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Introduction

Many women in their reproductive age are diagnosed with 
cancer each year. Approximately 843,820 women were di-
agnosed with cancer in the United States in 2016 and over 
89,000 cases were under 45 years old [1]. In Korea, the 
number of female patients with cancer was 104,175 in 2014. 
The 5-year survival rate of all patients diagnosed with cancer 
between 2011 and 2015 was 70.7%, and has been steadily 
improving [2]. The development of medical technology in the 
diagnosis and treatment of cancer, particularly of chemother-
apy and radiotherapy, has increased the survival rate of these 
patients [3]. Both chemotherapy and radiotherapy cause loss 
of ovarian function due to follicular depletion [4,5]. Especially 
alkylating agents such as cyclophosphamide are gonadotoxic 
and cause premature ovarian failure [6]. 

According to the social trends of postponing the childbear-
ing for professional or personal reasons, many patients with 
cancer have not yet begun or completed their family planning 
[7]. For women, cancer treatment-related infertility may be as-
sociated with a loss of self-esteem and can lead to psychoso-
cial distress [8]. Therefore, efforts should be made to provide 
with opportunities for young patients with cancer to preserve 
their fertility potential. The recovery of ovarian function, 

which means recovery of endocrine function and fertility, will 
improve the quality of life of women in their reproductive age 
after they have survived cancer [9].

Cancer treatment and ovarian damage 

Due to improvements of chemotherapy and radiotherapy, 
the effect of cancer treatment and survival rate of patients 
with cancer are greatly improved compared to the past, but 
unfortunately gonadal injury remained a major complication. 
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Chemotherapy-induced amenorrhea has been reported in 
literature and its incidence ranges from 53% to 89% in pa-
tients with breast cancer [10].

Anti-cancer drugs for gonadal damage are generally clas-
sified into low risk, intermediate risk, and high risk groups 
(Table 1) [6,11]. With conventional chemotherapy, there are 
differences in ovarian failure rate according to type, dose, 
duration of chemotherapy drug, and age of patient [12]. 
Gonadotoxic treatment at any reproductive age can lead to 
subsequent infertility. The primordial follicles are lost with 
increasing age, and the risk of gonadal damage and infertil-
ity is higher in older patients than in younger patients [13]. 
In addition, most patients with cancer are treated with multi-
agent chemotherapy protocols, and it is not easy to assess the 
degree of gonadal damage caused by each specific agent [14].

The primordial follicles are very sensitive to radiation and 
the extent of damage to the ovaries depends on the total 
dose, the field of treatment, fractionation schedule and age 
at the time of treatment [15]. Radiotherapy-induced follicular 
damage resulting in a high risk of prolonged amenorrhea can 
occur when pelvic or whole abdominal areas are exposed 
to a radiation dose ≥6 Gy in adult women, ≥10 Gy in post-
pubertal girls, and ≥15 Gy in prepubertal girls [16-20]. As the 
number of primordial follicles is proportional to the oocyte 
pool, younger patients who receive radiotherapy have the 
later onset of premature menopause [21].

Awareness of health-care providers 
regarding fertility preservation 

The American Society of Clinical Oncology (ASCO) guidelines 
recommended that oncologists should inform patients with 
cancer about potential treatment-related infertility and make 

appropriate referrals for interested patients [22]. In one survey, 
61% of oncologists always or usually discuss the impact of 
potentially gonadotoxic treatments on patient’s future fertility. 
Of interest, nearly half (45%) never referred women to repro-
ductive specialists, with only 15% was routinely referring [23]. 
Another study reported that there have been sex differences 
in access to fertility-related information and the use of fertil-
ity preservation treatment. Compared to female patients with 
cancer, males received more information about treatment 
impact on fertility (80% vs. 48%) and fertility preservation 
(68% vs. 14%). More than half of men banked frozen sperm 
whereas only 2% of women underwent fertility preservation 
[24]. For women with breast cancer, factors favoring early 
referrals were older age, early-stage cancer, family history of 
breast cancer, and academic center involvement. Those seen 
before cancer treatment were more likely to receive an inter-
vention [25].

Physician’s knowledge about efficacy of fertility preserva-
tion and the referral of patients is one part of communication 
barrier regarding fertility preservation. One survey reported 
that only half of physicians (53.3%) in pediatric hematology/
oncology were aware of knowledge of current research and 
technology in fertility preservation and 64.3% of physicians 
answered that there are difficulties in finding proper referral 
site and specialists for their patients with cancer [26]. 

Most physicians know about the adverse effects of cancer 
treatment with chemotherapy and radiotherapy on reproduc-
tive potential. However, gaps exist between knowledge and 
practice, therefore, more readily available and accessible infor-
mation is needed.

Options on fertility preservation in 
women

Fertility preservation options for women take into account 
patient’s age, the presence of partner, the treatment method, 
and the possibility of treatment delay. Several options for 
fertility preservation in females have been introduced, includ-
ing embryo and oocyte cryopreservation, ovarian tissue cryo-
preservation, ovarian suppression, ovarian transposition, and 
conservative gynecologic surgery (Table 2) [22,27].

Both embryo and oocyte cryopreservation require a period 
of approximately 10–14 days from the onset of menstruation 
for ovarian stimulation. Therefore, if it is difficult to delay che-

Table 1. Estimated risk of gonadal damage according to chemo-
therapy treatment

High risk Intermediate risk Low risk

Cyclophosphamide Cisplatin Methotrexate

Ifosfamide Adriamycin 5-Fluorouracil

Chlorambucil Vincristine

Melphalan Bleomycin

Busulfan Actinomycin D

Nitrogen mustard

Procarbazine



www.ogscience.org 433

Sooyoung Kim, et al. Ovarian freezing and transplantation

motherapy, it is advisable not to wait for the next menstrual 
cycle to start the stimulation protocol and random start stimu-
lation protocol is recommended [6,28]. Embryo cryopreserva-
tion is known as the best-established technique and has been 
widely used around the world. In a recent retrospective cohort 
study, frozen embryo transfer protocols had higher implanta-
tion rate (46.8% vs. 42.0%) and ongoing pregnancy rate 
(52.0% vs. 45.3%) than fresh transfer protocols [29]. It was 
estimated that more than half million of babies have been 
born worldwide using frozen-thawed embryos [30].

Oocyte cryopreservation was newly accepted as a standard 
method for fertility preservation in 2013 ASCO guideline 
update. For a long time, oocyte cryopreservation was based 
on slow freezing protocols, which made it harder for zona 
pellucida. This drawback could only be overcome after the 
development of intracytoplasmic sperm injection [31]. Oocyte 
freezing by vitrification can avoid intracytoplasmic ice crystal 
formation as well as cytoskeleton damage. With these meth-
ods, high survival and pregnancy rates were obtained [32]. An 
implantation rate of 40% and clinical pregnancy rate of 55% 
with vitrified oocytes have been reported similar to fresh oo-
cytes [33].

Gonadal shielding during radiotherapy is used as a treat-
ment protocol in female cancer. If shielding of the gonadal 
area is not feasible, ovarian transposition, in which the ovaries 
are surgically fixed away from the radiation field, should be 
considered. Gynecologic oncologists should consider the ra-
diation field, which is usually extents to the upper field border 
of the forth/fifth lumbar vertebra [34]. It is widely accepted 
that surgical transposition should be performed at least 3 cm 
above the upper border of the radiation field [35].

Ovarian suppression with gonadotropin-releasing hormone 
agonist (GnRHa) or antagonist treatment during chemother-

apy is still a controversial method of fertility preservation. This 
method is based on the theory that ovarian follicle destruction 
is prevented by maintaining the ovarian follicle dormant by 
suppressing ovarian function transiently during chemotherapy. 
In a recent study performed on 218 premenopausal patients 
with breast cancer, the outcomes of standard chemotherapy 
with a GnRHa were compared with standard chemotherapy 
alone [36]. The ovarian failure rate was 8% in the GnRHa 
group and 22% in the chemotherapy alone group. Pregnancy 
rates were higher in the group with GnRHa than in the che-
motherapy alone group (21% vs. 11%), and a total of 12 
babies were born in the chemotherapy alone group versus 18 
babies were born in the GnRHa group. However, there was no 
significant difference between the 2 groups when pregnancy 
rates were recalculated for women attempting to conceive. In 
addition, they used follicle-stimulation hormone (FSH), estra-
diol, and inhibin B as the indicator of ovarian reserve therefore 
their concentration varied according to the menstrual cycle. 
Previous studies, using an anti-Müllerian hormone (AMH) or 
antral follicular count that are independent indicators of fertil-
ity in a physiological cycle, no benefit of GnRHa was reported 
[37]. Further studies are required to confirm the efficacy and 
safety of ovarian suppression using GnRHa to prevent gonad-
al damage during chemotherapy. Another study showed that 
treatment with AMH during chemotherapy can significantly 
protect the ovarian reserve in mice [38]. AMH also known as 
müllerian inhibiting substance is produced by granulosa cells 
of growing follicles, which act as a negative regulator of pri-
mordial follicle activation. Unlike current hormonal contracep-
tives that interfere with the hypothalamus-pituitaty-gonadal 
axis, AMH directly affects the first step of folliculogenesis, 
allowing it to spare the pool of quiescent primordial follicles. 
The inhibition of primordial follicle activation by AMH was 
found to be reversible. It demonstrated that AMH is an effec-
tive contraceptive in mice during chemotherapy and expected 
to open up many clinical possibilities in other conditions. The 
other study conducted to evaluate the effects of sphingosine-
1-phosphate (S1P) on human ovarian tissue implanted in mice 
during chemotherapy [39]. S1P is an anti-apoptosis agent, 
which is an inhibitor of ceramide-induced death pathway of 
follicular cells. They treated with S1P co-treatment and evalu-
ated an expression of activated caspase 3 to confirm the 
activation of apoptotic cell death pathways. S1P co-treatment 
with chemotherapy was associated with the significant de-
crease in the percentage of apoptotic follicles compared with 

Table 2. Fertility preservation options in women with cancer

Standard

Embryo cryopreservation 

Oocyte cryopreservation 

Gonadal shielding during radiation therapy 

Ovarian transposition (oophoropexy)

Other conservative gynecologic surgery 

Investigational

Ovarian tissue cryopreservation and transplantation 

Ovarian suppression with GnRH analogs or antagonists

GnRH, gonadotropin-releasing hormone.



www.ogscience.org434

Vol. 61, No. 4, 2018

chemotherapy only group (32.7±4.4% vs. 62.0±3.9% in cy-
clophosphamide; 27.1±7.6% vs. 76.7±7.4% in doxorubicin). 
It demonstrated that S1P can block human apoptotic follicles 
death induced by chemotherapy agents and suggested phar-
macological strategies to preserve ovarian function in human 
undergoing cancer treatments.

Conservative gynecologic surgery intends to spare the re-
productive organs as much as possible for subsequent fertility. 
Trachelectomy is a surgical procedure used to treat eligible 
women with early stage cervical cancer who wish to preserve 
their fertility. In one study, 125 patients underwent vaginal 
radical trachelectomy and reviewed fertility and obstetrical 
outcomes. The recurrent rate of cervical cancer after trach-
electomy was 4.8% and the death rate was 1.6%. A total of 
58 women were pregnant from 106 cases, and 75% of them 
had full term delivery. Overall, 13.5% of patients had prob-
lems associated with fertility [40]. In ovarian cancer, according 
to the National Comprehensive Cancer Network guidelines, 
unilateral salpingo-oophorectomy preserving the uterus and 
contralateral ovary can be considered for patients with appar-
ent early stage invasive epithelial tumors, or low malignant 
potential lesions who wish to preserve their fertility [41,42]. 
In endometrial cancer by stage 1 grade 1, fertility-preserving 
therapy can be performed when there is no invasion into 
the myometrium [43]. Following continuous progestin-based 
therapy, endometrial sampling must be performed every 
3–6 months. If a patient shows complete remission after 6 
months, she may attempt a pregnancy while being carefully 
monitored in every 3–6 months, and undergo surgical staging 
surgery, including total hysterectomy and/or bilateral salpingo-
oophorectomy, upon pregnancy completion [44].

Ovarian tissue cryopreservation is an experimental method 
of fertility preservation. It has advantage of requiring neither 
a sperm donor nor ovarian stimulation. Therefore, it is the 
only option available for prepubertal girls and patients who 
cannot delay their cancer treatment for ovarian stimulation. 
Unlike freezing individual oocytes or embryos, ovarian tissue 
cryopreservation can preserve hundreds of primordial follicles 
more effectively at once [45].

There are 2 methods of ovarian tissue cryopreservation: 
slow freezing and vitrification. Slow freezing is known as 
equilibrium freezing and results in safe freezing without seri-
ous osmotic and deforming effects to cells [46]. Samples are 
frozen slowly in a programmable freezer to approximately 
−140°C, and then the tissue is put into liquid nitrogen at 

−196°C for storage. Vitrification is a non-equilibrium method 
and is developed to minimize the risk of ice crystal formation 
in ovarian tissue [47,48]. Vitrification requires much higher 
concentrations of the cryoprotectant and extremely high cool-
ing rate compared to slow freezing [49]. The frozen-thawed 
ovarian tissue can be transplanted orthotopically to the pelvis 
or heterotopically to subcutaneous areas such as the forearm 
or abdomen. As transplantation of ovarian tissue is performed 
without vascular reanastomosis, the ovarian graft is exposed 
to ischemia and potential follicular depletion during the time 
before tissue revascularization. Therefore, an adequate time is 
necessary for new blood vessels growth [50].

Whole ovarian transplantation with vascular anastomosis 
allows an immediate revascularization of the ovarian cortex, 
and significantly reduces the probability of ischemic injury [51]. 
To avoid ischemic injury, transplantation of a whole cryopre-
served ovary may be a better option. However, cryopreserving 
a large sized intact ovary is problematic because of the diffi-
culty of adequate diffusion of cryoprotective agents into large 
tissue masses and vascular injury caused by intravascular ice 
formation [52]. Nevertheless, successful cryopreservation and 
autotransplantation of whole ovaries have been achieved in a 
number of experimental animal studies [53-55]. The viability 
of the human whole ovary after cryopreservation and trans-
plantation are encouraging and further research should allow 
the utilization of this option in the future. 

Recently, in vitro ovarian follicle maturation is being studied 
for preservation of fertility. One serious and legitimate con-
cern is the possibility of reimplanting malignant cells from the 
primary tumor back into women who have overcome their 
cancer [56]. Isolation of individual ovarian follicles from ovar-
ian tissues and subsequent in vitro culture may minimize the 
risk of transmission and reimplantation of malignant cells. The 
goal of these methods are to retrieve fully developed oocytes 
from cultured follicles that could be matured in vitro and 
fertilized, producing viable embryos for transfer to the uterus 
[57]. These techniques have been successfully used to culture 
follicles from mice to human [58,59]. 

Ovarian tissue cryopreservation and 
transplantation

The first ovarian transplant with cryopreserved ovarian tissue 
was performed by Oktay et al. in 1999 and 2010 [60,61]. 
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Eighty pieces of tissue were thawed and sutured to 2 triangu-
lar frames composed of an absorbable cellulose membrane. 
They were then sutured underneath the left pelvic peritoneum 
laparoscopically [60]. In 2004, Donnez et al. [62] reported the 
first successful live birth after ovarian tissue transplantation 
by using slow freeze technique. Since then, there have been 
many human studies reporting successful pregnancies after 
ovarian tissue cryopreservation and transplantation [62-66]. 
Recently, robot-assisted transplantation approach that may 
have several advantages over laparoscopic transplantation, 
which include precision, more delicate graft handling, and 
reduced time from tissue thawing to transplantation, has also 
been reported [67].

Ovarian tissue has been xenotransplanted from human to 
immunodeficient mice, with subsequent ovulation for ex-
perimental purpose [68-70]. High rates of follicular survival 
after transplantation of cryopreserved human ovarian tissue 
in mice have been demonstrated with the reservation of a 
large pool of dormant primordial follicles [71]. However, ab-
errant microtubule organization and chromatin patterns that 
occur during the maturation process may result in abnormal 
oocytes [72,73]. The risk of trans-species infections, caused 
by pathogens including retroviruses and prions also needs to 
be evaluated before clinically addressing this experimental 
approach. 

Ovarian function recovery and longevity 
after ovarian tissue transplantation

A review of 3 centers reported 60 cases of re-implantation [74]. 
All ovarian tissues were frozen using the slow freezing meth-
od and the ovarian activity was restored in 92.9% of cases. 
Approximately 3.5 to 6.5 months after transplantation were 
necessary for a rise in estradiol and a decrease in FSH levels.

Silber et al. [75] reported orthotopic ovarian isotransplanta-
tion between a series of monozygotic twins discordant for 
ovarian failure in 2008. Normal FSH levels and menstrual cy-
cles resumed 77–142 days after fresh and cryopreserved ovar-
ian tissue transplantation. Subsequently, 11 live births were 
reported following fresh ovarian tissue transplantation and 
3 live births after cryopreserved one [76,77]. The tissues had 
been frozen for 14 years at most. Most patients conceived 
naturally and 3 of them conceived twice or 3 times from the 
same graft. Modest portion of ovarian tissue grafts have sur-

vived more than 7 years indicating minimal oocyte loss from 
ischemic period. 

Donnez et al. [78] reported 3 cases of ovarian transplanta-
tion between genetically non-identical sisters in 2010. The 
recipients received chemotherapy and radiotherapy resulting 
in premature ovarian failure. All donated ovarian tissue were 
human leukocyte antigen-compatible with the recipients. The 
donor’s ovarian cortex was sutured to the recipient’s decorti-
cated ovarian medulla. The biopsies taken during transplan-
tation showed atrophic ovaries of the recipient with lack of 
follicles. It was the first successful recovery of ovarian function 
after allo-transplantation.

Kim [79] reported the longevity of heterotopic auto-trans-
plantation of frozen-thawed ovarian tissue in 5 patients with 
cancer from 2001 to 2011. The patients were aged between 
30 and 40 years and received stored ovarian tissue (for 1–10 
years). A total of 8 to 10 slices of rapidly thawed thin ovarian 
cortex were threaded onto a 3-0 Vicryl suture for re-implan-
tation between the rectus sheath and muscle. Monthly hor-
mone levels were monitored until the cessation of endocrine 
function had been confirmed. Endocrine function was recov-
ered between 12 and 20 weeks after transplantation. Four 
patients underwent the second transplantation 1 to 2 years 
after the first one. The duration of endocrine function after 
the second transplantation was much longer (9–84 months) 
and the longest one lasted for 7 years. The patient had 3 in 
vitro fertilization cycles resulting in 4 embryos. 

The longevity of grafted ovarian tissue is still being evalu-
ated. Jensen et al. [80] reported 53 transplants maintaining 
endocrine function up to 10 years and a pregnancy rate of 
31% for those who wish to conceive (10 of 32). This result 
after freezing-thawing transplantation would be beneficial 
for young patients with cancer and premature ovarian failure. 

Table 3. Factors affecting the longevity of ovarian tissue graft 

1. Age at the time of cryopreservation

2. Baseline ovarian reserve

3. History of cancer treatment

4. Techniques of ovarian tissue preparation

5. Freezing-thawing protocols

6. Number of cortical sections grafted

7. Transplantation techniques and graft sites

8. Degree of ischemia after transplantation

9. Number of follicles survived in ovarian grafts
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Follicles may be cryopreserved for future use, and some pa-
tients may require repeated transplantation to maintain ovar-
ian hormonal function [81].

Many factors that may affect the length of time the grafts 
function (Table 3) [79,82]. One of the most important factors 
is the number of survived eggs during the freezing-thawing 
and revascularization. The graft needs 4–5 days to be reoxy-
genated [83,84]. To increase the chance of fertility preserva-
tion, one-half to two thirds of the cortex from one ovary is 
harvested in most cases [85]. During revascularization, about 
one third of the immature eggs survived the ischemic damage 
[86]. Subsequently, the number and the likelihood of the im-
mature eggs’ survival may be estimated during freezing-thaw-
ing to ensure transplant of more than 1,000 non-growing 
follicles (the number in a menopause women) [87,88]. In ex-
periment, to improve the angiogenesis, the site of transplan-
tation could be prepared by encapsulated vascular endothelial 
growth factor (VEGF) [89] and stromal cells enriched in CD 34 
cells [90]. Patient treatment with melatonin or ovarian tissue 
incubation with hyaluronan-rich biological glue, plus VEGF-A 
and vitamin E may improve graft survival [91]. 

Pregnancy outcomes from cryopreserved 
and re-implanted ovarian tissue

To date, 87 live births and 9 ongoing pregnancies have been 
reported from ovarian tissue cryopreservation and transplan-
tation worldwide (Fig. 1) [92,93]. The data from 5 centers 
where the information concerning the number of transplan-

tations was known was collected [94]. Overall, 29% women 
conceived after tissue cryopreservation and transplantation (32 
of the 111 recipients). Except for 2 births achieved by vitrifica-
tion method reported by Migishima et al. [54] and few births, 
slow freezing was used mostly although the results of vitrifi-
cation in experimental models are increasingly promising. Two 
women delivered 3 babies each, demonstrating the possibility 
of natural conception several times after one procedure [95]. 
According to Donnez et al. [94], orthotopic transplantation 
allowed more than 50% of women to conceive naturally. The 
patient’s age at the time of cryopreservation is a predictive 
factor, as the majority of pregnant women were under age of 
30. In general, age of 35 is regarded as upper limit for cryo-
preservation of ovarian tissue, because during the procedure, 
follicle preservation mainly occurs in primordial follicles, but 
their number significantly decreases with age [96]. There are 
a few recommendations to select candidates most likely to 
benefit from ovarian tissue cryopreservation (Table 4) [97,98]. 

As previously mentioned, re-implantation can be classified 
as orthotopic or heterotopic [99]. Endocrine function recovery 
has been described consistently after heterotopic ovarian trans-
plantation [100]. The strengths of heterotopic ovarian tissue re-
implantation are: 1) avoidance of invasive procedure; 2) easy 
accessibility of the graft; 3) cost-effective technology, if the 
procedure is required more than once; and 4) feasibility even in 
cases of severe pelvic adhesions that hinder orthotopic trans-
plantation [79,100,101]. However, natural conception cannot 
be expected, and in vitro fertilization is required. To date, there 
are 2 reported cases of pregnancy after heterotopic grafting 
worldwide [102,103]. This result may provide optimism for 
women who had prior pelvic surgery or radiotherapy without 
an appropriate orthotopic site for transplantation.

Table 4. Selection criteria for ovarian tissue cryopreservation

1. 	�Age below 35 years (flexible depending on AMH level and 
biological age)

2. 	A high risk of premature ovarian failure (>50%) gonadotoxic 

3. 	A realistic chance of surviving for 5 years

4. 	�No previous chemotherapy or radiotherapy if aged 15 years or 
older at diagnosis, but mild, non-gonadotoxic chemotherapy is 
acceptable if younger than 15 years

5. 	No disseminated disease

6. 	No contraindications against operation or anaesthesia

7. 	Informed consent (parent and patient when possible)

AMH, anti-Müllerian hormone.

Fig. 1. Cumulative live births after ovarian tissue cryopreservation 
and transplantation. The number has increased in recent years, result-
ing in a total of 87 live births until May 2017.
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The current and future perspective of 
ovarian tissue transplantation 

In Korea, to our knowledge, the first successful ovarian tis-
sue transplantation was performed in 2016 [104]. A 23-year-
old patient with cervical cancer underwent pelviscopic partial 
resection of both ovaries for ovarian tissue cryopreservation 
using vitrification. As a result of concurrent chemoradiation 
therapy, she developed iatrogenic premature ovarian failure 
with no tumor recurrence observed during 5 years after treat-
ment. The patient requested ovarian tissue transplantation, 
and it was performed in both pelvic lateral walls via Pfannen-
stiel incision. Monthly hormonal levels were monitored after 
transplantation, and a rise in estradiol and a decrease in FSH 
levels were measured 5 months after. The radiotherapy to the 
uterus with ovarian transposition significantly and irrevers-
ibly damages the uterus and its function. Thus, one of pos-
sible clinical scenarios is that she may undergo ovum retrieval 
under ultrasound guidance from the relocation site, and the 
eggs can be fertilized with sperm. This may allow the patient 
to have a child through a surrogate mother [105].

Ovarian tissue cryopreservation and re-implantation in 
women diagnosed with cancer before cancer treatments is 
an effective option to preserve their fertility and to restore 
gonadal endocrine function. For cryopreservation, most of 
the births were derived from slow freezing [74]. Consider-
ing the expense and complexity of slow freezing, vitrification 
requires further investigation to be chosen as an alternative. 
Except for 2 pregnancies, all reported pregnancies resulted 
from orthotopic transplantation [102]. Despite steady func-
tional recovery, heterotopic sites may not provide an optimal 
environment for pregnancy [103]. After ovarian tissue trans-
plantation, endocrine function restoration has been observed 
consistently with increasing number of successful live births. 
Transplantation of ovarian tissue for fertility preservation is yet 
experimental, but as Donnez et al. [94] suggested, time may 
have come for the technique to move on from experimental 
studies to clinical application.  

Conclusion

Progress in the diagnosis and treatment of cancer has in-
creased the number and prognosis of cancer survivors. Early 
referral to reproductive specialists is crucial for patients with 

cancer of pre-pubertal and childbearing age [27]. Embryo or 
oocyte cryopreservation is the standard method for fertility 
preservation, while ovarian tissue cryopreservation and trans-
plantation is yet investigational. The latter is the only fertility 
preservation option for prepubertal girls diagnosed with can-
cer. The recovery of endocrine function after re-implantation 
is well established and the live birth rate has been substantial-
ly increasing. Based on our review, ovarian tissue cryopreser-
vation and transplantation may be carefully considered before 
cancer treatment in order to preserve endocrine function and 
fertility in young patients with cancer.

Acknowledgements

This work was supported by the national research founda-
tion of Korea grant funded by the Korean government (NRF-
2016R1C1B3015250) and Korea university grant (K1609791).

Conflict of interest

No potential conflict of interest relevant to this article was re-
ported.

References

  1.	American Cancer Society. Cancer facts & figures 2016 
[Internet]. Atlanta (GA): American Cancer Society; c2016 
[cited 2018 Feb 7]. Available from: https://www.can-
cer.org/research/cancer-facts-statistics/all-cancer-facts-
figures/cancer-facts-figures-2016.html.

  2.	National Cancer Information Center. Cancer incidence [In-
ternet]. Goyang (KR): National Cancer Information Cen-
ter; c2016 [cited 2017 Dec 26]. Available from: https://
www.cancer.go.kr/lay1/S1T648C649/contents.do.

  3.	Tiong V, Rozita AM, Taib NA, Yip CH, Ng CH. Incidence 
of chemotherapy-induced ovarian failure in premeno-
pausal women undergoing chemotherapy for breast 
cancer. World J Surg 2014;38:2288-96.

  4.	Howell S, Shalet S. Gonadal damage from chemother-
apy and radiotherapy. Endocrinol Metab Clin North Am 
1998;27:927-43.

  5.	Critchley HO, Wallace WH. Impact of cancer treat-



www.ogscience.org438

Vol. 61, No. 4, 2018

ment on uterine function. J Natl Cancer Inst Monogr 
2005;2005:64-8.

  6.	Rodriguez-Wallberg KA, Oktay K. Options on fertility 
preservation in female cancer patients. Cancer Treat Rev 
2012;38:354-61.

  7.	Monte LM, Ellis RR. Fertility of women in the United 
States: 2012. Washington, D.C.: United States Census 
Bureau; 2014. p. 20-575.

  8.	Rosen A, Rodriguez-Wallberg KA, Rosenzweig L. Psycho-
social distress in young cancer survivors. Semin Oncol 
Nurs 2009;25:268-77.

  9.	Zeltzer LK. Cancer in adolescents and young adults 
psychosocial aspects. Long-term survivors. Cancer 
1993;71:3463-8.

10. 	Han HS, Ro J, Lee KS, Nam BH, Seo JA, Lee DH, et al. 
Analysis of chemotherapy-induced amenorrhea rates 
by three different anthracycline and taxane containing 
regimens for early breast cancer. Breast Cancer Res Treat 
2009;115:335-42.

11. 	Lee S, Song JY, Ku SY, Kim SH, Kim T. Fertility preser-
vation in women with cancer. Clin Exp Reprod Med 
2012;39:46-51.

12. 	Meirow D. Reproduction post-chemotherapy in young 
cancer patients. Mol Cell Endocrinol 2000;169:123-31.

13. 	Wallace WH, Anderson RA, Irvine DS. Fertility preserva-
tion for young patients with cancer: who is at risk and 
what can be offered? Lancet Oncol 2005;6:209-18.

14. 	Meirow D, Nugent D. The effects of radiotherapy and 
chemotherapy on female reproduction. Hum Reprod 
Update 2001;7:535-43.

15.	Speiser B, Rubin P, Casarett G. Aspermia following 
lower truncal irradiation in Hodgkin's disease. Cancer 
1973;32:692-8.

16. 	Sklar C. Maintenance of ovarian function and risk of 
premature menopause related to cancer treatment. J 
Natl Cancer Inst Monogr 2005;2005:25-7.

17. 	Wallace WH, Thomson AB, Saran F, Kelsey TW. Pre-
dicting age of ovarian failure after radiation to a field 
that includes the ovaries. Int J Radiat Oncol Biol Phys 
2005;62:738-44.

18. 	Wo JY, Viswanathan AN. Impact of radiotherapy on fertil-
ity, pregnancy, and neonatal outcomes in female cancer 
patients. Int J Radiat Oncol Biol Phys 2009;73:1304-12.

19. 	Green DM, Sklar CA, Boice JD Jr, Mulvihill JJ, Whitton 
JA, Stovall M, et al. Ovarian failure and reproductive 

outcomes after childhood cancer treatment: results 
from the Childhood Cancer Survivor Study. J Clin Oncol 
2009;27:2374-81.

20. 	Chemaitilly W, Mertens AC, Mitby P, Whitton J, Stovall 
M, Yasui Y, et al. Acute ovarian failure in the child-
hood cancer survivor study. J Clin Endocrinol Metab 
2006;91:1723-8.

21. 	Wallace WH, Thomson AB, Kelsey TW. The radiosensitiv-
ity of the human oocyte. Hum Reprod 2003;18:117-21.

22. 	Lee SJ, Schover LR, Partridge AH, Patrizio P, Wallace WH, 
Hagerty K, et al. American Society of Clinical Oncology 
recommendations on fertility preservation in cancer pa-
tients. J Clin Oncol 2006;24:2917-31.

23.	Forman EJ, Anders CK, Behera MA. Pilot survey of 
oncologists regarding treatment-related infertility and 
fertility preservation in female cancer patients. J Reprod 
Med 2009;54:203-7.

24. 	Armuand GM, Rodriguez-Wallberg KA, Wettergren L, 
Ahlgren J, Enblad G, Höglund M, et al. Sex differences 
in fertility-related information received by young adult 
cancer survivors. J Clin Oncol 2012;30:2147-53.

25. 	Lee S, Heytens E, Moy F, Ozkavukcu S, Oktay K. Deter-
minants of access to fertility preservation in women with 
breast cancer. Fertil Steril 2011;95:1932-6.

26. 	Goodwin T, Elizabeth Oosterhuis B, Kiernan M, Hudson 
MM, Dahl GV. Attitudes and practices of pediatric on-
cology providers regarding fertility issues. Pediatr Blood 
Cancer 2007;48:80-5.

27. 	Lee S, Ozkavukcu S, Heytens E, Moy F, Oktay K. Value 
of early referral to fertility preservation in young women 
with breast cancer. J Clin Oncol 2010;28:4683-6.

28.	Lee S, Oktay K. Does higher starting dose of FSH 
stimulation with letrozole improve fertility preservation 
outcomes in women with breast cancer? Fertil Steril 
2012;98:961-964.e1.

29. 	Wang A, Santistevan A, Hunter Cohn K, Copperman 
A, Nulsen J, Miller BT, et al. Freeze-only versus fresh 
embryo transfer in a multicenter matched cohort study: 
contribution of progesterone and maternal age to suc-
cess rates. Fertil Steril 2017;108:254-261.e4.

30. 	Gosden R. Cryopreservation: a cold look at technology 
for fertility preservation. Fertil Steril 2011;96:264-8.

31. Palermo G, Joris H, Devroey P, Van Steirteghem AC. 
Pregnancies after intracytoplasmic injection of single 
spermatozoon into an oocyte. Lancet 1992;340:17-8.



www.ogscience.org 439

Sooyoung Kim, et al. Ovarian freezing and transplantation

32. 	Katayama KP, Stehlik J, Kuwayama M, Kato O, Stehlik 
E. High survival rate of vitrified human oocytes results in 
clinical pregnancy. Fertil Steril 2003;80:223-4.

33. 	Pavone ME, Confino R, Steinberg M. Female fertility 
preservation: a clinical perspective. Minerva Ginecol 
2016;68:458-65.

34. 	Marnitz S, Köhler C, Schneider A, Seiler F, Hinkelbein W. 
Interindividual variability of lymph drainages in patients 
with cervical cancer. Implication on irradiation planning. 
Strahlenther Onkol 2006;182:80-5.

35. 	Martin JR, Kodaman P, Oktay K, Taylor HS. Ovarian cryo-
preservation with transposition of a contralateral ovary: 
a combined approach for fertility preservation in women 
receiving pelvic radiation. Fertil Steril 2007;87:189.e5-7.

36. 	Moore HC, Unger JM, Phillips KA, Boyle F, Hitre E, Por-
ter D, et al. Goserelin for ovarian protection during 
breast-cancer adjuvant chemotherapy. N Engl J Med 
2015;372:923-32.

37.	Oktay K, Rodriguez-Wallberg K, Munster P. Ovarian 
protection during adjuvant chemotherapy. N Engl J Med 
2015;372:2268-9.

38. 	Kano M, Sosulski AE, Zhang L, Saatcioglu HD, Wang D, 
Nagykery N, et al. AMH/MIS as a contraceptive that pro-
tects the ovarian reserve during chemotherapy. Proc Natl 
Acad Sci U S A 2017;114:E1688-97.

39. 	Li F, Turan V, Lierman S, Cuvelier C, De Sutter P, Oktay 
K. Sphingosine-1-phosphate prevents chemotherapy-
induced human primordial follicle death. Hum Reprod 
2014;29:107-13.

40. 	Plante M, Gregoire J, Renaud MC, Roy M. The vaginal 
radical trachelectomy: an update of a series of 125 cases 
and 106 pregnancies. Gynecol Oncol 2011;121:290-7.

41. 	National Comprehensive Cancer Network, Inc. NCCN 
clinical practice guidelines in oncology (NCCN Guide-
lines®). Version 3. Ovarian cancer: including fallopian 
tube cancer and primary peritoneal cancer [Internet]. 
National Comprehensive Cancer Network, Inc.: Fort 
Washington (PA); c2017 [cited 2017 Aug 30]. Available 
from: https://www.nccn.org/professionals/physician_gls/
pdf/ovarian.pdf.

42. 	National Comprehensive Cancer Network, Inc. NCCN 
clinical practice guidelines in oncology (NCCN Guide-
lines®). Version 1. Adolescent and young adult (AYA) 
oncology [Internet]. National Comprehensive Cancer 
Network, Inc.: Fort Washington (PA); c2018 [cited 2017 

Aug 7]. Available from: https://www.nccn.org/profes-
sionals/physician_gls/pdf/aya.pdf.

43. 	National Comprehensive Cancer Network, Inc. NCCN 
clinical practice guidelines in oncology (NCCN Guide-
lines®). Version 3. Uterine neoplasms [Internet]. National 
Comprehensive Cancer Network, Inc.: Fort Washington 
(PA); c2017 [cited 2017 Jul 18]. Available from: https://
www.nccn.org/professionals/physician_gls/pdf/uterine.pdf.

44. 	Lee S, Kim SK, Hwang KJ, Kim T, Kim SH. Fertility pres-
ervation for patients with gynecologic malignancies: the 
Korean Society for Fertility Preservation clinical guide-
lines. Clin Exp Reprod Med 2017;44:175-80.

45. 	Seli E, Tangir J. Fertility preservation options for female 
patients with malignancies. Curr Opin Obstet Gynecol 
2005;17:299-308.

46. 	Mazur P. Equilibrium, quasi-equilibrium, and nonequi-
librium freezing of mammalian embryos. Cell Biophys 
1990;17:53-92.

47. 	Klocke S, Bündgen N, Köster F, Eichenlaub-Ritter U, 
Griesinger G. Slow-freezing versus vitrification for hu-
man ovarian tissue cryopreservation. Arch Gynecol Ob-
stet 2015;291:419-26.

48. 	Gandolfi F, Paffoni A, Papasso Brambilla E, Bonetti S, 
Brevini TA, Ragni G. Efficiency of equilibrium cooling 
and vitrification procedures for the cryopreservation of 
ovarian tissue: comparative analysis between human 
and animal models. Fertil Steril 2006;85 Suppl 1:1150-6.

49. 	Vajta G, Nagy ZP. Are programmable freezers still need-
ed in the embryo laboratory? Review on vitrification. 
Reprod Biomed Online 2006;12:779-96.

50. 	Demeestere I, Simon P, Emiliani S, Delbaere A, Englert Y. 
Orthotopic and heterotopic ovarian tissue transplanta-
tion. Hum Reprod Update 2009;15:649-65.

51. 	Bedaiwy MA, Falcone T. Ovarian tissue banking for can-
cer patients: reduction of post-transplantation ischaemic 
injury: intact ovary freezing and transplantation. Hum 
Reprod 2004;19:1242-4.

52. 	Martinez-Madrid B, Dolmans MM, Van Langendonckt A, 
Defrère S, Donnez J. Freeze-thawing intact human ovary 
with its vascular pedicle with a passive cooling device. 
Fertil Steril 2004;82:1390-4.

53. 	Revel A, Elami A, Bor A, Yavin S, Natan Y, Arav A. Whole 
sheep ovary cryopreservation and transplantation. Fertil 
Steril 2004;82:1714-5.

54. 	Migishima F, Suzuki-Migishima R, Song SY, Kuramochi 



www.ogscience.org440

Vol. 61, No. 4, 2018

T, Azuma S, Nishijima M, et al. Successful cryopreser-
vation of mouse ovaries by vitrification. Biol Reprod 
2003;68:881-7.

55. 	Yin H, Wang X, Kim SS, Chen H, Tan SL, Gosden RG. 
Transplantation of intact rat gonads using vascular 
anastomosis: effects of cryopreservation, ischaemia and 
genotype. Hum Reprod 2003;18:1165-72.

56.	Kim SY, Lee JR. Fert i l i ty preservation option in 
young women with ovarian cancer. Future Oncol 
2016;12:1695-8.

57. 	Kim SY, Kim SK, Lee JR, Woodruff TK. Toward preci-
sion medicine for preserving fertility in cancer patients: 
existing and emerging fertility preservation options for 
women. J Gynecol Oncol 2016;27:e22.

58. 	Xu M, Kreeger PK, Shea LD, Woodruff TK. Tissue-engi-
neered follicles produce live, fertile offspring. Tissue Eng 
2006;12:2739-46.

59. 	Xu M, Barrett SL, West-Farrell E, Kondapalli LA, Kie-
sewetter SE, Shea LD, et al. In vitro grown human ovar-
ian follicles from cancer patients support oocyte growth. 
Hum Reprod 2009;24:2531-40.

60. 	Oktay K, Karlikaya G. Ovarian function after transplanta-
tion of frozen, banked autologous ovarian tissue. N Engl 
J Med 2000;342:1919.

61. 	Oktay K, Oktem O. Ovarian cryopreservation and trans-
plantation for fertility preservation for medical indica-
tions: report of an ongoing experience. Fertil Steril 
2010;93:762-8.

62. 	Donnez J, Dolmans MM, Demylle D, Jadoul P, Pirard 
C, Squifflet J, et al. Livebirth after orthotopic trans-
plantation of cryopreserved ovarian tissue. Lancet 
2004;364:1405-10.

63. 	Silber SJ, Lenahan KM, Levine DJ, Pineda JA, Gorman 
KS, Friez MJ, et al. Ovarian transplantation between 
monozygotic twins discordant for premature ovarian 
failure. N Engl J Med 2005;353:58-63.

64. 	Meirow D, Levron J, Eldar-Geva T, Hardan I, Fridman E, 
Zalel Y, et al. Pregnancy after transplantation of cryo-
preserved ovarian tissue in a patient with ovarian failure 
after chemotherapy. N Engl J Med 2005;353:318-21.

65. 	Demeestere I, Simon P, Emiliani S, Delbaere A, Englert Y. 
Fertility preservation: successful transplantation of cryopre-
served ovarian tissue in a young patient previously treated 
for Hodgkin's disease. Oncologist 2007;12:1437-42.

66. 	Andersen CY, Rosendahl M, Byskov AG, Loft A, Ottosen 

C, Dueholm M, et al. Two successful pregnancies follow-
ing autotransplantation of frozen/thawed ovarian tissue. 
Hum Reprod 2008;23:2266-72.

67. 	Oktay K, Taylan E, Sugishita Y, Goldberg GM. Robot-
assisted laparoscopic transplantation of frozen-thawed 
ovarian tissue. J Minim Invasive Gynecol 2017;24:897-8.

68. 	Oktay K, Newton H, Mullan J, Gosden RG. Development 
of human primordial follicles to antral stages in SCID/
hpg mice stimulated with follicle stimulating hormone. 
Hum Reprod 1998;13:1133-8.

69. 	Oktay K, Newton H, Gosden RG. Transplantation of cryo-
preserved human ovarian tissue results in follicle growth 
initiation in SCID mice. Fertil Steril 2000;73:599-603.

70. 	Gook DA, McCully BA, Edgar DH, McBain JC. De-
velopment of antral follicles in human cryopreserved 
ovarian tissue following xenografting. Hum Reprod 
2001;16:417-22.

71.	Luyckx V, Scalercio S, Jadoul P, Amorim CA, Soares 
M, Donnez J, et al. Evaluation of cryopreserved ovar-
ian tissue from prepubertal patients after long-term 
xenografting and exogenous stimulation. Fertil Steril 
2013;100:1350-1357.e3.

72. 	Lucifero D, Mertineit C, Clarke HJ, Bestor TH, Trasler 
JM. Methylation dynamics of imprinted genes in mouse 
germ cells. Genomics 2002;79:530-8.

73. 	Kim SS, Kang HG, Kim NH, Lee HC, Lee HH. Assessment 
of the integrity of human oocytes retrieved from cryo-
preserved ovarian tissue after xenotransplantation. Hum 
Reprod 2005;20:2502-8.

74.	Donnez J, Dolmans MM, Pellicer A, Diaz-Garcia C, 
Sanchez Serrano M, Schmidt KT, et al. Restoration of 
ovarian activity and pregnancy after transplantation of 
cryopreserved ovarian tissue: a review of 60 cases of re-
implantation. Fertil Steril 2013;99:1503-13.

75. 	Silber SJ, DeRosa M, Pineda J, Lenahan K, Grenia D, 
Gorman K, et al. A series of monozygotic twins discor-
dant for ovarian failure: ovary transplantation (cortical 
versus microvascular) and cryopreservation. Hum Reprod 
2008;23:1531-7.

76. 	Silber SJ, Gosden RG. Ovarian transplantation in a series 
of monozygotic twins discordant for ovarian failure. N 
Engl J Med 2007;356:1382-4.

77. 	Silber SJ, Grudzinskas G, Gosden RG. Successful preg-
nancy after microsurgical transplantation of an intact 
ovary. N Engl J Med 2008;359:2617-8.



www.ogscience.org 441

Sooyoung Kim, et al. Ovarian freezing and transplantation

78. 	Donnez J, Squifflet J, Pirard C, Jadoul P, Dolmans MM. 
Restoration of ovarian function after allografting of 
ovarian cortex between genetically non-identical sisters. 
Hum Reprod 2010;25:2489-95.

79. 	Kim SS. Assessment of long term endocrine function af-
ter transplantation of frozen-thawed human ovarian tis-
sue to the heterotopic site: 10 year longitudinal follow-
up study. J Assist Reprod Genet 2012;29:489-93.

80. 	Jensen AK, Kristensen SG, Macklon KT, Jeppesen JV, 
Fedder J, Ernst E, et al. Outcomes of transplantations of 
cryopreserved ovarian tissue to 41 women in Denmark. 
Hum Reprod 2015;30:2838-45.

81. 	Kim SS, Lee WS, Chung MK, Lee HC, Lee HH, Hill D. 
Long-term ovarian function and fertility after hetero-
topic autotransplantation of cryobanked human ovarian 
tissue: 8-year experience in cancer patients. Fertil Steril 
2009;91:2349-54.

82. 	Wallace WH, Kelsey TW, Anderson RA. Ovarian cryo-
preservation: experimental or established and a cure for 
the menopause? Reprod Biomed Online 2012;25:93-5.

83. 	Van Eyck AS, Jordan BF, Gallez B, Heilier JF, Van Langen-
donckt A, Donnez J. Electron paramagnetic resonance as 
a tool to evaluate human ovarian tissue reoxygenation 
after xenografting. Fertil Steril 2009;92:374-81.

84. 	Van Eyck AS, Bouzin C, Feron O, Romeu L, Van Lan-
gendonckt A, Donnez J, et al. Both host and graft 
vessels contribute to revascularization of xenografted 
human ovarian tissue in a murine model. Fertil Steril 
2010;93:1676-85.

85. 	Meirow D. Fertility preservation in cancer patients using 
stored ovarian tissue: clinical aspects. Curr Opin Endocri-
nol Diabetes Obes 2008;15:536-47.

86. 	Baird DT, Webb R, Campbell BK, Harkness LM, Gosden 
RG. Long-term ovarian function in sheep after ovariec-
tomy and transplantation of autografts stored at -196 C. 
Endocrinology 1999;140:462-71.

87. 	Faddy MJ, Gosden RG. Ovary and ovulation: a model 
conforming the decline in follicle numbers to the age of 
menopause in women. Hum Reprod 1996;11:1484-6.

88. 	Wallace WH, Kelsey TW. Human ovarian reserve from 
conception to the menopause. PLoS One 2010;5:e8772.

89. 	des Rieux A, Ucakar B, Mupendwa BP, Colau D, Feron 
O, Carmeliet P, et al. 3D systems delivering VEGF to 
promote angiogenesis for tissue engineering. J Control 
Release 2011;150:272-8.

90. 	Dath C, Dethy A, Van Langendonckt A, Van Eyck AS, 
Amorim CA, Luyckx V, et al. Endothelial cells are essen-
tial for ovarian stromal tissue restructuring after xeno-
transplantation of isolated ovarian stromal cells. Hum 
Reprod 2011;26:1431-9.

91. 	Friedman O, Orvieto R, Fisch B, Felz C, Freud E, Ben-
Haroush A, et al. Possible improvements in human ovar-
ian grafting by various host and graft treatments. Hum 
Reprod 2012;27:474-82.

92. 	Kristensen SG, Giorgione V, Humaidan P, Alsbjerg B, 
Bjørn AB, Ernst E, et al. Fertility preservation and refreez-
ing of transplanted ovarian tissue-a potential new way 
of managing patients with low risk of malignant cell 
recurrence. Fertil Steril 2017;107:1206-13.

93. 	Jensen AK, Macklon KT, Fedder J, Ernst E, Humaidan P, 
Andersen CY. 86 successful births and 9 ongoing preg-
nancies worldwide in women transplanted with frozen-
thawed ovarian tissue: focus on birth and perinatal 
outcome in 40 of these children. J Assist Reprod Genet 
2017;34:325-36.

94. 	Donnez J, Dolmans MM, Diaz C, Pellicer A. Ovarian 
cortex transplantation: time to move on from experi-
mental studies to open clinical application. Fertil Steril 
2015;104:1097-8.

95.	Anderson CY. Success and chal lenges in fert i l-
ity preservation after ovarian tissue grafting. Lancet 
2015;385:1947-8.

96. 	Stoop D, Cobo A, Silber S, Diaz-Garcia C, Ernst E, Mack-
lon KT, et al. Fertility preservation for age-related fertility 
decline. Lancet 2014;384:1311-9.

97. 	Anderson RA, Mitchell RT, Kelsey TW, Spears N, Telfer 
EE, Wallace WH. Cancer treatment and gonadal func-
tion: experimental and established strategies for fertility 
preservation in children and young adults. Lancet Diabe-
tes Endocrinol 2015;3:556-67.

98.	Wallace WH, Smith AG, Kelsey TW, Edgar AE, An-
derson RA. Fertility preservation for girls and young 
women with cancer: population-based validation of 
criteria for ovarian tissue cryopreservation. Lancet Oncol 
2014;15:1129-36.

  99. 	Donfack NJ, Alves KA, Araújo VR, Cordova A, Figueire-
do JR, Smitz J, et al. Expectations and limitations of 
ovarian tissue transplantation. Zygote 2017;25:391-
403.

100.	Oktay K, Economos K, Kan M, Rucinski J, Veeck L, Ros-



www.ogscience.org442

Vol. 61, No. 4, 2018

enwaks Z. Endocrine function and oocyte retrieval after 
autologous transplantation of ovarian cortical strips to 
the forearm. JAMA 2001;286:1490-3.

101. 	Rodriguez-Wallberg KA, Oktay K. Recent advances 
in oocyte and ovarian tissue cryopreservation and 
transplantation. Best Pract Res Clin Obstet Gynaecol 
2012;26:391-405.

102. 	Stern CJ, Gook D, Hale LG, Agresta F, Oldham J, Rozen 
G, et al. Delivery of twins following heterotopic graft-
ing of frozen-thawed ovarian tissue. Hum Reprod 
2014;29:1828-9.

103. 	Donnez J, Jadoul P, Squifflet J, Van Langendonckt A, 

Donnez O, Van Eyck AS, et al. Ovarian tissue cryo-
preservation and transplantation in cancer patients. 
Best Pract Res Clin Obstet Gynaecol 2010;24:87-100.

104. 	Lee S, Song JY, Kim T, Kim SH. Ovarian tissue cryo-
preservation and transplantation in a young patient 
with cervical cancer: the first successful case in Korea. 
Eur J Gynaecol Oncol [Epub].

105. 	Farber LA, Ames JW, Rush S, Gal D. Laparoscopic ovar-
ian transposition to preserve ovarian function before 
pelvic radiation and chemotherapy in a young patient 
with rectal cancer. MedGenMed 2005;7:66.


