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1  | INTRODUC TION

Innovation in therapeutic strategies for treating cancer, such as he-
matopoietic cell transplantation, high- dose chemotherapy, radiation, 
and surgery, have led to better survival outcomes in pediatric and 
young adult (AYA) (aged 15- 39 years) patients. However, the gonadal 
toxicity and/or gonadal resection that often are associated with 
these therapeutic strategies can result in iatrogenic infertility. In 
Japan, there are an estimated 1875 child patients (aged 0- 14 years) 
with cancer and 21 572 adolescent and AYA patients with cancer 

annually.1 Based on the 10 year relative survival rates,2 >5500 men 
and >11 000 women annually could experience the aforementioned 
reduction in, or loss of, fertility that is associated with being young 
“cancer survivors.”

Fertility preservation has been a focus in the field of cancer sup-
portive care in the last decade. The objective of fertility preserva-
tion is not merely the cryopreservation of oocytes, ovarian tissue, 
and sperm, but also the maintenance of favorable cancer treatment 
outcomes, along with fertility for safe gestation and delivery for 
both the mothers and their infant. On the other hand, “oncofertility” 
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Abstract
Background: Oncofertility is a crucial facet of cancer supportive care. The publica-
tion of guidelines for the cryopreservation of oocytes and ovarian tissue is becoming 
increasingly prevalent in Japan and an updated overview is necessary.
Methods: In order to provide an updated overview of oncofertility care, original re-
search and review articles were searched from the PubMed database and compared 
in order to present clinical care in Japan.
Results: In Western countries, various methods for ovarian stimulation, such as the 
combined use of aromatase inhibitors and random- start protocols, have been re-
ported. Although ovarian tissue cryopreservation, mainly performed via the slow- 
freezing method, also has yielded >100 live births, the optimal indications and 
procedures for the auto- transplantation of cryopreserved tissue have been under 
investigation. In Japan, however, vitrification is prevalent for ovarian tissue cryo-
preservation, although its efficacy has not yet been established. The quality of net-
work systems for providing oncofertility care in Japan varies greatly, based on the 
region.
Conclusion: There remain many issues in the optimization of oncofertility care in 
Japan. Along with the regional oncofertility networks, the creation of “oncofertility 
navigators” from healthcare providers who are familiar with oncofertility, such as 
nurses, psychologists, and embryologists, could be useful for supplementing on-
cofertility care coordination, overcoming the issues in individual regions.
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refers not only to the preservation of fertility itself, but also to the 
general medical care that supports patients with cancer in making 
their own decisions regarding future pregnancies and births, as they 
undergo cancer treatment. “The aim of oncofertility is not exclu-
sively fertility preservation for cancer patients, but the reexamina-
tion of the meaning of having children, including the option of a life 
without children” (Yoshimura Y, 2017, personal communication).

As a facet of fertility preservation, unfertilized oocytes can be 
cryopreserved for women as early as puberty. However, the cryo-
preservation of oocytes almost always requires ovarian stimulation 
by follicle- stimulating hormone (FSH) preparations, which can delay 
cancer treatment. Additionally, this method yields no more than 20 
oocytes, which might not be sufficient to achieve pregnancy.

In contrast, with the cryopreservation of ovarian tissue, samples 
can be harvested immediately by using minimally invasive laparo-
scopic surgery, even in prepubertal girls. In addition, because the 
ovarian tissue cortex contains thousands of primordial follicles, it 
is possible to obtain a far greater number of oocytes and a much 
higher pregnancy rate, even when accounting for the damage that 
is caused by cryopreservation, thawing, and transplantation. In one 
recent study, immature oocytes were harvested from excised ovar-
ian tissue and cryopreserved following in vitro maturation (IVM).3 In 
another study, oogonial stem cells were isolated from cryopreserved 
ovarian tissue.4,5 A successful live birth also has been achieved by 
the intracytoplasmic sperm injection of immature oocytes that had 
been harvested from ovarian tissue that had been resected from 
a patient with advanced ovarian cancer and then transferring the 
resulting embryos into her uterus, which was preserved following 
chemotherapy.6

As described above, there are several methods of fertility pres-
ervation for young female patients with cancer, each of which has 

its own advantages and disadvantages (Table 1); the best outcomes 
might arise from a combination of multiple methods, determined on 
a case- by- case basis. It also has been reported that an equivalent 
quantity and quality of oocytes have been obtained and cryopre-
served through ovarian stimulation, even after harvesting and cryo-
preserving half of the unilateral ovarian tissue.7

One conventional fertility preservation method is “ovarian pro-
tection” therapy using gonadotropin- releasing hormone (GnRH) ag-
onists to preserve the ovarian function against chemotherapy, which 
is a simpler method than the cryopreservation of oocytes or ovar-
ian tissue. Using this method, a 2015 study reported a significant 
improvement in the ovarian function and fertility of patients with 
breast cancer8; however, these findings have been inconsistent. A 
more recent, prospective, randomized trial reported a lack of pro-
tective effect from GnRH agonists for the ovarian reserve or fertility 
of patients with lymphoma.9 Further studies are necessary, including 
a strict assessment of the ovarian reserve by measuring serum anti- 
Müllerian hormone (AMH) and longer term follow- ups of patients.10

2  | CURRENT STATUS OF FERTILIT Y 
PRESERVATION IN JAPAN AND OTHER 
COUNTRIES

Fertility preservation guidelines first were published by the American 
Society of Clinical Oncology in 2006. The guidelines state that all 
healthcare providers should heed the possibility of cancer treatment- 
induced infertility and refer patients who request fertility preserva-
tion to reproductive specialists as soon as possible, prior to initiating 
treatment.11 Outside of Japan, oocytes are cryopreserved for the sake 
of oocyte banking. This procedure has yielded an estimated several 

TABLE  1 Fertility preservation for female patients with cancer

Variable Embryo Oocyte Ovarian tissuea

Main indications Leukemia, breast cancer, lymphoma, 
gastrointestinal cancer, gynecologic 
cancer, malignant melanoma, germ 
cell tumor, brain tumor, sarcoma etc.

Leukemia, breast cancer, lymphoma, 
gastrointestinal cancer, gynecologic 
cancer, malignant melanoma, germ cell 
tumor, brain tumor, sarcoma etc.

Breast cancer, lymphoma etc. (when 
considering auto- transplantation)

Target age 16- 45 years 14- 40 years 0- 40 years (can be performed for 
children)

Marital status Married Single/married Single/married

Treatment 
duration

2- 8 wks 2- 8 wks 1- 2 wks

Cryopreservation 
method

Vitrification Vitrification Slow freezing or vitrification

Post- thawing 
survival rate

≥95- 99% ≥90% ≥90%

Cost in Japan 
(USD)

3000- 4500 2000- 3500 5500- 7000 (+5500- 7000 for 
transplantation)

Number of births ≥40 000/y in Japan alone ≥6000 worldwide ≥100 worldwide (research stage)

Pregnancy rate Pregnancy rate of 30%- 40% per 
embryo

Pregnancy rate of 4.5%- 12% per oocyte Pregnancy rate of 20%- 30% per 
transplantationa

aPotential disease recurrence due to transplantation.
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thousand successful live births.12 The FertiPROTEKT oncofertil-
ity network, which comprises more than 100 centers in Germany, 
Switzerland, and Austria, has published guidelines regarding indica-
tions for the cryopreservation of oocytes and ovarian tissue.13 As 
of 2015, ovarian tissue cryopreservation has been conducted for 
~2400 patients, which is several times more than those who under-
went oocyte and embryo cryopreservation.14 The American Society 
of Reproductive Medicine (ASRM) has stated in its guidelines that 
oocyte cryopreservation should no longer be confined to clinical re-
search, but instead should be considered as an effective method of 
oncofertility, based on appropriate patient counseling.15 However, 
the ASRM also expressed the opinion that the cryopreservation and 
transplantation of ovarian tissue should be pursued carefully as clini-
cal research.16 The British National Institute for Health and Clinical 
Excellence also has published a guideline that holds oocyte cryo-
preservation to be a useful reproductive technology.17

Japan, in contrast, has pioneered and spread vitrification, a 
method whereby coincidental oocyte cryopreservation has been 
performed, which has resulted in live births for some patients 
with infertility who could not obtain their partners’ sperm at the 
time of oocyte retrieval. The 21 centers that belong to the Japan 
Association of Private Assisted Reproductive Technology Clinics 
and Laboratories have been engaged in oocyte cryopreservation for 
unmarried women with diseases, such as leukemia, since 2007. Two 
successful pregnancies were reported in March 2012 as a result of 
151 oocyte pick- up cycles in 82 patients.18 The first fertility pres-
ervation guideline in Japan was published in 2014 for patients with 
breast cancer in response to the above- mentioned domestic and 
international trends. This guideline strongly recommends communi-
cation between oncologists and reproductive specialists regarding 
fertility preservation.19 Both the Japan Society for Reproductive 
Medicine20 and the Japan Society of Obstetrics and Gynecology 
(JSOG)21 have published statements regarding oocyte and ovarian 
tissue cryopreservation, initiating the standardization and spread 
of the technology. In 2016, a revised JSOG statement referred to 
the cryopreservation of embryos based on medical indications, in 
addition to the cryopreservation of oocytes and ovarian tissue.22 
The JSOG mentioned fertility preservation in its clinical practice 
guidelines for the first time in 2017. In addition, the Japan Society 
of Clinical Oncology issued fertility preservation guidelines for chil-
dren, adolescent, and AYA patients with female reproductive, mam-
mary, urinary, pediatric, hematologic, bone or soft tissue, cerebral, 
and gastrointestinal malignancies.

3  | RECENT ISSUES IN A SSISTED 
REPRODUC TIVE TECHNOLOGY FOR 
FERTILIT Y PRESERVATION

3.1 | Suitable timing of oocyte retrieval for patients 
with cancer

Oocyte retrieval preferably is performed prior to the initiation of 
chemotherapy; however, because retrieval cannot be performed 

until at least 10- 14 days after ovarian stimulation has begun, some 
patients with cancer cannot wait for oocyte retrieval to begin 
treatment. In the case of adjuvant chemotherapy for breast can-
cer, for which there is more abundant evidence than for any other 
type of cancer, most studies consider 12 weeks to be the maximum 
tolerable delay before starting treatment following fertility pres-
ervation.23 For neoadjuvant chemotherapy, although delays in the 
initiation of treatment are not generally tolerated, there has not 
been an observed decrease in the 5 year survival rate, as long as 
the treatment is initiated within 6 weeks after diagnosis.24 Acute 
leukemia, in contrast, must be treated immediately, making it im-
possible to take the time necessary for oocyte retrieval. Therefore, 
the suitability of oocyte retrieval only can be examined after sev-
eral courses of chemotherapy have been performed. Clear evidence 
is lacking for other types of cancer; therefore, the opportunity for 
oocyte retrieval is currently determined based on discussions be-
tween the oncologists treating the primary malignancy and repro-
ductive specialists.

With regard to the timing of oocyte retrieval following chemo-
therapy, a study of in vitro fertilization using mice that had been in-
jected with cyclophosphamide 6 weeks earlier found that both the 
fertilization and embryonic developmental rates were significantly 
reduced, compared to the controls. Furthermore, the percent-
age of aneuploid embryos was significantly increased, compared 
to the control group.25 Although the children who are born to the 
cancer survivors generally are not considered to have an increased 
incidence of congenital anomalies, some studies have reported in-
creased incidences of spontaneous abortions, preterm births, and 
low- birthweight infants. Although there is little evidence to suggest 
that oocyte retrieval, immediately following chemotherapy comple-
tion, affects the outcomes of the resulting infants, sufficient patient 
education, strict patient management, and careful follow- up are 
necessary.

3.2 | Random- start protocol

In typical controlled ovarian stimulation, the stimulation is begun 
shortly after menstruation; therefore, based on the woman’s men-
strual cycle, it might be necessary to wait 2- 6 weeks before admin-
istering fertility drugs. However, an increasing number of young 
patients with cancer, for whom a certain level of ovarian reserve is 
expected and fresh embryo transfer in the oocyte retrieval cycle is 
not necessary, are undergoing “random- start protocols.” In these 
protocols, ovarian stimulation is begun, regardless of the patient’s 
menstrual cycle. Although there was an initial worry that the pro-
gesterone that is secreted in the luteal phase would negatively affect 
the quality of the oocytes, many recent studies have found this not 
to be the case.26

In random- start protocols, ovarian stimulation is begun in either 
the late follicular or the luteal phase. The drugs that are used to in-
hibit the spontaneous luteinizing hormone surge include not only 
the conventional GnRH antagonists, but also medroxyprogesterone 
acetate.27 In a recent meta- analysis of a total of 338 women who 
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underwent ovarian stimulation (251 of whom did so for fertility pres-
ervation) that began in the luteal phase,28 the duration and dosage 
of the FSH preparations were significantly higher than in a control 
group of women, in whom ovarian stimulation was initiated in the 
early follicular phase. However, there were no significant differences 
in the number of retrieved oocytes, cryopreserved embryos, or peak 
estradiol levels. Similar results were found in a subanalysis that was 
limited to women undergoing ovarian stimulation for fertility pres-
ervation. In another analysis of 684 women that was reported by 
FertiPROTEKT,29 the duration of ovarian stimulation and the total 
dose of the FSH preparations were significantly greater in the group 
of women who began ovarian stimulation in the luteal phase (after 
day 14) than in either of the two other groups (initiation in the early 
and late follicular phases), while the number of retrieved oocytes 
was significantly higher in the two random- start groups (initiation 
in the late follicular and luteal phases). These findings suggest that 
in random- start protocols, ovarian stimulation lasts 1- 2 days longer, 
resulting in an increase in the dosage of the fertility drugs; how-
ever, the number of retrieved oocytes is similar to the number that 
is retrieved with the conventional protocol. For the ovarian stimu-
lation of infertile women that was initiated in the luteal phase, the 
pregnancy rate that was achieved with cryopreserved embryos was 
reported to be similar to the rates for conventional ovarian stimula-
tion28; however, there are currently few studies featuring a compar-
ison of pregnancy rates between the random- start and conventional 
stimulation protocols and no study of the pregnancy rates in women 
who are undergoing ovarian stimulation for fertility preservation.

There was no significant difference in the duration from diag-
nosis to the initiation of chemotherapy between 58 patients with 
breast cancer who underwent ovarian stimulation and oocyte re-
trieval in a random- start protocol prior to the initiation of neoad-
juvant chemotherapy and 29 patients with breast cancer who did 
not undergo oocyte retrieval. Both groups of women began che-
motherapy within 6 weeks of their breast cancer diagnosis.30 The 
women who underwent oocyte retrieval were referred to a repro-
ductive specialist significantly earlier (~9 days) after their breast 
cancer diagnosis than the women who did not undergo oocyte re-
trieval, a finding which reconfirms the importance of early referral 
to reproductive specialists. Also, while the FertiPROTEKT guide-
line13 does not recommend preoperative ovarian stimulation for 
patients with estrogen receptor-positive (ER-positive) breast can-
cer, 37 ER- positive patients in this study underwent ovarian stim-
ulation, which yielded an important finding: the use of letrozole 
suppressed the peak estradiol levels at a mean of 889 ± 655 pg/
mL. Long- term prognosis data are not yet available for this patient 
cohort.

3.3 | Optimal ovarian stimulation

The achievement of favorable outcomes in assisted reproduc-
tion typically requires multiple, good- quality embryos. Multiple 
oocytes are needed to obtain good- quality embryos because of 
their poor progression from fertilization to embryo development 

in vitro. In a randomized, controlled (RCT) study that compared 
the outcomes between cryopreserved oocytes and fresh oocytes, 
the fertilization and pregnancy rates were similar, with the clinical 
pregnancy rate per thawed oocyte ranging from 4.5% to 12%.15 
However, the majority of the oocytes examined in this RCT trial 
were derived from young oocyte donors and infertile women with 
a favorable ovarian reserve; therefore, further studies are neces-
sary to determine whether the above result can be generalized to 
all age groups, all infertility treatment centers, and oncofertility. In 
a multicenter study of 1468 women who underwent oocyte vitri-
fication because of age or for medical reasons other than cancer, 
the women who underwent oocyte cryopreservation at ≤35 years 
of age demonstrated an increase in the cumulative live birth rates 
following oocyte thawing as more oocytes were used, reaching a 
peak rate of 85.2% with 15 oocytes.12 This result confirmed that 
fertility preservation requires ~10- 15 oocytes. In contrast, among 
the women who underwent oocyte cryopreservation at ≥36 years 
of age, the cumulative birth rate plateaued at 35.6% with 11 oo-
cytes. This result indicates that the age at oocyte retrieval affects 
the fertility preservation outcome.12

As stated earlier, oncofertility poses greater time constraints 
than infertility; therefore, ovarian stimulation is necessary to ob-
tain as many oocytes as possible in a short time. However, the 
bleeding, infection, and other complications that result from ovar-
ian hyperstimulation syndrome (OHSS) and the oocyte retrieval 
that is associated with ovarian stimulation can delay the treatment 
of the primary disease. Controlled ovarian stimulation using GnRH 
antagonists is less likely to result in OHSS than in those using 
GnRH agonists; therefore, controlled ovarian stimulation using 
GnRH antagonists is recommended for fertility preservation. The 
FertiPROTEKT guideline13 also recommends ovarian stimulation 
with GnRH antagonists, rather than GnRH agonists, because of 
the lower risk of OHSS. In Japan, however, there is an increasing 
use of mild ovarian stimulation with clomiphene,31 including in on-
cofertility. A study that was conducted with infertile patients32 
found that controlled ovarian stimulation using GnRH agonists 
yielded more cycles in which embryos could be obtained for cryo-
preservation, compared to mild ovarian stimulation, even though 
the two groups demonstrated equal pregnancy rates. Although 
the minimal use of ovarian stimulation is particularly important 
for patient safety in oncofertility, further studies are necessary 
in order to determine whether ovarian stimulation methods affect 
clinical outcomes, such as pregnancy rates.

3.4 | Aromatase inhibitors for estrogen- dependent 
malignancies

In assisted reproductive technology (ART), controlled ovarian stimu-
lation can elevate estradiol in the blood to non- physiological levels, 
thereby possibly accelerating tumor development in ER- positive 
breast cancer and other estrogen- dependent malignancies. It has 
been reported that this negative effect can be inhibited by controlled 
ovarian stimulation that combines gonadotropins with letrozole, an 
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aromatase inhibitor (AI). Originally developed as a therapeutic agent 
for ER- positive breast cancer in postmenopausal women, AIs inhibit 
the activity of aromatase, which synthesizes estrogen, increases the 
level of FSH in the blood, promotes follicular development, and re-
duces the level of estradiol in the blood. A 2001 study reported on 
the clinical application of AIs for clomiphene- resistant anovulation.33 
A RCT also reported that in women with polycystic ovary syndrome, 
ovarian stimulation with AIs yielded a higher live birth rate than did 
stimulation with clomiphene.34 The data that were reported at the 
ASRM’s annual meeting in 2005 suggested that letrozole is terato-
genic; however, in a RCT that used letrozole for 900 women with 
unexplained fertility, there was no increase in the rate of major 
anomalies.35 A study of infertile Japanese women that compared the 
data between 3136 natural cycles and 792 letrozole- induced cycles, 
both of which were associated with fresh, single- embryo transfer 
and resulted in a clinical pregnancy, revealed that the risk of miscar-
riage was, in fact, significantly lower in the letrozole group, while the 
two groups were equal in terms of major congenital anomalies and 
the risk for any specific organ system.36

Few studies have compared the treatment outcomes between 
controlled ovarian stimulation combined with letrozole and conven-
tional controlled ovarian stimulation. In one such study that com-
pared 142 cycles, in which letrozole was combined with a GnRH 
antagonist protocol, to 97 cycles conducted with a typical GnRH 
antagonist protocol, the number of oocytes that was retrieved was 
significantly lower in the former group despite equal doses of FSH 
preparations.37 However, in another study in which the embryos 
were cryopreserved from controlled ovarian stimulation combined 
with letrozole for 131 patients with breast cancer, when 81 thawed 
embryos were transferred in 40 cycles for 33 patients, 25 babies 
(31.3% per embryo) were born from 18 cycles (45.0% per embryo 
transfer).38 The live birth rate per embryo transfer was similar 
among the infertile women in the USA who were of a similar age 
(38.2%, 35- 37 years) at the time of the oocyte retrieval. In addition, 
there was no anomaly among the 25 babies, nor any developmen-
tal abnormality detected during a mean follow- up period of 40.4 
months. In a study of breast cancer treatment outcomes at a single 
center, in which 120 patients with breast cancer who underwent 
fertility preservation (oocyte or embryo cryopreservation) by ovar-
ian stimulation that was supplemented with letrozole were com-
pared with 227 patients with breast cancer who did not undergo 
fertility preservation, the two groups did not demonstrate signifi-
cant differences in the breast cancer recurrence rate or patient sur-
vival outcomes.39

Little is known about the relationship between progesterone 
and breast cancer development. Progesterone, after being con-
verted into androgens by 17 alpha hydroxylase and C17,20- lyase, 
then is converted by aromatase into estrogens.40 Therefore, AIs, 
such as letrozole, might trigger progesterone accumulation. In 
ovarian stimulation with letrozole, letrozole administration often is 
continued following oocyte retrieval in order to avoid an elevation 
in the estradiol levels. Additionally, the administration of GnRH 
antagonists following oocyte retrieval has been recommended 

to avoid elevations in the estradiol and progesterone levels.41 
Further study is considered to be necessary in order to elucidate 
the optimal stimulation protocol that minimizes the risk of breast 
cancer development.

3.5 | Other assisted reproductive technologies, 
including in vitro maturation

As stated earlier, ovarian stimulation is preferable in cases of fer-
tility preservation. However, when there is very little available 
time, natural- cycle oocyte retrieval can be performed rather than 
ovarian stimulation in order to preserve at least some level of fu-
ture fertility. Through the IVM of immature oocytes, aspirated 
from small follicles, it is possible to obtain multiple mature oo-
cytes without conducting ovarian stimulation, thus making IVM a 
potentially effective strategy. In a recent study with 248 patients 
with breast cancer who were scheduled to undergo chemother-
apy, who had a relatively favorable ovarian reserve (a total of ≥11 
antral follicles in both ovaries), an oocyte retrieval was performed 
36 hours after the administration of human chorionic gonado-
tropin preparation in the natural cycles (in the follicular phase 
for 127 patients and in the luteal phase for 121 patients). After 
48 hours of IVM, despite the difference in the menstrual cycle 
phases, the two groups had equal numbers of oocytes retrieved, 
oocyte maturation rates, and numbers of cryopreserved mature 
oocytes.42

There are few studies on the oocyte retrieval strategies that 
are suitable for fertility preservation in patients with a poor ovarian 
reserve. One such study proposed a two- stage ovarian stimulation 
method that consisted of oocyte retrieval via mild ovarian stimula-
tion using clomiphene or letrozole, followed by the initiation of con-
trolled ovarian stimulation in the subsequent luteal phase.43 Another 
study reported that two consecutive cycles of ovarian stimulation 
yielded significantly higher numbers of oocytes and embryos than 
a single- cycle ovarian stimulation with a similar recurrence rate.44 
However, there are currently few studies on the cancer treatment 
outcomes and pregnancy rates among those patients who have un-
dergone ART for oncofertility. Therefore, it is essential to carefully 
discuss the indications and guidelines with patients, to accumulate 
and follow up with patients, and to conduct further analyses, not 
only of the cancer treatment outcomes, but also of the pregnancy 
outcomes.

3.6 | Prenatal and neonatal risks from oocyte and 
embryo cryopreservation

In a study of >900 neonates who were born from oocytes that had 
been cryopreserved by slow freezing, the rate of congenital anoma-
lies was similar to that of the general population.45 In a comparison 
of 1027 neonates from 804 pregnancies using vitrified oocytes to 
1224 neonates from 996 pregnancies using fresh oocytes, there 
were no significant differences in obstetric complications (preec-
lampsia, preterm birth etc.), gestational age at delivery, birthweight, 
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Apgar scores, birth defects, admission to a neonatal intensive care 
unit, perinatal mortality, or puerperal complications.46

However, even when techniques, such as a single- embryo trans-
fer, are used to reduce the incidence of multiple births, the incidence 
of a low birthweight in singletons who are born through ART is re-
ported to be higher than among singletons who are born through 
spontaneous conception.47,48 Also, the birthweight is reported to 
be higher in cryopreserved embryo transfer pregnancies than in 
fresh embryo transfer pregnancies.47,49 In a large- scale Japanese 
analysis, the birthweights of neonates who were born from cryopre-
served embryos were significantly larger than the typical Japanese 
birthweights (as defined by statistics from the Japanese Ministry 
of Health, Labour and Welfare; MHLW).50 In another large- scale 
Japanese analysis, preterm births, low- birthweight infants, and 
small- for- gestational age infants were significantly less frequent 
with cryopreserved embryos than with fresh embryos.51 The birth-
weight was reported to be significantly higher in cryopreserved 
embryos who were transferred under estrogen/progesterone sup-
plementation than in cryopreserved embryos who were transferred 
from natural cycles,50 a finding that suggests the involvement of the 
intrauterine environment early in pregnancy. However, a Japanese 
study reported that cryopreserved embryo transfer is associated 
with a higher incidence of placenta accreta and preeclampsia,51 a 
finding that highlights the need for continuous examination of the 
effects of oocyte cryopreservation and embryo cryopreservation on 
both the mother and the infant.

Vitrification is performed primarily by directly immersing oo-
cytes and embryos in liquid nitrogen in an open device. However, 
this method involves a theoretical possibility of infection by patho-
gens via the liquid nitrogen. Although there has been no reported 
case of infection to date,52,53 there is another method of vitrification 
using a closed device, which prohibits the direct contact between 
the embryos and the liquid nitrogen. Although there is considered 
to be no difference in the pregnancy rates or other treatment out-
comes between the open and closed devices, only one single- center 
RCT has been performed to date.54 Currently, in Japan, many centers 
continue to use open devices.

4  | OVARIAN TISSUE 
CRYOPRESERVATION: PR AC TICE AND 
PROBLEMS

4.1 | Slow freezing and vitrification

In slow freezing, a controlled- rate freezer is used to freeze tissue 
gradually at a rate of 0.5°C per minute to ~ −35°C. Vitrification, 
which uses higher concentrations of cryoprotectants than slow 
freezing, is a cryopreservation method in which the tissue is fro-
zen rapidly by immersion in liquid nitrogen. It has been reported 
that the survival rate, fertilization rate, and the rate of pregnan-
cies per thawed oocyte all were significantly higher with vitrifi-
cation than with slow freezing.55 However, since the first- ever 
report of the cryopreservation of ovarian tissue in 2004,56 slow 

freezing has been the predominant method for ovarian tissue 
cryopreservation, which has been reported to have produced 
at least 130 successful pregnancies and live births.57 One prob-
lem that is posed by slow freezing is that because it requires a 
controlled- rate freezer, slow freezing can be performed only at a 
limited number of medical centers, to which excised ovarian tissue 
therefore must be transported. Another problem is that the cryo-
preservation program takes a relatively long time of two- to- three 
hours. Two types of vitrification, the Cryotissue method58 and the 
Cryosupport method,59 have been reported. Both methods enable 
cryopreservation at the patient’s bedside in the operating room 
within one hour of tissue harvesting; therefore, these methods 
have been growing in prevalence, primarily in Asia. A recent meta- 
analysis found no significant differences between vitrification and 
slow freezing in the percentage of intact primordial follicles or in 
the primordial follicle density, but did find vitrification to be as-
sociated with significantly less DNA damage and a significantly 
higher number of stromal cells.60 Although live births have been 
achieved by vitrification and the auto- transplantation of ovarian 
tissue that has been harvested from patients with primary ovar-
ian insufficiency,61 there has been no report of pregnancies being 
achieved by vitrification and the auto- transplantation of ovarian 
tissue in oncofertility. One study found that the residual concen-
tration of cryoprotectants after thawing was significantly higher 
with the Cryotissue method than with slow freezing.62 The clini-
cal efficiency of ovarian tissue cryopreservation by vitrification or 
slow freezing cannot be compared until the pregnancy outcomes 
for auto- transplantation by vitrification are known, which prob-
ably will take several years.

4.2 | Auto- transplantation

The uses for excised ovarian tissue are outlined in Figure 1. Currently, 
only auto- transplantation has been applied to the clinical setting. 
Following transplantation, the resumption of the follicular develop-
ment in ovarian tissue and the recovery of ovarian tissue function 
typically takes 4- 5 months. In orthotopic transplantations, ovarian 
tissue fragments are transplanted into the residual ovarian tissue or 
the broad ligament, whereas in heterotopic transplantation, ovarian 
tissue fragments are transplanted to the subcutaneous site of the 
abdominal wall or forearm. According to a recent review, >130 live 
births have been achieved,57,63 almost all by orthotopic transplanta-
tion. One advantage of heterotopic transplantation is that both the 
transplant surgery and excision, in the event of recurrent malignancy, 
of the transplant tissue are easier to perform. Another advantage is 
that heterotopic transplantations can be used in cases in which fac-
tors, such as radiation, make orthotopic transplantation difficult. The 
use of ART for ovarian tissue that is heterotopically transplanted to 
the anterior abdominal wall has resulted in a live birth.64

Multiple studies have reported that the successful live birth 
rate per transplantation is approximately 30%57,65,66; however, 
these reports have included patients who did not present with 
ovarian insufficiency prior to transplantation, as well as cases of 
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retransplantation. As recently reported by FertiPROTEKT, sin-
gle auto- transplantation for 40 women with ovarian insufficiency 
yielded a live birth rate of 22.5%.67

The sites and methods for orthotopic transplantation vary ac-
cording to the medical center. The reported sites include the de-
nuded medulla,68 subcortical tunnels,69 and subcortical pockets70 
of the residual ovary. For cases with no residual ovary, the cre-
ation of peritoneal windows in both the broad ligament anterior 
leaf71 and posterior leaf72 have been reported. However, no con-
clusion has been reached as to which site or method is superior. 
In light of this, the International Society for Fertility Preservation 
has created an online registry for ovarian tissue transplantation 
(http://www.isfpregistry.org) and has begun examining the clini-
cal outcomes.

Even though ovarian tissue cryopreservation might seem to 
be the only method of fertility preservation in prepubertal female 
patients with cancer, there are merely two reported cases of auto- 
transplantation resulting in pregnancy and a live birth.73,74 In order 
to assess the efficacy of ovarian tissue cryopreservation for prepu-
bertal girls, more cases need to be reported.

4.3 | Xeno- transplantation

There have been attempts at xeno- transplantation of cryopre-
served and thawed human ovarian tissue into the ovarian bursa, 
subcutaneous tissue, muscle, and renal subcapsule of immuno-
deficient mice. In one study, thawed cryopreserved human ovar-
ian tissue was xeno- transplanted into the back muscle of severe 
combined immunodeficient mice and the tissue was stimulated 
with FSH. The authors then punctured the developed follicles 
and retrieved metaphase II (MII) oocytes.75 Although xeno- 
transplantation does not involve the risk of malignancy recur-
rence that is associated with auto- transplantation, it does pose 

unique problems, including: the transfer of pathogenic substances 
from the host animal into the oocytes; the quality of the human 
oocytes as developed in an animal; and various safety and ethical 
issues. Therefore, for the time being, it might be useful to com-
pare various drugs for increasing the rate of engraftment of the 
transplanted tissue and to conduct basic analyses of the mecha-
nism of human follicular development.

4.4 | In vitro follicular growth systems

In a reported study with two- step, serum- free follicle culture, 
human ovarian tissue that contained primordial follicles was cul-
tured in vitro and grown into preantral follicles, which were then 
isolated and cultured in the presence of activin A to facilitate their 
growth into antral follicles.76 The protocol for this method was to 
culture and grow primordial follicles that had been derived from 
cryopreserved human ovarian tissue, isolate the oocytes from the 
resulting antral follicles, and perform IVM in order to obtain ma-
ture human MII oocytes. Recently, the research group reported 
that nine MII oocytes with meiotic spindle formation were ob-
tained by using their culture method; however, all the polar bodies 
of the MII oocytes were abnormally large and their developmental 
potential remained unknown.77 Therefore, it is necessary to ac-
cumulate more findings that are related to the physical and bio-
chemical factors that contribute to the growth and differentiation 
of follicles.78

4.5 | Oogonial stem cells

It could be considered the “central dogma” of reproductive medicine 
that primordial germ cells within ovaries continue to dwindle after 
birth and are not regenerated or replenished. By contrast, a study 
reported findings in 2004 that suggested follicular renewal in the 

F IGURE  1 Usages of cryopreserved 
ovarian tissue. The solid lines represent 
clinically applied methods that have 
achieved pregnancies and births, while 
the dotted lines represent methods that 
are in the research stage. IVM, in vitro 
maturation

http://www.isfpregistry.org
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ovaries of adult mice.79 It also has been reported by multiple stud-
ies that similar to Drosophila and teleosts, adult mouse ovaries have 
a small number of reproductive cells that are capable of prolifera-
tion, which are able to produce eggs, and even offspring.80 Finally, 
in 2012, mitotically active oogonial stem cells (OSCs) were isolated 
from cryopreserved human adult ovarian tissue.4 When these human 
OSCs were cultured, they produced large cells that were 35- 50 μm 
in diameter and these enlarged cells expressed the terminal oocyte 
markers, such as GDF- 9, zona pellucida glycoproteins, and newborn 
ovary homeobox, as well as meiosis markers, such as Y- box protein 2 
and synaptonemal complex protein 3. As fluorescence- activated cell 
sorting- based ploidy analysis of the cultured human OSCs detected 
a cell population that exhibited the haploid status, it was suggested 
that cryopreserved ovarian tissue could be the source of prolifera-
tive OSCs that might differentiate into haploid oocyte- like cells in 
vitro.

A number of skeptical reviews and rebuttals have arisen in 
response to these reports of oogonial stem cells in ovaries.81,82 
Although there has been no scientific consensus, there recently has 
been a similar report from another research group,5 indicating an 
acceleration in the research using OSCs in the field of reproductive 
medicine. The Japanese policy designating the handling of stem cells 
is that oocytes and sperm[s] that have been produced from stem 
cells shall not be used for fertilization.83 Nevertheless, amid rising 
expectations for the results of further research, there is likely to be 
a need for a specific, wide- ranging discussion regarding the stage to 
which such research may be permitted to proceed.

4.6 | Follicular loss after transplantation

According to current methodologies, several days are required for 
sufficient angiogenesis in the transplanted tissues to facilitate the 
recovery from hypoxia after ovarian tissue transplantation.84 In 
this process, it is estimated that 25%- 90% of the primordial folli-
cles are lost, probably related to follicle “burnout” that is associated 
with primordial follicle recruitment following transplantation.85,86 
Consequently, the transplanted ovarian tissue can function anywhere 
from 2 to 3 months to as long as 5 years. In order to reduce the loss 
of primordial follicles in transplanted ovarian tissue, methods such as 
the creation of a peritoneal window 1 week prior to transplantation56 
or the incision of the residual ovarian tissue to serve as the transplan-
tation site, have been attempted in order to achieve local angiogene-
sis.87 However, as stated previously, no conclusion has been reached 
as to which site or method is superior. Antioxidants, such as vita-
min E,87 sphingosine- 1- phosphate, which possesses anti- apoptotic 
effects,88 hormones such as gonadotrophins and GnRH analogs,87 
vascular endothelial growth factor,89 basic fibroblast growth fac-
tor,90 angiopoietin- 291 and other cytokines with an angiogenic effect, 
extracellular tissue matrices, such as a human extracellular matrix 
scaffold,66 and endothelium that continuously expresses follicular 
activation- suppressing AMH92 all have been reported to be effective 
in the reduction of follicular loss in both the xeno- transplantation 
experimental system and in clinical practice.

4.7 | Residual malignant cells in the 
transplanted tissue

It has been indicated that the transplanted ovarian tissue could con-
tain malignant cells (minimal residual disease; MRD). Although there 
is no sufficient evidence, there has been no report of disease recur-
rence associated with reintroduction; thus, it is highly likely that the 
auto- transplantation of ovarian tissue can be performed safely, as 
long as the type and stage of malignancy are taken into account. 
According to a recent review,93 Hodgkin’s lymphoma, non- Hodgkin’s 
lymphoma, and breast cancer all were considered to be indications 
for human ovarian tissue cryopreservation.

When thawing and transplanting cryopreserved ovarian tis-
sue, in addition to providing the patient with sufficient infor-
mation, it is advisable to first evaluate the presence of MRD by 
conducting histopathology tests, immunostaining, and the detec-
tion of genetic mutations (such as by polymerase chain reaction 
or next- generation sequencing) on a portion of the transplant 
tissue. At present, the most effective method is considered to 
be the observation of the tissue in xeno- transplantation for 
≥20 weeks.93

Auto- transplantation has been considered to be best avoided in 
cases of leukemia; however, because of the anticipation of devel-
opments from future research, cryopreservation often is performed 
for patients with leukemia, as well. The Pediatric Diseases Working 
Party, which includes specialists from the European Society for 
Blood and Marrow Transplantation, recently has published a guide-
line for fertility preservation in pediatric patients who are under-
going hematopoietic stem cell transplantation. The guideline states 
that although the auto- transplantation of ovarian tissue in patients 
with leukemia should be avoided because of the lack of a validated 
method for detecting MRD, the cryopreservation of ovarian tissue 
can be considered in light of potential future developments in the 
technology, such as the aforementioned in vitro follicular growth.94 
In fact, an Israeli group recently reported that, following sufficient 
assessment of MRD, the auto- transplantation of cryopreserved 
ovarian tissue that had been harvested after inducing the remission 
of acute myeloid leukemia resulted in a live birth. Furthermore, at 
two years since transplantation, there has been no recurrence of 
leukemia.95

5  | JAPANESE ONCOFERTILIT Y C ARE 
DELIVERY SYSTEM

5.1 | Coordination between the cancer hospitals 
and the assisted reproductive technology hospitals 
and clinics

As stated earlier, many academic societies in Japan have issued 
guidelines, recommendations, and statements regarding fertil-
ity preservation. However, the viability of these guidelines and 
recommendations is predicated on a well- developed oncofertil-
ity care delivery system that conducts counseling and fertility 
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preservation. The Phase 3 Basic Plan to Promote Cancer Control, 
which was approved by the Japanese Cabinet in October 2017, 
stipulates that the Japanese Government shall construct “… a sys-
tem which enables patients to be referred to centers specializing 
in suitable reproductive care”;96 therefore, the standardization of 
oncofertility care can be considered to be an urgent issue of na-
tional policy.

As of 2017, Japan had 432 cancer hospitals97 and 15 pediat-
ric cancer hospitals98 that were designated by the MHLW, in ad-
dition to 605 ART hospitals or clinics that were registered with 
the JSOG.99 Among the hospitals or clinics that were registered 
with the JSOG that conduct fertility preservation (oocyte and/
or ovarian tissue cryopreservation),99 as of December 15, 2017, 
there were 34 hospitals or clinics who dealt with unfertilized oo-
cytes and ovarian tissues, 54 hospitals or clinics who dealt with 
only unfertilized oocytes, and one hospital that dealt with only 
ovarian tissue. There were 107 centers that were both MHLW- 
designated cancer hospitals and JSOG- registered ART hospitals 
or clinics, only 55 of which also conducted some form of fertil-
ity preservation (Figure 2). Similarly, there were nine centers 
that were both MHLW- designated pediatric cancer hospitals and 
JSOG- registered ART hospitals or clinics, only four of which also 
conducted some form of fertility preservation (Figure 2). Thus, the 
majority of cancer hospitals do not conduct ART or fertility pres-
ervation, a state of affairs that suggests that the delivery of onco-
fertility care requires the establishment of a system for referring 
patients to specialized centers.

5.2 | Current status of regional 
oncofertility networks

In order to streamline the coordination between the cancer treatment 
hospitals and the reproductive care hospitals or clinics in Japan, indi-
vidual prefectures have been sponsoring the construction of regional 
oncofertility networks. As of December 2017, oncofertility networks 
have been established in Gifu,100 Shiga, Saitama, and 18 other prefec-
tures101,102; however, the activities of these individual networks vary. 
Specifically, there are three different models: (i) the “flagship hospi-
tal model,” in which a university hospital (typically a cancer hospital), 
of which every prefecture has at least one, is established as the base 
of the network; (ii) the “reproductive care center- led model,” which 
is formed by the reproductive care centers reaching out to the can-
cer hospitals; and (iii) a mixture model of (i) and (ii). The advantages of 
the first model are that understanding the state of affairs and enact-
ing policies are relatively easy; however, the policies that are enacted 
must take into account the characteristics of the region. In major met-
ropolitan areas, such as Tokyo and Osaka, many cancer hospitals and 
ART hospitals or clinics each coordinate in unique, complex fashions; 
as a result, it is difficult to establish a comprehensive network or to 
understand the state of affairs within a given institution. However, the 
distribution of the JSOG- registered fertility preservation hospitals or 
clinics is skewed toward large cities (Figure 3). There are 13 prefec-
tures without JSOG- registered fertility preservation hospitals or clin-
ics, which indicates that these prefectures’ oncofertility care delivery 

F IGURE  2  Japanese hospitals and clinics that are engaged 
in cancer treatment (adult and pediatric), assisted reproductive 
technology (ART), and fertility preservation (FP). The numbers 
represent the number of hospitals and clinics belonging to each 
population. Japan has ~179 000 hospitals and clinics.105 Cancer 
treatment also is performed at hospitals and clinics other than at 
Ministry of Health, Labour and Welfare (MHLW)- designated cancer 
hospitals, whereas ART and FP (red) are performed only at hospitals 
and clinics that are registered with the Japan Society of Obstetrics 
and Gynecology (JSOG)

F IGURE  3 Distribution of the fertility preservation hospitals 
and clinics in Japan. The red pins represent the hospitals or clinics 
that cryopreserve both ovarian tissue and unfertilized oocytes, 
while the orange pins represent the hospitals or clinics that only 
cryopreserve unfertilized oocytes. The figure demonstrates the 
concentration of fertility preservation hospitals and clinics in 
the major metropolitan areas (insets) and the dearth of fertility 
preservation hospitals and clinics along the Sea of Japan coast and 
in the Tohoku (north- eastern) region
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systems are underdeveloped. Through a questionnaire- based survey 
that was conducted of ART hospitals and clinics in regions that were 
suspected to have underdeveloped systems, it was learned that uni-
versity hospitals in Iwate, Yamagata, and eight other prefectures con-
duct ART and oncofertility counseling for cancer patients and have 
established systems for referring patients to suitable fertility preser-
vation hospitals or clinics outside of the prefecture when necessary. 
In contrast, university hospitals in the Nara, Saga, and Kagawa pre-
fectures do not conduct ART, but are taking steps to establish coun-
seling and referral systems. However, regions with underdeveloped 
oncofertility care delivery systems cannot fully develop these systems 
overnight. Therefore, for the children, adolescent, and AYA patients 
with cancer, their families, and their attending physicians in these re-
gions, it would be desirable to be able to consult with the secretariat 
of the Japan Society for Fertility Preservation (JSFP) in a set- up that 
is similar to the National Cancer Center Japan’s Cancer Treatment and 
Pregnancy Consultation Service.

5.3 | Psychosocial care delivery system based 
on the coordination among healthcare providers

Providing effective oncofertility care in a smooth fashion requires co-
ordination among the various types of healthcare providers, such as 
physicians, nurses, psychologists, pharmacists, and social workers. 
Providing suitable psychosocial care with accurate information and 
foresight from various specialists enables patients to make complex de-
cisions, even when they are faced with severe psychological stress.103

In the USA, the field of oncofertility includes healthcare providers 
called “patient navigators,” to whom patients are referred when the 
oncologist believes the patient should consider fertility preservation. 
The first task of these patient navigators is to provide information.104 
Oncofertility requires close cooperation among healthcare providers. 
The presence of an oncofertility navigator probably would be effective 
in reducing the burden on individual providers, making oncofertility 
care delivery systems easier to maintain, and supporting the regions 
with underdeveloped oncofertility care networks.

The Japan Society for Reproductive Psychology, in cooperation with 
the JSFP, conducts seminars for clinical psychologists and trains and cer-
tifies psychologists who specialize in oncofertility care. The Japan Society 
for Reproductive Psychology also conducts seminars for embryologists 
and certified fertility nurses and trains specialized oncofertility coordi-
nators. It is anticipated that these two different types of “oncofertility 
navigators” will complement each other to provide psychosocial care. The 
JSFP, with the support of the Japan Cancer Society, also conducts onco-
fertility care seminars for social workers in the patient support division of 
cancer hospitals, at which oncofertility navigator services are anticipated.

6  | CONCLUSION

Fertility preservation by the cryopreservation of oocytes and ovar-
ian tissues has come to be viewed as an indispensable technology 
in oncofertility. However, it must be noted that the findings that are 

related to oocyte cryopreservation are limited to infertile women 
with a favorable ovarian reserve at certain hospitals or clinics and that 
ovarian tissue cryopreservation remains in the clinical research stage. 
Although no negative effect has been observed on cancer treatment 
outcomes or in the next generation, it is important to conduct and re-
port long- term observations with larger numbers of patients. The goal 
of Japanese oncofertility care is not merely fertility preservation, but 
the establishment of a nationwide oncofertility care delivery system in 
which multidisciplinary coordination enables all patients with cancer 
to receive multidisciplinary care.
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