vivo at the time of ovarian cortex processing 
before cryopreservation,42–44 and then matured in vitro and 
cryopreserved. The fi rst livebirth following this approach 

was recently reported.45 The fertilisation potential of 
in-vitro matured oocytes might be compromised by the 
cryopreservation process, and vitrifi cation of mature 
oocytes is preferred over cryopreservation of immature 
oocytes.46 Research focused on reduction of the effi  ciency 
gap between in-vitro and in-vivo oocyte maturation is in 
progress, and harnessing the activity of factors from the 
TGF-β family,47 cAMP modulators,48,49 and EGF-like 
factors50 has shown promising results.

Advances in ovarian cortex transplantation
The birth of the fi rst healthy girl after transplantation of 
cryopreserved human ovarian tissue happened nearly a 
decade after the initial work of Roger Gosden and 
David Baird in sheep.51–53 The present techniques for slow 
freezing of ovarian cortex by use of dimethyl sulfoxide as 
cryoprotectant are based on this pioneering research. So 
far, ovarian tissue grafting has yielded more than 
30 healthy children after autotransplantation, mainly 
into the pedicle of the remaining ovary or onto peritoneal 
sites. Although restoration of fertility is the main aim of 
ovarian tissue transplantation, the mean duration of 
ovarian endocrine function after transplantation is about 
5 years,54 which suggests that this procedure might also 
be used to delay menopause. Programmed slow freezing 
seems to result in substantial loss of both growing 
follicles and primordial follicles. Optimisation of the 
cryopreservation process and grafting technique should 
improve survival of the follicular reserve and reduce the 
need for multiple grafts in women who have had cancer.

Although the ovarian medulla, broad ligament, or 
ovarian fossa are intuitively deemed the best places for 
transplantation, there is insuffi  cient evidence that these 
are better than distant heterotopic sites—eg, abdominal 
wall, forearm, or breast. Although resumption of 
endocrine function has been consistent54 and embryo 
development has arisen after heterotopic transplantation, 
only three pregnancies derived from oocytes aspirated 
from a heterotopic graft have been reported.55–57

The potential of revascularisation of the graft is perhaps 
the most important factor for success, because it 
establishes the survival rate of the follicle pool within the 
graft. The development of capillaries into the tissue from 
the bed of the graft happens within a few days.58 Careful 
preparation of the vascular bed, either mechanically or 
with vasoactive substances, might improve graft survival 
and prolong its functionality.

Cryopreservation of ovarian tissue: vitrifi cation 
or slow freezing?
Advances in the specialty of cryobiology have improved 
the cryopreservation of complex multicellular structures 
and even whole organs. During the past decade, 
vitrifi cation has gradually replaced slow programmed 
freezing for the cryopreservation of embryos and oocytes. 
Although slow freezing of ovarian cortex is still applied in 
most fertility preservation laboratories and has resulted in 
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most of the livebirths after ovarian cortex transplantation, 
vitrifi cation of ovarian tissue is an emerging focus 
of investigation,59 and the fi rst livebirth after 
transplantation of vitrifi ed-warmed tissue was recently 
reported.60 Compared with slow freezing, vitrifi cation is 
associated with improved conservation of the ovarian 
follicular and stromal structures,61 and increased follicle 
survival rates,62,63 which should lead to improved function 
of the tissue after transplantation. However, the use of 
high concentrations of cryoprotectant chemicals and the 
ultra-rapid cooling rate, which requires direct contact with 
liquid nitrogen, have raised questions about the safety of 
this method. Comparative data for the effi  ciency of 
vitrifi cation and slow freezing of ovarian cortex need to be 
validated in prospective randomised studies, with healthy 
livebirth rates as the primary endpoint.

When considering autotransplanation of cryopreserved 
ovarian cortex, avoidance of reintroduction of malignant 
cells via the tissue graft is paramount. In a recent review of 
391 patients eligible for ovarian tissue cryopreservation,64 
investigators noted metastases in ovarian tissue of 1·3% of 
all patients with cancer by use of light microscopy; patients 
with leukaemia had the highest risk of malignant cells 
within ovarian tissue grafts. In another study,65 malignant 
cell infi ltration was recorded in 7% of tissue specimens 
from 422 patients by use of biochemical and histological 
detection methods including PCR and xenotransplantation. 
Although none of the patients had cancer recurrence after 
transplantation,54,65 robust methods to detect or prevent 
inclusion of cancer cells in transplanted ovarian tissue are 
key to enhancing the safety of ovarian tissue 
transplantation. In addition to in-vitro culture of isolated 
primordial follicles for transplantation, ovarian tissue 
purging has been used to eliminate malignant cells,66 and 
artifi cial ovaries of primordial follicles combined with 
disease-free stromal elements have been constructed.67,68

Primordial and preantral follicle culture
Strategies for culturing follicles ex vivo have been under 
development for many years, not only to address 
fundamental questions of follicle development, but also 
for applications in fertility preservation. Many methods 
for in-vitro growth of follicles are under development 
worldwide, showing the large interest in provision of 
next-generation assisted reproductive technology options 
for patients with cancer who have banked their ovarian 
tissue. Most follicles in the removed tissue are at 
primordial and preantral stages, and two-dimensional 
and three-dimensional follicle culture systems in mice 
and human beings have been developed (appendix). 
Primary follicles need several days in culture and the 
support of a dynamic somatic cell compartment; this 
architectural requirement led to the development of 
alginate and other biomaterials that mimic the natural 
ovarian structure. The alginate hydrogel system was 
tested in mice and has been successfully applied to 
rhesus monkey, baboon, and human follicles.69–71 Mature 

eggs and embryos have been derived in the non-human 
primate setting, whereas the terminal meiotic maturation 
of the human oocyte, its fertilisation, and transfer to a 
human recipient await development. The main advantage 
of this system is that follicle growth is undertaken 
completely in vitro, which produces a mature egg that 
can be fertilised. Thus, the embryo, which contains no 
somatic cells from the donor, can be transferred to the 
patient or to a gestational carrier without the risk of 
re-introducing cancer to the patient. However, this 
method does not restore endocrine function, and the 
patient will need endocrine management for pregnancy 
and the duration of her life.

The development of ovarian tissue and follicle culture 
systems is associated with several major challenges. The 
recent fi nding of abnormal oocyte morphology in a 
signifi cant number of primordial oocytes in the ovarian 
cortex from prepubertal girls has raised some concern.72 
The data suggest that a population of follicles from 
prepubertal patients with cancer who undergo ovarian 
cortex cryopreservation might harbour poor quality 
oocytes. Other challenges include the need to 
synchronously activate cultured primordial follicles from 
the dormant to the growing stage, incomplete knowledge 
of the physical and biochemical factors that support 
normal growth and diff erentiation across preantral 
stages and inhibit atresia, and the design of non-invasive 
assays of oocyte development within the cultured follicle. 
In the past decade, major advances have been made in 
molecular biochemistry and bioinformatics and the 
unravelling of the principal networks driving early 
follicular growth processes in vivo. The integration of 
biomolecular science, biophysics, and non-invasive 
analytical methods should vastly improve follicle culture 
systems, make easier the non-invasive assessment of 
oocyte nuclear and cytoplasmic development in cultured 
follicles, and lead to the identifi cation of the molecular 
signature for oocyte competence.73

One intriguing and recent report60 of a healthy 
livebirth after in-vitro follicle activation merits further 
scrutiny. The fragmentation of ovaries from women 
with primary ovarian insuffi  ciency triggers follicle 
growth, through disruption of Hippo signalling. After 
sub sequent activation of the Akt signalling pathway 
and autografting, mature oocytes were obtained in 
eight patients, two of whom became pregnant. These 
data suggest that activation of residual dormant 
follicles is a feasible approach to achievement of future 
pregnancy in women who have had cancer and who are 
infertile because of ovarian follicle depletion.

Future preventive strategies to decrease the 
eff ect of gonadotoxic treatment
One of the most important new directions for fertility 
preservation is the development of mitigation strategies to 
reduce the off -target eff ects of chemotherapy or radiation 
treatment on the ovaries (table). These strategies will 

See Online for appendix
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reduce the need to pursue more radical interventions such 
as ovariectomy, which might be especially diffi  cult to 
consider in children with a cancer diagnosis.

One approach consists of encapsulation of the 
chemotherapeutic entity within a nanoparticle. By virtue 
of its size and the potential to functionalise the drug, a 
nanoparticulate vehicle can target a chemo-payload to 
the tumour.83 The method is predicated on the diff erential 
vascular density of solid tumours relative to other tissues 
and the ability to create a lethal dose in the cancer tissue 
with little or no appreciable uptake of the nanoparticles 
in other tissues.84–86 This idea has been tested with 
arsenic trioxide, a chemotherapy drug used in lymphoma 
but not in breast cancer because the eff ective dose is 
lethal.87 Nano-encapsulation of the drug was tested in a 
mouse model of breast cancer, and showed that the drug 
was eff ective in restricting the disease, but did not 
aff ect fertility.74 Nano-encapsulation strategies could be 
extended to any existing chemotherapy targeting solid 
tumours to restrict the eff ects of these powerful 
anticancer drugs on the gonads.

A second mitigation strategy is fairly controversial but 
is based on inhibition of the immediate early apoptotic 
eff ect of chemotherapies and radiation on primordial 
follicles. Primordial follicles die rapidly after drug delivery 
or radiation exposure because of the presence of a 
hyperactive cell suicide pathway, suggested by high 
expression levels of p63.88,89 As few as four double-strand 
breaks result in cellular apoptosis through this pathway.82 
The tyrosine kinase inhibitor imatinib (Gleevec) blocks 
the kinase c-abl, which feeds the death pathway and, in 
the presence of cisplatin, can restrict primordial follicle 
death.75,76 The use of this drug or others that restrict 
cellular apoptosis would be attractive for preservation of 
follicles, especially in women diagnosed with cancer after 
the age of 38 years and who face an early menopause as 
a consequence of cancer treatment. Restriction of 
primordial follicle loss in this group of women ensures 
a longer time to ovarian failure. Furthermore, aff ected 
oocytes might be able to repair themselves if they are not 
immediately targeted for apoptosis, which provides an 
application for this treatment in young patients.

Sphingosine-1-phosphate (S1P) treatment reduces 
radiation-induced oocyte apoptosis.80 Proof-of-concept 
evidence was achieved with the livebirth of a monkey from 
a female that had been treated with a chemotherapeutic 
and the antiapoptotic factor S1P.82 Promising results have 
also been published for the immunomodulator AS101.21,81 
More drug tests are necessary to assess the fertility 
preservation applications and endocrine eff ects of these 
interventions. Drugs that interfere with apoptosis might 
also be oncogenic; therefore, these strategies are deemed 
experimental and need more preclinical research in 
appropriate animal models.

Finally, gonadotropin-releasing hormone analogues 
have been used to block the reproductive axis to restrict 
chemotherapeutic-induced primordial follicle death. 

This treatment has been studied for many years in both 
non-randomised and randomised trials with inconsistent 
outcomes; so far, investigators have noted no improved 
livebirth rates after treatment with gonadotropin-
releasing hormone analogues before chemotherapy.24 For 
now, with no good basic rationale for the eff ect, the use of 
gonadotropin-releasing hormone analogues for fertility 
preservation remains controversial.

Derivation of germ cells from stem cells
In the past 10 years, the ovaries of mice and human 
beings were found to contain not only the non-renewable 
oocyte-containing follicle pool established at birth,90 but 
also ovarian or oogonial stem cells. Oogonial stem cells 
can be collected and cultured and develop into oocytes 
under certain conditions.91,92 Present eff orts are aimed at 
establishing whether the oocytes derived from the 
oogonial stem cells can be combined with support cells 
(granulosa and theca cells) to form follicles that will 
grow and produce mature oocytes that can be fertilised.93

Mouse oogonial stem cells have been cultured in vitro, 
GFP labelled, and transplanted back into recipient 
ovaries, leading to the production of GFP-positive 
fertilised oocytes, embryos, and live off spring.92,94 In 
human beings, early-stage follicle-like structures with 
granulosa cell-enclosed oocytes are formed when 
human-isolated oogonial stem cells are aggregated with 
dispersed adult human ovarian tissues. Furthermore, 
after transplantation of oogonial stem cell-containing 
human ovarian cortical tissues into immunodefi cient 
mice, primordial and primary-like follicles can be 
detected, which suggests the possible reconstitution of 
follicles from the human oogonial stem cells.90 More 
research is needed to improve the effi  cacy of ovarian stem 
cell isolation and development into oocytes.

Species Effi  cacy

Nano-encapsulation of arsenic trioxide treatment 
in mice with lymphoma74

Mouse More active against lymphoma and 
less deleterious to ovarian function

c-Abl-TAp63 pathway inactivation by imatinib75,76 Mouse Decreased oocyte death induced by 
chemotherapy

Gonadotropin-releasing hormone agonist 
analogue triptorelin treatment77

Rat Protected ovarian function from 
x-irradiation

Gonadotropin-releasing hormone agonist 
analogue triptorelin treatment during 
chemotherapy in young patient with breast 
cancer78,79

Human being Decreased early menopause rate and 
prolonged ovarian function upon 
triptorelin treatment

S1P treatment in adult mice80 Mouse Reduced radiation-induced oocyte 
loss

Immunomodulator AS101 treatment in adult 
female mice21,81

Mouse Increased DNA repair ability after 
irradiation, reduced follicle loss, and 
preserved fertility

S1P or FTY720 treatment before ovarian 
radiation82

Rhesus monkey Livebirth and normal fertility

S1P treatment in human ovarian tissue xenograft 
in mouse82

Human being Reduced radiation-induced primordial 
oocyte depletion in human ovarian 
cortical tissue

Table: Neoadjuvant pharmacotherapy to reduce the eff ects of chemotherapy on the ovaries
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Induced pluripotent cell-derived stem cells might 
provide an additional route for fertility restoration. 
Primordial germ cell-like cells, which have been 
successfully induced from embryonic stem cells of male 
mice, undergo normal spermatogenesis and can be used 
for fertilisation to produce off spring.95 Recently, female 
primordial germ cell-like cells derived from female 
embryonic stem cells were used to reconstitute ovaries in 
vitro for transplantation back to mouse ovaries;96 the 
primordial germ cell-like cells produced meiotically 
competent oocytes that could be fertilised to produce 
viable off spring. Alternatively, the bone marrow and 
peripheral blood might be potential sources of ovarian 
germ cells capable of generating oocytes;97 however, these 
fi ndings remain controversial because no ovulated oocyte 
derived from circulating germ cells has been confi rmed.98

The use of native or in-vitro-derived germ cells raises 
the possibility that, for women and girls with cancer, the 
production of new oocytes to replace the ovarian reserve 
destroyed by cancer treatment might be possible. This 
approach would not only off er a way to restore fertility in 
young women who have had cancer, but also prevent 
premature ovarian failure and the loss of ovarian 
hormones that have far-reaching health benefi ts in 
cancer survivors of advancing age.99

Conclusion
Taken together, the specialty of oncofertility is growing 
with new technologies that are meeting patient needs. 
These promising developments represent a strong 
incentive to provide fertility preservation counselling, 
and the preservation, surveillance, and restoration of 
fertility are becoming integral parts of care for women 
who have had cancer. Nevertheless, many novel 
approaches are still experimental and need validation. 
Further translational and clinical research will be crucial 
for the establishment of patient-tailored interventions to 
maximise the likelihood of healthy off spring after cancer.
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