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Introduction

The adolescent and young adult (AYA) generation means peo-
ple in adolescent and young adulthood and is defined as a 
generation from 15 to 39 years old. The study about cancer in 
this generation is defined as adolescent and young adult on-
cology (AYAO) by 2011 National Cancer Institute (NCI) Cancer 
Bulletin. There are various definitions in the AYA generation. 
The Surveillance, Epidemiology, and End Results (SEER), NCI 
and National Comprehensive Cancer Network (NCCN) define 
the ages from 15 to 29 years old and from 15 to 39 years old, 
respectively. At SEER AYA Monograph 2006 [1] reported that 
cancer patients between the ages of 15 and 29 are only 2–3% 
of all cancer patients, but 2.7 times those of cancer patients 
under 15 years of age. According to Clinical Practice Guide-
lines, Adolescent Young Adult Oncology and the SEER Cancer 
Statistics Review 2009–2013 in NIH (the NCI: SEER program), 
they reported that the most common cause of death to wom-

en in AYA generation excluding accidents and suicide and the 
most common in the order of cancer incidence (number per 
100,000 people) is the thyroid cancer, breast cancer, cervical 
carcinoma, malignant melanoma, and colorectal cancer to 
women and gonadal cell tumor, malignant melanoma, non-
Hodgkin’s lymphoma, colorectal cancer, thyroid cancer to men 
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[2,3]. In Japan, according to the 2015 cancer incidence rate 
(2011) based on areas and ages reported by Cancer Counsel-
ing Information Center of the National Cancer Center, the 
highest rates in order for female are thyroid cancer, leukemia, 
ovarian cancer at the ages of 20 to 24 years old, uterine cervi-
cal cancer (excluding carcinoma in situ), breast (not including 
carcinoma in situ), thyroid carcinoma at the age of 25 to 30 
years old, uterine cervical cancer (not including carcinoma in 
situ) and thyroid carcinoma at the age of 30 to 34, and then 
breast (not including carcinoma in situ), uterine cervical cancer 
(not including carcinoma in situ) and thyroid carcinoma at the 
age of 35 to 39 years of age.

For male, leukemia, thyroid cancer, malignant lymphoma at 
the age of 20 to 24, colorectal cancer, leukemia, malignant 
lymphoma at the age of 25 to 30, colorectal cancer, malig-
nant lymphoma, gastric cancer at the age of 30 to 34, and 
colorectal cancer, colon cancer, gastric cancer at the age of 
35 to 39 years old [4]. In fact, fertility preservation therapy 
to be prioritized by cancer type may be different in cancer/
reproductive medicine (reproductive care for AYA generation 
cancer patients: Oncofertility). This paper outlines the practi-
cal fertility preservation therapy using reproductive assisted 
technology for AYA generation cancer patients.

Guideline on fertility preservation for 
cancer patients

In 2006, guidelines on fertility preservation for young cancer 
patients were presented from the American Society of Clini-
cal Oncology (ASCO), which was later revised in 2013 [5,6]. 
ASCO, in collaboration with the American Society for Repro-
ductive Medicine (ASRM), published the guideline on fertil-
ity preservation therapy for cancer patients for the first time 
in the world in 2006. This ASCO 2006 presents guidelines 
on pregnancy rate, birth rate, and in vitro fertilization (IVF) 
success rate in papers meeting criteria among other report 
papers from 1985 to 2005, and it also states that the infor-
mation about concerning the possibility of fertility decline by 
cancer treatment should be informed to cancer patients at all 
reproductive age. In addition, cancer therapists should present 
problems on fertility to patients in the early stages of diagno-
sis and emphasize that cooperation with doctors specializing 
in reproductive medicine is important. The change in the re-
vised version in 2013 was that all providers (such as doctors, 

nurses, social workers, psychologists, etc.) involved in fertility 
preservation treatment be referred to as healthcare providers 
and the needs to respond to patients by the entire healthcare 
provider is clearly indicated and they are responsible for pro-
viding information to cancer patients regarding the possibility 
of deteriorating fertility.

On the other hand, in Japan, the Japanese Society for 
Reproductive Medicine “Guidelines on the Freezing and 
Preservation of Unfertilized Oocyte and Ovarian Tissue” was 
published in 2013, and the Japan Society of Obstetrics and 
Gynecology issued “Observation on Collection, Freezing 
and Preservation of Ovarian Tissue” in April 2014 and was 
partially revised in 2016. However, there are no comprehen-
sive guidelines on fertility preservation for various cancers in 
Japan. With a view to improving the quality of life of cancer 
survivors, cancer therapists need to reaffirm the importance of 
fertility preservation for AYA generation cancer patients. De-
pending on the type and progress of cancer, cancer therapy 
is given as a top priority, and there are many circumstances in 
which we are forced to abandon future pregnancy and child-
birth. Therefore, the Japan Cancer Therapeutics Association 
started making guidelines focusing on cancer treatment from 
October 2015, carefully considering fertility preservation for 
AYA cancer patients and children (<15 years old) with cancer. 
In July 2017, guidelines on fertility preservation for young 
cancer patients (children and AYA; CAYA) were published by 
the Japan Society of Clinical Oncology [7].

Oocyte cryopreservation and embryo 
cryopreservation

Oocyte cryopreservation is one of fertility preservation treat-
ments for young cancer patients who do not have a partner, 
and ASRM has said that this method is not a research stage in 
2013 [8]. In oocyte freezing, patients will need to receive hor-
mone preparations as they will store mature oocytes (second 
meiotic metaphase oocytes). And since collection of oocytes 
depends on the menstrual cycle, it is common that it takes 
at least 2 weeks before harvesting. The patient will receive 
an injection of follicle stimulating hormone (FSH) formulation 
soon after menstruation, but injections around 10 days are 
needed to raise follicles and mature oocytes. When the follicle 
develops thereafter, the patient receives human chorionic go-
nadotropin (hCG) or gonadotropin-releasing hormone (GnRH) 
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agonist (including nasal spray) preparation for oocyte acquisi-
tion, and oocyte collection is performed about 36 hours later. 
Because it takes time to collect oocytes like this and the tim-
ing of oocyte collection depends on the menstrual cycle when 
a cancer patient visits obstetrics and gynecology department, 
it is also assumed that freezing cannot be done when no time 
to start treatment. However, in recent years, the random start 
method [9], which is an attempt to enforce oocyte production 
irrespective of the patient’s menstrual cycle at the time of visit 
to obstetrics and gynecology, was devised and it became pos-
sible to have treatment for oocyte acquisition without waiting 
for the next cycle menstruation. ASRM states that pregnancy 
rate in oocyte freezing depends on age. Among them, quot-
ing a large-scale study on the guidelines, it reports that the 
pregnancy rate per embryo transplant is 27.7% below 34 
years old, 21.4% from 35 to 38 years old, 21.4% from 38 
years old, and the pregnancy rate per embryo transplant 
is 48.6% below 34 years, 24.1% from 35 to 37 years old, 
23.3% from 38 to 40 years old, and 22.2% from 41 to 43 
years old [8]. When multiple mature oocytes are collected, fe-
male hormone levels (estradiol values) increase due to ovula-
tion stimulation by FSH, so that more attention must be paid 
to adverse effects, proliferation to cancer cells by estradiol val-
ues being caused for patients with hormone receptor positive 
breast cancer and endometrial cancer. Therefore, when oo-
cytes are harvested, hormone receptive positive breast cancer 

may select a treatment method to recover oocytes by ovarian 
stimulation with aromatase inhibitor combination for the pur-
pose of suppressing increase in estradiol value [9]. Reddy and 
colleagues [10] classified the number of acquired oocytes, 
the number of matured oocytes, the number of frozen em-
bryos, the estradiol value, etc. among the 2 groups in GnRH 
agonist and hCG ovulation determination medicine in fertility 
preservation treatment combined with an aromatase inhibi-
tor. The results are 14.1±6.6 and 12.4±8.6, respectively, the 
number of acquired eggs (individual) 10.5±5.1 and 7.7±5.3, 
the number of frozen embryos (pieces) 7.7±4.2 and 5.4±73.8, 
the estradiol value (pg/mL) 564.7±313.2 and 529.7±400.6, 
indicating that the increase in estradiol level is sufficiently sup-
pressed. Oktay and colleagues [11] obtained 25 live births as 
a result of carrying out 40 embryo transplantations to 33 pa-
tients in IVF with aromatase inhibitor combination, but it was 
reported that none of children were observed fetal malforma-
tion etc.

On the other hand, if a cancer patient has a partner, fertil-
ization is frozen by embryo with the oocyte collected using 
the partner’s sperm. There are two kinds of fertilization meth-
ods: Conventional IVF and intracytoplasmic sperm injection 
(ICSI). Conventional IVF is a method of removing waste from 
semen after ejaculation on the collected mature oocytes, 
culturing the sperm together with oocytes in the culture solu-
tion, and confirming fertilization the next day. On the other 

Fig. 1. Female fertility preservation on young cancer patients in adolescent and young adult generation. FP, fertility preservation; IVM, in vitro 
maturation; IVFG, in vitro follicle growth; ASAP, as soon as possible.
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hand, ICSI is a method of placing one sperm into a matured 
oocyte under a microscope against cultured oocytes, culturing 
until the next day and confirming fertilization. Although the 
summary of oocyte freezing and embryo (fertilized oocytes) 
freezing has been shown above, in principle the oocytes col-
lection involves transvaginal operation, so there are cases 
where it cannot be performed in patients with AYA genera-
tion female cancer (Fig. 1). The Japan Society of Obstetrics 
and Gynecology shows “Views on unfertilized oocytes, 
embryos (fertilized oocytes) and ovarian tissues freezing and 
preservation by medical adaptation” in June 2016, and in 
Japan when oocytes or fertilized oocytes for AYA generation 
cancer patient are frozen, it is required for physician to notify 
the Japan Society of Obstetrics and Gynecology [12]. The fol-
lowing is excerpted from the sentence: “By conducting surgi-
cal therapy, chemotherapy, radiation therapy, etc. for women 
who are suffering from malignant tumor etc. (hereinafter 
called the original disease) for the purpose of treating the 
original disease,” if ovarian function decreases before experi-
encing pregnancy/childbirth, and as a result it is predicted that 
fertility will be lost, unfertilized oocytes are collected based on 
the intention of the patient as a method of preserving fertil-
ity. It is considered that this method is a medical practice as 
a part of countermeasures for adverse reactions occurring in 
the treatment of the original disease, so although there is no 
desire for childbirth at the time of receiving the treatment, 
it is necessary to acknowledge it as a medical practice if she 
wishes, but due to the influence of the implementation of 
this rule on the prognosis of the original disease, the possibil-
ity of pregnancy by the preserved oocyte in the future and 
its safety, since there are many things that are not clear yet, 
it is important that the patients make their own decisions by 
being provided sufficient information. This rule is to carry out 
IVF/embryo transplantation and ICSI and it must be conduct-
ed in accordance with the “Observations on IVF and embryo 
transplant” and the “Observations on microscopic insemi-
nation” of the Japan Society of Obstetrics and Gynecology. 
Furthermore, since this rule encompasses medical, ethical and 
social problems that are different from ordinary reproductive 
support medicine (assisted reproductive technology; ART), it 
needs to be done with the following points in mind. The col-
lection, freezing and preservation of ovarian tissue performed 
for the same purpose belongs to the same medical practice as 
in the case of unfertilized oocyte, and this view is basically ap-
plied, considering that it is included in this rule [12].

Ovarian tissue freezing

Freezing ovarian tissue for AYA cancer patients was first re-
ported by Oktay and Karlikaya in 2000 [13] and the firstborn 
baby acquisition was reported by Donnez et al. [14] in 2004. 
According to the report of von Wolff et al. [15] in 2015, they 
reported that more than 1,000 cases of ovarian tissue freez-
ing are performed in Europe, and this technology is becoming 
generalized, especially in Europe. However, ASRM states that 
ovarian tissue freezing is not an established technique but 
an experimentally practiced technique [16]. In ovarian tissue 
freezing, in principle, one ovary is removed by laparoscopic 
surgery and the ovary cortex is stored frozen outside the 
body. Therefore, it is not a technique that depends on the pa-
tient’s menstrual cycle, but it can apply to all AYA generation 
cancer patients scheduled to undergo cancer treatment with 
sudden ovarian toxicity. So far, there have been 86 live births 
after ovarian tissue freezing worldwide [17]. The vast major-
ity of the live births have been achieved after slow freezing 
of ovarian tissue, although there have been 3 live births after 
ovarian tissue vitrification in Japan. Rapid freezing of ovarian 
tissue (vitrification) is relatively popular in Japan, where there 
have been over 1,000 cases of ovarian tissue cryopreserva-
tion by slow freezing and also over 250 cases of ovarian tis-
sue vitrification for fertility preservation. A total of 32 centers 
can perform ovarian tissue cryopreservation in Japan and are 
members of the JSFP. Several articles concerning ovarian tissue 
vitrification have been published [18-20]. In August 2017, Shi 
and colleagues [21] compared vitrification with slow freezing 
of human ovarian tissue, and they concluded that vitrification 
may be more effective than slow freezing, with fewer primor-
dial follicular DNA strand breaks and better preservation of 
stromal cells. At the ASRM meeting in 2017, we reported a 
comparison of follicle survival and DNA damage after vitrifica-
tion versus slow freezing of human ovarian tissue. The follow-
ing parameters were compared: the primordial follicle density, 
γH2AX-positive primordial follicle percentage, AC3 positive 
primordial follicle percentage, non-apoptotic primordial fol-
licle density, primary follicle density, γH2AX-positive primary 
follicle percentage, AC3-positive primary follicle percentage, 
and non-apoptotic primary follicle density. AC3-positive pri-
mordial follicles were 17.5±2.3% at baseline, 20.1±2.7 after 
slow freezing, and 12.8±3.1% after vitrification, showing a 
statistically significant difference between slow freezing and 
vitrification (P=0.06, unpublished observations). Based on the 
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impact on primordial follicle survival and DNA damage after 
thawing of frozen tissue and culture, there may be no major 
differences between slow freezing and vitrification. It seems 
that fewer apoptotic follicles survive after vitrification, but 
whether this has any impact on final non-apoptotic follicle 
density or survival in culture is unclear [22]. 

We have developed a closed device for ovarian tissue vit-
rification and we have performed comparison of open and 
closed methods for vitrification. Our results showed that the 
closed method had similar or better efficacy compared to 
open vitrification of human ovarian tissue. There was a higher 
primordial follicle survival rate after 96 hours of culture with 
closed vitrification, but the mechanism needs to be explored 
further. It has been shown that the open method has similar 
efficacy with slow freezing of ovarian tissue. Accordingly, 
the closed method should become the standard method of 
ovarian tissue cryopreservation [23]. Except for histological ex-
amination, there are currently no suitable techniques for the 
detection and identification of primordial follicles in patients 
with primary ovarian insufficiency who have undetectable 
anti-mullerian hormone levels. The ability to locate and quan-
tify follicles in unfixed ovarian cortex strips would be useful in 
patients who are undergoing ovarian tissue transplantation. 
Optical coherence tomography (OCT) is a well-established 
high-resolution imaging technique commonly used in bio-
medicine that does not require tissue fixation, and it has been 
suggested that OCT might be employed to measure the true 
ovarian reserve and localize follicles [24]. However, ovarian 
cancer, leukemia, etc., in which cancer cells are expected to 
be present in the ovarian tissue, are out of the indication. 
That is, in the event that cancer cells are contained in frozen 
and thawed ovarian tissue pieces, there is a possibility that 
cancer cells may be transferred to themselves again by their 
own ovarian tissue after remission. This is called minimal re-
sidual disease (MRD). There have been several reports since 
MRD is reported by Dolmans et al. [25-29]. According to the 
report of Greve et al. [26] in 2012, the ovaries of 4 patients 
with leukemia and lymphocytic leukemia who had positive 
cancer cells in ovarian tissue by quantitative reverse transcrip-
tion polymerase chain reaction (RT-qPCR) were observed in 
immunodeficient mice for 20 weeks after transplantation. As 
a result, it was reported that no tumor was formed. There is 
a problem with the accuracy of RT-qPCR, and the investiga-
tion on detection of MRD in ovarian tissue is continuing in 
the research. Therefore, since there is no established method 

for diagnosing MRD at this stage, there is a need to carefully 
study the adaptation of this technique to patients with a high 
possibility of the presence of cancer cells, especially in the 
ovary. In addition, the birth rate for ovarian transplantation 
by ovarian tissue/freezing has been reported to be 25% [29], 
and in the report on the clinical application of this technol-
ogy in accordance with Edinburgh criteria of Wallace. Ovarian 
tissue freezing/transplantation safety and effectiveness have 
been shown [30].

By the way, when the ovarian tissue is frozen, ovarian me-
dulla is removed in the culture medium, and only the ovary 
cortex where the primordial follicle is present is immersed in 
the cryoprotective agent to carry out the freezing of the ovar-
ian tissue. In this process, when there is a clearly developed 
follicle in the ovarian tissue, ovarian cortex is damaged by the 
formation of ice crystals in the follicular fluid [31]. Therefore, 
in general, in order to prevent the formation of ice crystals, 
the follicles that grew in the ovarian tissue are aspirated by 
injection needle. At the time of removal medulla and the cul-
ture solution upon aspiration with a stereoscopic microscope, 
premature oocytes in culture broth in a relatively frequent 
time can be confirmed comparatively and frequently. Tech-
niques for culturing immature oocytes in these cultures in 
vitro and cryopreserving them as mature oocytes are called 
combined procedure [32]. That is, it is a method of combin-
ing ovarian tissue freezing and simultaneous oocyte freezing. 
Because most of the oocytes in these cultures are in immature 
state, mature oocytes will be obtained by immature oocyte 
in vitro culture (in vitro maturation; IVM) or premature egg 
growth (in vitro follicle growth; IVFG). Xiao and colleagues [33] 
reported that they acquired mature oocytes at a high rate in 
culture method using alginate beans in 150 μm immature fol-
licles as IVFG, fertilized the mature oocytes, and reached the 
blastocyst.

Ovarian protection by GnRH analogue

GnRH analog is a fertility preservation therapy that minimally 
reduces the exposure of anticancer drugs by protecting the 
developmental process of primordial follicles [34]. Unfortu-
nately, most of the studies performed to date have had vari-
ous methodological problems, such as a small patient popula-
tion, short study period, high proportion of patients over 40 
years old, or high rate of loss to follow up. For example, the 
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PROMISE-GIM6 study published in 2011 had a duration of 
only one year and most of the patients were over 40 years 
old [35]. When this study was extended for several years to 
assess the occurrence of menopause, most of the patients 
could not be followed [36]. In 2012, a randomized trial of 
the GnRH agonist triptorelin for preservation of ovarian func-
tion during neoadjuvant chemotherapy for breast cancer was 
published, but this was a small-scale study [37]. Furthermore, 
The GBG 37 ZORO study published in 2012 [38] evaluated 
patients with or without a menstrual cycle for only 6 months. 
In my opinion, the most reliable study published so far is the 
Prevention of Early Menopause Study (POEMS) trial. The re-
sults of the POEMS trial reported by ASCO in 2014 resulted 
in a very disappointing result. In ASCO, the ovarian failure 
rate was 22% and 8% in the standard treatment group and 
the GnRH analog administration group respectively 2 years 
after the trial registration and it was suggested the possibil-
ity of ovarian protection of GnRH analogue by anticancer 
drug. However, the authors concluded in a report in the 
NEJM magazine in 2016 that “We lost the reliability of the 
results of the POEMS exam because of some missing data” 
[39]. Meanwhile, Demeestere and colleagues [40] reported 
on the results of a randomized controlled trial with a median 
follow-up period of 5 years. As a result, the incidence of pre-
mature ovarian failure did not change in the GnRH analog 
administration group compared with the non-administered 

group. In 2016, Munhoz and colleagues [41] confirmed 
research results from January 1975 to March 2015 in the 
PubMed, SCOPUS and Cochrane databases, and further 
examined the meta-analysis results from ASCO’s 1995 to 
2014, San Antonio Breast Cancer Symposium 2009 to 2014 
that also confirmed the abstract indicate that there is a pos-
sibility of ovarian protection by GnRH analogue against early 
breast cancer. However, Oktay and Turan [42] pointed out 
that there is a problem with the method of extracting meta-
analysis as an Invited commentary for this paper. Primordial 
follicles and eggs do not originally have receptors for GnRH, 
and DNA damage and apoptosis in eggs in the developing 
follicle are induced by alkylating agents and topoisomerase 
inhibitors, but not in primordial follicles, resulting in ovarian 
dysfunction. It is said that GnRH analogs cannot protect the 
toxicity of anticancer drugs to primitive follicles, and further 
motivation for pregnancy of cancer patients assigned to the 
GnRH analog group is biasing, so that AYA generation can-
cer patient Ovarian protection by GnRH analog is not recom-
mended as fertility preservation therapy [40,42]. At this time 
ASCO does not recommend using GnRH analog in combina-
tion with anti-cancer drug. It is expected that the discussion 
whether GnRH analog will be used when anticancer drug is 
used will continue in future.

Fig. 2. Male fertility preservation on young cancer patients in adolescent and young adult generation. FP, fertility preservation; IVM, in vitro 
maturation; IVFG, in vitro follicle growth; ASAP, as soon as possible.
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Sperm freezing

According to the AYA oncology guideline, version 2. 2014 
reported by NCCN, sperm freezing (semen freezing) before 
anticancer treatment is the most reliable technology as a 
fertility preserving in AYA generation cancer-affected men 
and it states that this is well established as a treatment. The 
NCCN guideline also recommends sperm cryopreservation 
before treatment (Fig. 2). The reason is that sperm after an-
ti-cancer treatment may induce genetic defect. In addition, 
it is reported that the original disease may induce azoosper-
mia in Hodgkin lymphoma and testicular cancer patients [43]. 
Similar to the NCCN guidelines, Moss and colleagues also 
says that ejaculate semen is the most effective male fertility 
preservation therapy for AYA generation and should be col-
lected before anticancer treatment. If ejaculation is impos-
sible and family members and patient can be accepted, arti-
ficial ejaculation such as Penile Vibratory Stimulator (machine 
to promote ejaculation) or Electroejaculation under general 
anesthesia (electric ejaculation) can also be performed. If 
ejaculate semen cannot be obtained, it is said that surgically 
performing testicular sperm extraction (TESE) operation will 
collect sperm. This is because radiation therapy and anti-
cancer treatment are known to greatly affect spermatogen-
esis [44].

Freezing testicular tissue

Basal and clinical studies of testicular tissue freezing have 
been started in recent years. With current technology, it is not 
possible to mature spermatogonial stem cells in vitro due to 
IVF in the future. However, Gupta and colleagues [45] have 
conducted a testicular biopsy of 77 pre-adolescent boys and 
said that preserved tissue can contain preserved spermatogo-
nial stem cells because they may contain spermatogonial stem 
cells. It is not an option to preserve fertility. In addition, Long 
and colleagues [46] also said that freezing testicular tissues is 
still at the research stage, however, it is indicated that there 
is adaptation to boys with pre-pubertal cancer. Although it 
is possible to preserve spermatogonial stem cells by freezing 
testicular tissues, they say that they will re-transplant after 
treatment and it will be cryopreserved in anticipation of sperm 
differentiation resuming.

Future prospects

A report by Dr. Donnez et al. [14] in 2004 of the young fe-
male Hodgkin’s disease patient for the first time to acquire 
a baby by ovarian tissue freezing and ovarian transplanta-
tion after cancer therapy has become a breakthrough in this 
area, and a new area called Oncofertility is established by Dr. 
Woodruff [47]. Also in Japan, the practice of fertility preserva-
tion therapy for AYA generation cancer patients have con-
ducted in 2012 by the JSFP (http://www.j-sfp.org/index.html), 
various societies and organizations have deepened interest in 
this area. In June 2015, the “Cancer Summit” hosted by the 
Ministry of Health, Labor and Welfare formulated the “Ac-
celeration Plan for Cancer Countermeasures,” so far there 
has been no clear description in the Basic Plan for Promotion 
of Cancer Countermeasures. It is now that the aim of achiev-
ing sustainable cancer control in the future is indicated by 
the importance of “cancer countermeasure according to life 
stage such as childhood, AYA generation, mature age, elderly 
age.” Since “Implementation for reproductive dysfunction” 
was included in cancer control according to the life stage this 
time, it is urgent for not only doctors but also all healthcare 
providers including nurses, psychologists, pharmacists, etc. 
to construct a cancer and reproductive medical cooperative 
network aiming at practicing fertility preservation therapy for 
cancer patients in the AYA generation in Japan.
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