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ABSTRACT

Fertility preservation is a major concern in young patients diagnosed with breast cancer and 
planning to receive multimodality treatment, including gonadotoxic chemotherapy with 
or without age-related decline through long-term endocrine therapy. Most breast cancer 
patients undergo multimodality treatments; many short-term and long-term side effects 
arise during these therapies. One of the most detrimental side effects is reduced fertility 
due to gonadotoxic treatments with resultant psychosocial stress. Cryopreservation of 
oocytes, embryos, and ovarian tissue are currently available fertility preservation methods 
for these patients. As an adjunct to these methods, in vitro maturation or gonadotropin-
releasing hormone agonist could also be considered. It is also essential to communicate 
well with patients in the decision-making process on fertility preservation. It is essential to 
refer patients diagnosed with breast cancer on time to fertility specialists for individualized 
treatment, which may lead to desirable outcomes. To do so, a multimodal team-based 
approach and in-depth discussion on the treatment of breast cancer and fertility preservation 
is crucial. This review aims to summarize infertility risk related to currently available breast 
cancer treatment, options for fertility preservation and its details, barriers to oncofertility 
counseling, and psychosocial issues.
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INTRODUCTION

The incidence rate of breast cancer is the highest among female cancer patients in Korea, with 
a five-year survival rate greater than 90% [1]. The development of anticancer agents has led to 
improved treatment outcomes, which in turn increased the life expectancy of cancer survivors. 
Thus, the quality of life of cancer survivors after oncologic therapy has gained prominence 
in the management of breast cancer patients. Breast cancer is becoming more common in 
women of reproductive age. Fertility-preserving medicines and quality of life following cancer 
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therapy are of particular concern to these individuals. Patients who received fertility-preserving 
therapies prior to cancer treatment reported that these treatments had a beneficial impact 
on their quality of life following cancer therapy [2]. In addition, a survey on cancer survivors’ 
attitudes and experiences revealed that 76% of young female cancer patients without children 
desire to conceive, and 35% of those with children desire to have another child in the future [3].

Gonadotoxic therapy during cancer treatment, depending on the type, dose, and frequency 
of anticancer agents, may cause a decrease in reproductive function and premature ovarian 
insufficiency. It is essential to inform cancer patients of reproductive age about the side 
effects of gonadotoxic medicines and the available fertility options before treatment, to 
achieve optimal fertility preservation and enhance the quality of life. In addition, it has been 
reported that the fear of impaired reproductive function in young breast cancer patients 
may affect their choice to initiate or continue tamoxifen treatment [4]. Thus, accurate 
information and treatment chances regarding fertility preservation options should be 
provided to patients.

Fertility preservation in cancer patients is becoming part of mandatory treatment, rather 
than a matter of choice, in the whole treatment process. The American Society of Clinical 
Oncology (ASCO) also recommends a timely referral of patients to a fertility clinic before the 
initiation of cancer treatment [5]. As the number of young breast cancer patients rises year 
after year, it is essential for healthcare professionals caring for breast cancer patients to be 
well acquainted with the topic. In this review, the effect of anticancer therapy on reproductive 
function and mental health and various available strategies for fertility preservation are 
discussed to provide the best available fertility preservation tailored for each patient.

IMPACT OF SYSTEMIC TREATMENTS FOR BREAST 
CANCER ON FERTILITY
The treatment strategy of breast cancer is determined by considering various factors, 
including the subtypes, stage, and germline BRCA status of breast cancer, as well as 
the age and menopausal status of breast cancer patients. Systemic treatment involves 
various combinations of cytotoxic chemotherapy, hormone therapy, targeted therapy, 
and immunotherapy [6]. Therefore, various factors affect the risk of treatment-related 
amenorrhea (TRA) and subsequent post-treatment ovarian insufficiency (POI) in breast 
cancer patients. In this section, we discuss the data on the impact of these agents on fertility 
and the potential mechanisms underlying the impact.

Cytotoxic chemotherapy
Cytotoxic chemotherapy has been one of the most important treatment strategies for breast 
cancer, and it generally affects actively dividing cells which include gonadal cells. Research on 
the gonadal toxicity of systemic treatments has largely focused on these chemotherapeutic 
agents. The most important drugs that are commonly used for breast cancer and affect 
fertility include cyclophosphamide, doxorubicin, and taxanes. These drugs generally cause 
TRA in up to 83.6% of patients [7], and around 43.6% of patients had TRA at one year and 
18.9% at two years after treatment initiation in another study [8]. In patients with TRA, 
around 70% recovered their menstrual function in one year and 90% in two years [9]. Even 
if women recover from TRA and begin their menstruation; however, ovarian reserve and 
patients’ fertility may decline after cytotoxic chemotherapy. Several factors are associated 
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with TRA and recovery from TRA. Patient factors include age, pre-treatment ovarian reserve, 
and germline BRCA pathogenic variants [10]. Treatment-related factors include types of 
chemotherapy and their doses and duration [10].

Age, which correlates with pre-treatment ovarian reserve, is the most crucial patient factor 
associated with gonadal toxicity [10]. Patients aged older than 35 are three times more likely 
to experience TRA compared to those younger than age 30 [8]. Also, the same chemotherapy 
regimen exhibit different risks of TRA by age group; those aged ≥ 40 being at high risk, 30–39 
at intermediate risk; and < 30 at low risk [11].

Patients with germline BRCA1/2 mutation constitute a unique population regarding fertility. 
Pathogenic mutation in germline BRCA results in impaired homologous recombination DNA 
repair [7]. Defects in the DNA repair mechanism result in the accumulation of DNA damage 
and susceptibility to DNA damage over time [12]. It is controversial whether BRCA carriers 
have decreased ovarian reserve and elevated susceptibility to chemotherapy [13]. BRCA 
carriers tend to experience menopause 1–3 years earlier [14], and their cryopreserved ovarian 
tissue shows a lower number of oocytes per fragment compared to that of non-carriers (0.08 
vs. 0.14, p = 0.193) [15]. On the other hand, in clinical studies, there were no differences in 
rates of TRA and anti-Müllerian hormone (AMH) levels between BRCA carriers and non-
carriers with breast cancer who received chemotherapy [16,17]. Further studies are needed to 
determine the exact risk of TRA and POI in BRCA carriers receiving chemotherapy.

Among the cytotoxic chemotherapy agents, cyclophosphamide, an alkylating agent, poses 
the greatest risk of TRA and POI development. Patients treated with the agent have more than 
double the chances of developing TRA compared to patients who were not (odds ratio [OR], 
2.25, p = 0.006 [18]. The effect of cyclophosphamide is associated with possible damage to 
the non-growing primordial follicle pool, which makes up the ovarian reserve [10]. This is 
implicated in the observation that AMH levels remain lower after treatment in patients who 
receive alkylating agents compared to those who did not [19].

Doxorubicin, an anthracycline, and taxanes such as docetaxel and paclitaxel also cause 
gonadal dysfunction. However, the risks are lower than those of cyclophosphamide (OR, 
1.26, p = 0.0003 for anthracyclines; OR, 1.39, p = 0.0008 for taxanes) [18]. Similar to 
cyclophosphamide, these agents affect the ovarian reserve; according to a study, patients who 
received those agents show a decrease in AMH levels which remain very low, although the 
levels slightly but significantly recover after three years [17]. In clinical practice, these agents 
are often administered in combination or in sequential order. The risk of TRA seems similar 
between different schedules, as a similar rate of TRA was reported between a combination 
regimen and a sequential regimen (81% vs. 80%) [10,20] and between a dose-dense schedule 
and a standard regimen (OR, 1.00, p = 0.989) [10,21].

Hormone therapy
Premenopausal patients with hormone receptor-positive breast cancers often receive hormone 
suppression with tamoxifen for 5 to 10 years [6]. There was a significant increased risk of 
TRA with tamoxifen treatment (OR, 1.48, p<0.00001) [18], but the effect of tamoxifen seems 
largely reversible. In a study on the patients who recovered from TRA after chemotherapy and 
received tamoxifen with or without goserelin over five years (ASTRRA study), menstruation 
was restored in 69% of overall patients and 91% of patients aged < 35 [22]. Serum follicle-
stimulating hormone (FSH) levels and estradiol (E2) levels were also restored in majority of 
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these patients (98% and 74%, respectively) [22]. Also, recovery of AMH levels did not differ 
between patients who received endocrine therapy and those who did not [17].

Anti-human epidermal growth factor receptor 2 (HER2) therapy
Treatment of HER2 positive breast cancer involves anti-HER2 agents including trastuzumab, 
pertuzumab, lapatinib, ado-trastuzumab emtansine (T-DM1), and trastuzumab deruxtecan [6]. 
Analysis of data from a study comparing T-DM1 with trastuzumab plus paclitaxel (ATTEMPT 
trial) showed significantly lower 18-month rate of TRA in patients who received T-DM1 (24% 
vs. 50%, p = 0.045), suggesting safer gonadal toxicity profiles in anti-HER2 monotherapy 
compared to cytotoxic chemotherapy combination [23]. Also, in the additional analysis in the 
ALTTO trial, dual inhibition of anti-HER2 therapy by combination or sequential treatment did 
not result in an increased incidence of TRA compared to anti-HER2 monotherapy [24]. One 
study showed superior recovery of AMH levels in patients who were treated with chemotherapy 
and trastuzumab compared with those who were treated with chemotherapy only (57.1% vs. 
36.8%, p < 0.05) [25]. In the preclinical part of the study, the blood vessels of the ovary showed 
high expression of HER2, and it was hypothesized that the inhibition of HER2 may have 
protected from the potential gonadal toxicity mechanism of cytotoxic chemotherapy [25]. 
Collectively, the risk of TRA with anti-HER2 agents is relatively low.

Other targeted therapy
Cyclin dependent kinase 4/6 inhibitors are being researched in early breast cancer settings, 
but there is little data on the gonadal toxicity profiles. An exploratory analysis from the 
PENELOPE-B trial, a phase III trial on endocrine therapy with or without palbociclib in 
hormone receptor positive breast cancer, the levels of E2, FSH, and AMH were all similar 
between groups, and a similar proportion of patients had the premenopausal hormone levels 
at the end of treatment (48.7% in palbociclib arm and 47.7% in control arm, p = 0.863) [26].

Poly ADP-ribose polymerase (PARP) inhibitors are also used in the early and advanced 
breast cancer settings. Currently, there is no published data on the effect of PARP inhibitors 
on fertility in humans. In an experiment on BRCA wild-type mice, a combination of 
chemotherapy and olaparib significantly decreased primordial follicles by 36% compared to 
that without olaparib (p < 0.05) [27]. The result suggests potential gonadal toxicity of PARP 
inhibitors, and further preclinical and clinical studies are warranted.

Immunotherapy
Currently, immune checkpoint inhibitors in the neoadjuvant and metastatic setting are being 
used in clinical practice for breast cancer [6,28]. While data on the direct effect of immune 
checkpoint inhibitors on POI is scarce, immune checkpoint inhibitors may cause thyroiditis, 
adrenalitis, and hypophysitis [29], all of which may affect fertilization through impaired 
hypothalamic-pituitary-ovarian axis hormonal regulation. Appropriate hormone replacement 
would be necessary to maintain fertility in these cases, which require multidisciplinary 
management with specialists in endocrinology and reproductive medicine.

FERTILITY PRESERVATION STRATEGIES FOR YOUNG 
WOMEN WITH BREAST CANCER
To select the optimal method of fertility preservation, it is necessary to consider several 
factors, including the age of the patient, the severity of the disease, the cancer stage, the 
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urgency of immediate treatment, marital status, future pregnancy desire, and the maximum 
available interval between controlled ovarian stimulation (COS) and the initiation of cancer 
therapy. Currently, there are several options for fertility preservation. The decisions on 
whether to cryopreserve oocyte, embryo, or ovarian tissue and whether to use gonadotropin-
releasing hormone agonist (GnRHa) in addition to systemic therapy should be made after 
careful consideration of each patient’s situation, medical status, needs, and goals.

Oocyte and embryo cryopreservation
Embryo cryopreservation is typically performed on patients with a male partner; it is a 
technically stable method and provides a high chance of fertility for the patient. Oocyte 
cryopreservation is performed on patients without a male partner. With recent advances in 
cryopreservation technology, the outcomes of oocyte freezing are comparable to embryo 
cryopreservation. Both methods are clinically well-established and widely implemented in 
practice. During oocyte and embryo cryopreservation, COS is performed to maximize the 
number of cryopreserved oocytes or embryos for higher chances of conception. Usually, it 
takes 10 to 12 days to complete ovarian stimulation and oocyte retrieval. These procedures 
should be done before systemic anti-cancer therapy starts. To adequately inform the patients 
about available choices and minimize the delay in cancer therapy, it is crucial to refer them 
to a fertility preservation clinic as soon as possible. The optimal ovarian stimulation method 
is selected to obtain the maximum number of oocytes in a limited period. The optimal 
number of oocytes for cryopreservation has been the subject of discussion. The ovarian 
response to stimulation varies based on the patient’s age and ovarian reserve; however, the 
goal is to obtain 10 to 15 oocytes [30]. Most patients have only one to two chances of ovarian 
stimulation before cancer therapy; thus, choosing the best protocol for stimulation is critical. 
The most commonly used protocol is the GnRH antagonist protocol; it has a relatively short 
stimulation duration and a decreased risk of ovarian hyperstimulation syndrome (OHSS). 
The ovarian function of patients is initially evaluated with AMH levels, FSH levels, and antral 
follicle count (AFC). Based on these tests, the starting dose of gonadotropin for COS is 
determined. After administering gonadotropin, a GnRH antagonist is given appropriately to 
inhibit premature ovulation. Conventionally, when two to three follicles reach 17 to 18 mm 
in diameter, triggering medication such as human chorionic gonadotropin (hCG) and/or 
GnRHa for final maturation is given. In breast cancer patients, triggering criteria are usually 
modified as the largest follicle diameter reaches to 20 mm. Transvaginal ultrasound-guided 
oocyte retrieval is performed 34 to 36 hours after triggering. For both oocyte and embryo 
cryopreservation, the oocyte retrieval procedure is identical. For embryo cryopreservation, 
fertilization occurs in addition to the oocyte retrieval procedure. There has been much 
effort in attaining the maximal yield of oocytes in breast cancer patients undergoing 
fertility preservation by utilizing various clinical markers, including BRCA1/2 mutation 
status, hormone receptor status, and blood markers [31,32]. When a BRCA1/2 mutation is 
identified, the lifetime risk of developing ovarian cancer ranges from 10% to 50%. In these 
individuals, cryopreservation of oocytes or embryos is favored over ovarian tissue freezing. 
Preimplantation genetic testing may be considered for detecting BRCA1/2 mutational status 
in fertilized embryos [33].

There have been concerns about delayed chemotherapy due to the time required for oocyte 
cryopreservation. However, current evidence suggests that fertility-preserving procedures do 
not delay the time interval between surgery and chemotherapy [34]. Furthermore, random-
start ovarian stimulation did not delay the initiation of neoadjuvant chemotherapy [35].
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COS and oocyte retrieval are reasonably safe and convenient outpatient procedures that may 
be performed at a daycare unit. The complication risk is minimal but possible; among the 
probable consequences are intraperitoneal hemorrhage due to needle puncture and ascites 
from OHSS. In those with a high risk of developing OHSS, cabergoline or GnRH antagonists 
could be given for prevention. Even though OHSS occurs, cancer patients are at minimal risk 
for further progression since embryo transfer is not carried out directly afterward; symptoms 
usually regress spontaneously in a short time.

Pregnancy outcomes following the completion of cancer therapy are currently limited as 
cases are beginning to accumulate. When the pregnancy results of frozen embryo transfer in 
cancer survivors are compared to those of patients with tubal factor infertility, the cumulative 
pregnancy rate per transfer and cumulative live birth rate per transfer was similar between 
the two groups (37% vs. 43%, p = 0.49, and 30% vs. 32%, p = 0.85, respectively) [36]. Cobo 
et al. [37] reported pregnancy outcomes after oocyte cryopreservation of cancer patients (n 
= 80); in a fresh embryo transfer cycle, the clinical pregnancy rate per transfer was 41.4%, 
and the live birth rate was 31%. When the cryo-transfer of the surplus embryo cycle was 
included, the cumulative live birth rate per patient was 35.2%. The pregnancy outcomes 
of cancer survivors are not different from those of women who underwent elective fertility 
preservation. Further analysis of pregnancy outcomes from cancer survivors who return to 
use their cryopreserved oocytes or embryo and long-term follow-up analysis is necessary.

COS methods implemented in breast cancer patients
Random-start ovarian stimulation
In a conventional COS procedure, ovarian stimulation commences in the early follicular 
phase, just after the start of the menstrual cycle. However, as prompt initiation of cancer 
therapy is crucial, waiting for the onset of menstruation among cancer patients is unrealistic. 
The advent of the multiple waves theory, which states that recruitment of a group of follicles 
is done multiple times throughout a single menstrual cycle, enabled the initiation of 
ovarian stimulation at any time during the menstrual cycle [38]. This process is coined the 
random-start and luteal-phase ovarian stimulation regimen, which is distinguished from 
conventional stimulation. The development of the random-start method is a milestone in 
fertility preservation technology that enables fertility preservation in cancer patients without 
delay in cancer therapy. The pitfall of the random-start method, which is the difficulty of 
utero-ovarian synchronization and preparation for embryo transfer, is not a concern for 
cancer patients, as cryopreservation per se is the primary goal. Compared with conventional 
methods, the total dose of gonadotropin tends to be slightly higher, and the stimulation day 
of the cycle tends to be slightly longer in the random-start method. However, no difference 
in the total number of retrieved oocytes and mature oocytes was noted between the two 
methods [39,40]. Random-start ovarian stimulation, which shortens the interval between the 
start of COS and oocyte retrieval, works as a practical and feasible method for patients who 
have to undergo chemotherapy immediately.

Combination of an aromatase inhibitor for ovarian stimulation
Unlike other types of cancers, the hormone-dependent nature of breast cancer raises 
particular concern that supra-physiologic E2 levels caused by ovarian stimulation may 
negatively impact cancer progression and future prognosis. However, the combination 
of aromatase inhibitor (letrozole) during COS eliminates such a concern as it inhibits the 
rise of serum E2 levels. During COS, letrozole is administered 5 mg orally with the start of 
gonadotropin. It is given daily until the triggering day; after oocyte retrieval, letrozole is 
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continued for about a week until serum E2 levels fall below 50 pg/mL. With the letrozole 
combination method, exposure to high serum E2 levels decreases compared to the standard 
COS method, although the number of oocytes acquired remains similar. Also, compared to 
those who had not undergone any fertility preservation procedures, the recurrence risk of 
breast cancer and disease-free survival rates stayed similar, and this also held for patients 
with BRCA mutation [39,41-44].

Dual triggering
As the last step of the COS before oocyte retrieval, triggering is done for the final maturation 
of oocytes. As the triggering agents, either hCG, GnRHa, both of them at the same time 
(dual trigger), or both at the same time interval (double trigger), could be used. In one study 
comparing different triggering agents in breast cancer patients, the GnRHa trigger group 
showed a greater oocyte maturation rate, fertilization rate, and the number of cryopreserved 
embryos compared with the hCG trigger group, with a lower incidence of OHSS as well [45]. 
This may be attributed to the fact that GnRHa stimulates endogenous FSH and luteinizing 
hormone (LH) production, creating a more favorable physiological milieu for follicular 
growth than hCG alone as a triggering agent. However, the incidence of failure or suboptimal 
response rate after GnRHa triggering has been reported to be as high as 5.2%; risk factors for 
such failure may include low BMI or low endogenous serum LH [46,47]. In cancer patients, 
where the chances for fertility preservation are limited to very few, failure during the fertility 
preservation procedure may have detrimental consequences. Especially in breast cancer 
patients who routinely incorporate letrozole into COS procedure, there have been reports of 
a lower yield of mature oocytes or a decreased maturation rate compared to outcomes from 
the conventional COS cycle. To overcome such potential disadvantages, there were attempts 
to increase the maturation rate by the delayed triggering of follicles when they reach 20 mm, 
rather than the conventional 17–18 mm [48]. However, as the GnRHa trigger has a short 
half-life, possibility of failing to achieve the adequate triggering with suboptimal intrinsic 
LH surge exist [48]. Using both hCG and GnRHa for triggering could be considered in these 
patients. A recent retrospective study by Hong et al. [49] revealed that in patients diagnosed 
with breast and endometrial cancers undergoing COS for fertility preservation with the 
letrozole protocol, the dual trigger group had an increased number of mature oocytes 
compared to the recombinant hCG trigger group (6.9 ± 6.0 vs. 4.6 ± 3.6, p = 0.034). The rate 
of OHSS did not differ between the two groups. Thus, in breast cancer patients undergoing 
the letrozole protocol with a risk of poor maturation rate in retrieved oocytes or with a low 
expected oocyte yield due to diminished ovarian reserve, dual triggering could be considered 
an effective method of facilitating oocyte maturation.

Double stimulation
This method involves obtaining a high number of oocytes in a limited time by performing 
two cycles of COS within one menstrual cycle, each at the follicular and luteal phases. 
Originally introduced by Kuang et al. [50] in patients undergoing in vitro fertilization (IVF) 
and intracytoplasmic sperm injection, this method involves two oocyte retrieval processes. 
The initial oocyte retrieval is done following the first round of COS. The second round of 
COS begins immediately on the following day of oocyte retrieval, followed by the second 
oocyte retrieval. In other trials examining the efficacy of this approach, variations of the 
double stimulation regimen utilizing different types and doses of gonadotropin have been 
shown to be effective. The number of total oocytes, mature oocytes, and blastocysts in the 
first and second cycles was similar. More importantly, the number of total oocytes, mature 
oocytes, and embryos from the double stimulation method was greater than that from the 
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conventional cycle with a single stimulation [50-52]. Double stimulation could be a feasible 
method that maximizes oocyte yield. Suppose a sufficient number of oocytes have not 
been obtained and the time that remains before chemotherapy is not enough for another 
stimulation after menstruation, then, double stimulation could be an alternative.

Ovarian tissue cryopreservation (OTC)
OTC is a method of preserving ovarian tissue with cryopreservation technique without the 
ovarian stimulation process. This method is suitable for prepubertal girls or pre-menarchal 
adolescents diagnosed with malignancy and patients unable to undergo COS because of an 
urgent need for cancer therapy. Although clinical experiences worldwide are still limited, this 
is not considered an experimental method anymore, and it is being recognized as one of the 
clinically established methods for fertility preservation [53]. It has been proven technically 
feasible, as over 200 live births have been reported [54]. OTC is considered an ideal fertility 
preservation method because it can preserve fertility and hormonal production. Another 
advantage is that there is no delay in chemotherapy as the COS procedure is unnecessary. The 
downside of this procedure is that laparoscopic operations are necessary for ovarian tissue 
harvest for cryopreservation and transplantation. After treating the retrieved ovarian tissue 
with cryoprotectant, it is stored in liquid nitrogen using either a slow-freezing or vitrification 
technique. When the transplantation is decided, ovarian tissue is thawed and placed either 
back into a site within the pelvic cavity (orthotopic transplantation) or in another site 
(heterotopic transplantation) such as the abdominal wall or forearm. It has been reported 
that the pregnancy success rate following transplantation of cryopreserved ovarian tissue is 
26%, which includes both women who conceived naturally and those who conceived through 
IVF procedure [55]. It is essential to avoid cryoinjury during the freeze-thaw process and 
minimize ischemic injury during the transplantation procedure to enhance the viability of 
transplanted ovarian tissues and maximize pregnancy rates following transplantation [56].

Except for patients with metastatic cancers or patients with a very high risk of relapse, 
OTC in breast cancer patients is generally not a contraindication. There is no consensus 
on indications of OTC, and no specific guidelines have yet been established. However, 
performing OTC in patients over 45 years of age is discouraged since older patients have a 
relatively low follicular reserve, poor graft quality, and lower chances of pregnancy. Although 
the specific age of patients suitable for OTC is hard to specify, age range between 30 and 40 
years has been proposed as ideal. As there are individual variations, chronological age cannot 
serve as an absolute indicator for determining OTC; a personalized approach to evaluating 
the benefits and hazards of each patient’s circumstance is required.

In a review article by Fleury et al. [57], which analyzed 16 patients diagnosed with breast 
cancer who underwent OTC and ovarian tissue transplantation (OTT), the transplanted 
ovary began to function after 1 to 5 months. The grafted tissue maintained its function for as 
long as 15 months. Though variations in techniques for detecting malignant cells in tissues 
exist, tumor cells were not found in 272 breast cancer patients across seven studies where 
their ovarian tissues were cryopreserved [57]. However, a negative result from one fragment 
of cryopreserved tissues may not totally rule out metastasis in the entire ovarian tissue. A 
further confirmative study evaluating various combination methods for detecting cancer 
cells in fragments of cryopreserved ovarian tissues for maximizing sensitivity and specificity 
is warranted. There have been two reported breast cancer recurrences after ovarian tissue 
grafting, but it is hard to establish a causal relationship between OTT and breast cancer 
relapse [57]. The risk of cancer cell transmission through grafted ovarian tissue in breast 
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cancer patients is considered extremely low [58]. However, the incidence of OTT in breast 
cancer survivors is relatively scarce; nationwide data accumulation and analysis may aid in 
further validating the safety and feasibility of OTT after OTC. For a safer implementation of 
this method, further technical validations to rule out cancer cell seeding in grafted tissue are 
required. In this article, among 16 patients with breast cancer who underwent OTC and OTT, 
12 patients achieved pregnancy at least once, and 14 pregnancies occurred, including twin 
pregnancies (ten natural and four IVF pregnancies). Ultimately, 11 live births were reported 
[57]. Although limitations exist, it remains undisputed that OTC is a promising fertility 
preservation method in patients with breast cancer.

In vitro maturation (IVM)
IVM refers to a method of obtaining immature oocytes without COS and maturing 
them in vitro. Based on the multiple follicular wave concept, IVM is possible at any time 
during the menstrual cycle of cancer patients, including the luteal phase [59]. Successful 
cryopreservation of an average of seven oocytes and four embryos per patient in 38 breast 
cancer patients who underwent IVM without COS was reported [60]. Recent technological 
breakthroughs in IVM protocols and embryo culture technology have resulted in comparable 
pregnancy rates between IVM and conventional IVF in infertile patients [61]. However, only 
four cases of live births have been reported through the IVM protocol [62]. The pregnancy 
rate using IVM protocols in fertility preservation is lower than for established embryo 
and oocyte cryopreservation methods; thus, it is still considered experimental. In a study 
that compared outcomes of 19 cycles of IVF with 14 cycles of IVM for fertility preservation 
purposes, no significant differences between the two methods were noted in terms of 
clinical pregnancy rate per embryo transfer and live births per embryo transfer (36.8% vs. 
14.3%, p = 0.15; 31.6% vs. 7.1%, p = 0.09, respectively) [62]. However, a small sample size 
for comparison precludes concluding that both methods are equally effective. For IVM to be 
implemented and used widely as an established method for fertility preservation, further 
studies with larger populations and long-term follow-up are required.

Ovarian suppression with GnRH analogue
GnRHa could be administered before and during chemotherapy to protect ovarian function 
by inhibiting the circulating levels of gonadotropins (FSH and LH). The precise mechanisms 
of the protective role of GnRHa on ovarian function are not known. Some suggested 
mechanisms are that GnRHa mimic a low-gonadotropic environment in pre-pubertal girls 
and act directly on primordial and primary follicles to protect them.

Two representative randomized controlled trials (RCTs) that investigated the protective effect 
of GnRHa, namely Final Analysis of the Prevention of Early Menopause Study (POEMS)-
SWOGS0230 study and Prevention of Menopause Induced by Chemotherapy (PROMISE)-A 
Study in Early Breast Cancer Patients-Gruppo Italiano Mammella 6 (GIM6) study, both 
demonstrated that the addition of GnRHa to chemotherapy prevents ovarian insufficiency 
compared to receiving only chemotherapy and yields a higher pregnancy rate [63-66]. Similar 
results were reported in a meta-analysis that analyzed subsequent RCTs investigating the 
protective role of the GnRHa [67]. Based on these results, combining a GnRHa during 
chemotherapy in pre-menopausal early-stage breast cancers is suggested as a feasible 
fertility-preserving option, which lowers the probability of premature ovarian failure.

However, the primary outcome of most clinical studies was chemotherapy-related 
amenorrhea, not fertility-related measures [63-66]. GnRHa therapy cannot be used as a 
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substitute for the currently established fertility preserving method because the degree of 
protection by GnRHa vary depending on each individual, and this cannot be readily predicted. 
Furthermore, damage to ovarian reserve is irreversible once an insult occurs. The American 
Society for Reproductive Medicine (ASRM) and European Society of Human Reproduction 
and Embryology (ESHRE) also recommend GnRHa treatment as a corollary option along with 
other fertility preserving methods, or an alternative, if other measures are all contraindicated. 
Moreover, GnRHa treatment cannot be recommended as an equally effective method 
compared to other options such as embryo and oocyte cryopreservation [68,69]. According 
to ASCO guidelines, GnRHa therapy is recommended when other established fertility 
preservation methods cannot be implemented in young breast cancer patients [5].

Fertility preservation strategies: conclusion
Breast cancer survivors who become pregnant after cancer treatment have 41% reduced 
mortality risk compared to those who did not become pregnant; this implies that pregnancy 
does not negatively impact the prognosis of breast cancer [70]. Therefore, fertility 
preservation for breast cancer patients must be considered, and breast cancer survivors should 
not be deprived of the opportunity to become pregnant owing to a lack of understanding 
and a vague fear of fertility-preserving treatments. Fertility preservation before cancer 
treatment should be strongly encouraged, considering the fast-developing rate of oncologic 
treatments, survival rates that are constantly improving, and increased demand for a better 
quality of life after breast cancer treatment. Still, there are barriers, including those related to 
the physician, patient, and medical environment including economic support; therefore, we 
should prioritize eliminating barriers and facilitating shared decision with a multidisciplinary 
team for appropriate future life decisions. Providing patients with adequate information on 
fertility preservation at the right time is crucial. An early referral to a fertility specialist in a 
gynecological clinic serves as the key step to the success of fertility preservation.

ONCOFERTILITY STRATEGIES

Oncofertility is a term that refers to urgent and unmet need of young patients with cancer 
who are candidates for receiving life-saving but fertility-threatening therapies. Oncofertility 
counseling represents a crucial step to informing patients with cancer of the risk of developing 
treatment-induced premature ovarian failure and infertility, based on the proposed anticancer 
therapies, and involves the presentation of different available options to preserve ovarian 
function and fertility through discussion of the pros and cons of each option [71].

However, breast cancer patients have a lower birth rate than other cancer patients as well as 
the general population [72]. Younger patients with breast cancer often have more biologically 
aggressive tumor characteristics than older patients and tend to receive more chemotherapy 
and a longer duration of endocrine therapy [73]. Breast cancer treatment can affect fertility 
directly via gonadotoxic chemotherapy and indirectly through an age-related decline in 
the ovarian reserve as patients complete their therapy [74-77]. For patients with hormone 
receptor positive tumors, standard endocrine therapy requires tamoxifen for at least 5 or even 
10 years and/or 2 to 5 years of ovarian suppression [78]. Due to the long treatment period, 
fertility rates will be decreased with increasing age of patients after completion of treatment 
[79]. The negative impact of anticancer therapies on gonadal function and the success rate 
of available fertility preservation options are strongly linked to the patient’s age and gonadal 
reserve. The risk of treatment-related infertility can be difficult to estimate because of limited 
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available data. It is important to consider the risk in patients; and providers should be careful 
not to over or under-estimate the risk of treatment-related ovarian failure and infertility and 
the risk of breast cancer for individuals.

More than 50% of patients with breast cancer of childbearing age have concerns about 
treatment-related early menopause or infertility [80]. These fertility concerns can also lead 
to problems with treatment adherence [4], and unplanned non-adherence is related to low 
survival rates [81]. In some patients with very low risk of relapse, forgoing treatment or 
reducing the duration of endocrine treatment may be the alternative option. However, this 
option should include an oncofertility plan before starting treatment.

BARRIERS TO FERTILITY PRESERVATION TREATMENT

Over the past years, growing attention has been given to maintaining fertility and future 
reproductive potential in young women with cancer [71]. Despite developing a special 
program to support clinicians in oncofertility counseling [82,83], several barriers to 
discussing these issues result in subsequent limited access to fertility preservation 
procedures and a low percentage of breast cancer survivors who achieve a pregnancy [71].

Physician’s barriers
Partridge et al. [80] reported that 27% of patients discussed fertility issues with their 
physician while 81% did not discuss with a specialist. Female doctors and physicians with 
sufficient knowledge scores and favorable attitudes toward fertility preservation, intend 
to discuss more and do more consultation and referrals [84]. A survey study for medical 
oncologists in the United States was conducted among those that were willing to participate 
in the open POSITIVE trial, which is a single-arm prospective cohort study for women 
with breast cancer who wanted to get pregnant and among whom antihormonal therapy 
was interrupted in an attempt to get pregnant [85,86]. It means that the oncologist who 
participated in this survey had a positive attitude toward fertility. Therefore almost 98% 
of them answered that they discussed future fertility with patients and referred them to 
specialists. However, even though the oncologist had a positive attitude toward fertility 
preservation, 27% of the patients did not want to discuss fertility preservation, 47% 
mentioned issues with the cost of the procedure, and 26% were concerned about the risk 
of recurrence. More importantly, 77% still consider that breast cancer treatment is more 
important than fertility preservation, and 58% responded that patients with poor prognoses 
should not pursue fertility preservation [86]. Cioffi et al. [87] reported that stage and grade 
of breast cancer do not impact the number of retrieved mature oocytes, but a higher grade 
of breast cancer is associated with lower AFC at baseline and the need for a higher dose of 
gonadotropin during ovarian stimulation [88]. Therefore, discussion of fertility preservation 
should allow appropriate time for reflection, in trying to eliminate physician’s prejudice 
including on age, ovarian reserve, and risk of breast cancer.

Approximately 5%–10% of breast cancer cases are related to hereditary conditions. In more 
than 80% of hereditary breast tumors, the responsible genetic abnormality is a germline 
deleterious mutation in the breast cancer susceptibility genes, BRCA1 or BRCA2 [89]. In BRCA-
mutation carriers, breast cancer often occurs during the reproductive age, while ovarian cancer 
is very rare before the age of 40–45 years [90]. Identifying a deleterious BRCA mutation plays a 
relevant role in hereditary cancer prevention, diagnosis, and treatment with possible impact on 
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these women’s reproductive potential. Although for the majority of young women with breast 
cancer, the information on the BRCA mutational status is not known during the oncofertility 
counseling and at the time of diagnosis; however, most of them are nowadays candidates to 
undergo genetic testing [91]. Despite the availability of growing evidence regarding counselling 
of young women with breast cancer on the safety and efficacy of different strategies for 
fertility preservation as well as the feasibility of having a pregnancy after diagnosis, numerous 
challenges persist for patients with BRCA mutations due to both their specific needs and the 
lack of data on these topics. Whenever available and allowed by national laws and regulations, 
egg donation and surrogacy represent other potential options for breast cancer patients 
including those with BRCA mutation. Reproduction studies to address the specific issues of 
BRCA-mutated breast cancer patients, including the impact of the mutation on their fertility 
potential, the safety and efficacy of the different strategies for fertility preservation, and the 
feasibility of having a pregnancy after diagnosis, should be considered a research priority with 
the final goal to improve the oncofertility counseling of these patients [92].

Patients’ barriers
Fertility information is a well-known unmet need among young adult cancer survivors [93]. 
In addition to the lack of information, decisional conflicts about family planning (FP) arise 
in complex decision-making processes [94]. The prevalence of high decisional conflict was 
significantly higher in participants not referred for FP counseling [95]. Therefore, providing 
necessary information through appropriate referral to reproductive specialists is important 
in survivorship care of patients in the reproductive age. Treatment delay and oncologic 
outcomes regarding fertility preservation procedures and pregnancy after cancer are major 
concerns for patients considering oncofertility decision-making. Shin et al. [96] reported 
that 44% of patients did not want treatment delay for fertility preservation procedure and 
33% of patients only allowed 1 or 2 weeks of treatment delay for the procedure. Therefore, 
health care providers providing care for young women with breast cancer including medical 
and surgical oncologists should address the possibility of infertility and ovarian dysfunction 
as early as possible before treatment start [5].

Increasingly, individuals with cancer are being required to pay a larger proportion of costs 
according to the national support and insurance coverage. Higher patient costs have been 
shown to be a barrier to initiating and adhering to the recommended treatment [5,86]. 
Considering that breast cancer is the most common cancer in childbearing age, and 
pregnancy rate in young women with breast cancer is low compared with those of women 
with other cancers, an economic barrier to fertility preservation procedure in young women 
with breast cancer is a priority to help in patient’s decision-making.

Supportive system
In the clinical setting, time constraints are the most frequently reported barriers in FP 
discussion. This problem has been previously reported in a Korean study, where patients’ 
lack of interest in FP was also reported as a significant part of the barriers [97]. However, the 
percentage reported for patients that did not want to discuss FP was the lowest (11.2%) of all 
survey items regarding barriers in our study. Barriers such as time constraints, lack of people 
to consult with, and poor collaboration with reproductive specialists are systematic barriers 
that individual physicians’ efforts cannot resolve. Kelvin et al. [82] reported that hospital-level 
cancer and fertility programs resulted in significant improvements in patient satisfaction and 
helpfulness of information about treatment-related fertility risks and FP options. Therefore, 
support and establishing programs at the hospital and national level will be needed to overcome 
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obstacles and improve fertility-related practices. The study conducted in Japan showed that 
major barriers to fertility preservation counseling include the risk of recurrence and the medical 
environment including collaborating with specialists and time constraints [98].

To overcome time constraints and ensure proper counseling, educational material may be 
helpful in discussing fertility. [99] Shin et al. [96] reported that about half of young women 
with breast cancer were unaware of the effects of anticancer treatment on ovarian function and 
fertility, but after viewing educational videos provided by health care professionals, only 2% 
of patients answered that they had no knowledge. Several FP decision aids for patients with 
breast cancer have been developed and systemized, and their effectiveness has been proven 
[82,100]. Therefore, such standardized educational materials and decision aids for FP should 
be developed and distributed to improve current FP practices. During treatment decision-
making for women who are interested in future fertility, it is also crucial to counsel individual 
patients. A multidisciplinary team including oncology and fertility specialist to improve the 
referral rates of interested patients for fertility preservation treatment is warranted [101].

PREGNANCY AFTER BREAST CANCER

Around 4.2% of patients become pregnant after treatment of breast cancer [102]. In a meta-
analysis comparing patients with breast cancer with the general population, breast cancer 
survivors were less likely to become pregnant (relative risk, 0.40) [102]. However, the lower 
pregnancy rate in breast cancer survivors would partly be attributed to the limited fertility 
window during treatment as well as concerns regarding adverse reproductive outcomes after 
exposure to chemotherapeutic agents [102,103].

Theoretically, the high estrogen status throughout pregnancy raises concerns about cancer 
relapse, especially in the hormone receptor-positive breast cancer [11,102]. However, patients 
with breast cancer who subsequently became pregnant had significantly better disease-free 
survival (hazard ratio, 0.66) and overall survival (hazard ratio, 0.56) compared to patients 
who did not, even after correcting for potential confounders, including patient, tumor, 
and treatment characteristics, pregnancy outcome, and timing of pregnancy [102]. This 
observation could be attributed to healthy patient bias [102], but there are also some reports 
indicating that high levels of estriol, the main component of estrogen during pregnancy, 
may potentially wash out the effect of E2 and estrone on the development of breast cancer 
[104]. Nevertheless, patients who wish to conceive are recommended to continue using anti-
estrogen treatment for at least two years with monitoring of disease recurrence [105]. After 
confirming that there is no evidence of disease after two years, patients may discontinue the 
anti-estrogen treatment and try conception. In addition, since tamoxifen is a teratogen, it is 
recommended that women who are trying to conceive should discontinue tamoxifen for at 
least three months before attempting pregnancy [103]. Currently, there is an ongoing clinical 
trial (POSITIVE trial) investigating the impact of temporary endocrine therapy interruption 
to allow for pregnancy and confirm the safety of pregnancy in breast cancer survivors [85].

The obstetric complication can also be of concern. In the meta-analysis, the breast cancer 
survivors showed a significantly higher risk of cesarean section (OR, 1.14), low birth weight 
(OR, 1.50), preterm birth (OR, 1.45), and small for gestational age (OR, 1.16) [102]. However, 
there were no differences in all other obstetric complications and congenital abnormalities in 
the child [102].
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In brief, current data support that pregnancy after breast cancer can be considered safe. Even 
though a multidisciplinary approach to the management of pregnant breast cancer survivors 
is warranted to achieve the best outcome for these patients.

COMMUNICATING AND DISCUSSING WITH PATIENTS IN 
DECISION-MAKING
Even though many cancer patients express interest in parenthood, fertility preservation 
remains relatively scarce [106]. While patients are often unaware of treatment-related 
infertility, healthcare professionals have insufficient information about fertility issues to 
provide to breast cancer patients due to low levels of knowledge [94] and unmet needs 
[93,107]. Physicians also are under pressure and have competing priorities, as well as issues 
related to reimbursement and collaborative multidisciplinary approaches, which can lead 
to poor patient-oncologist fertility discussions and delays in referrals [108]. Therefore, 
it is necessary to improve fertility preservation counseling and clarify what women with 
cancer consider when making fertility-related decisions. To assist with treatment decision-
making, decision aids (educational materials) can be provided to patients who want more 
information [109]. These interventions increase knowledge and decrease decisional conflict 
without increasing anxiety [110]. Studies have shown that psychosocial interventions, 
mostly cognitive behavioral in nature, reduce distress associated with fertility in the general 
population [111]. However, cancer patients may face stressful situations, including time 
pressure, to decide whether to preserve fertility, as well as disease-related distress and 
worries about their suitability for long-term parenthood.

In order to make a fertility decision, participants must consider their values and preferences 
about having a child. In one study about the decision-making of fertility preservation, 
the authors defined certainty factors including information or emotional support, and 
uncertainty factors including time constraints, recurrence risk, labeling, and unmet needs 
[112]. By receiving the information that they could use to preserve their fertility, healthcare 
professionals may provide patients with certainty information. Moreover, emotional support 
from parents and peers helps them to make decisions with greater certainty. Despite this, 
patients may experience uncertainty when making a decision. Cancer patients feel that they 
do not have sufficient time to decide on fertility preservation before cancer treatment. The 
risk of recurrence also makes them reluctant to decide on fertility preservation. Additionally, 
they may think that they are viewed as typical cancer patients. The patients have many 
unmet needs and have to make a decision regardless of their lack of understanding about 
fertility treatment phases and schedules and the risks of cancer therapy and recurrence. This 
decision-making model showed us that healthcare professionals should provide fertility 
preservation counseling and timely information, to make participants feel satisfied and 
confident. Furthermore, since many women with cancer have difficulty verbalizing concerns 
and asking targeted questions, interventions aimed at improving patients’ comprehension of 
fertility preservation and their sense of support should be considered [113,114].

Furthermore, communication between physicians, patients, and their families regarding 
fertility preservation is hindered by various barriers, and Jona et al. [115] discussed the 
barriers. First, the time frame. After a cancer diagnosis, many patients and healthcare 
professionals are anxious to begin cancer treatment, and fertility preservation discussions 
are forgotten or only discussed in a short time. Second, the cost. Costs associated with 
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fertility preservation are significant, such as cryopreservation, which can cost hundreds to 
thousands of dollars per year in out-of-pocket storage fees. The result is that some healthcare 
professionals prevent cancer patients who clearly cannot afford fertility preservation from 
discussing the procedure, citing ethical dilemmas involved in offering something that they are 
able to afford. Third, patient characteristics. It might be important to consider the patient’s 
age, the number of children she has, and the stage of cancer development when considering 
fertility preservation. Fourth, healthcare professionals’ role. Healthcare providers are often 
unaware of information resources concerning fertility preservation and do not provide them 
to patients. In addition, some oncologists or surgeons may be reluctant to discuss it because 
they think it falls outside their scope of practice [116] and assume other professionals such as 
reproductive endocrinologists, obstetricians, and gynecologists should discuss it.

A multidisciplinary team including oncologist, surgeon, endocrinologist, gynecologist, 
or psychiatrist is appropriate for a better discussion. Specialists in each area can provide 
the patients with the best information to help them make the best decision for fertility 
preservation. In particular, psychiatric interviews may be used to assess their level of 
psychological distress and psychiatric symptoms and investigate the more complex 
emotional meanings behind their decisions. The patient will also have the opportunity to 
express her emotion.

CONCLUSION

Breast cancer survivors who become pregnant after cancer treatment have 41% reduced 
mortality risk compared to those who do not; this implies that pregnancy does not negatively 
impact the prognosis of breast cancer [70]. Therefore, fertility preservation for breast cancer 
patients must be considered, and breast cancer survivors should not be deprived of the 
chance to become pregnant owing to a lack of understanding and a vague fear of fertility-
preserving treatments. Fertility preservation before cancer treatment should be strongly 
encouraged, considering the fast-developing rate of oncologic treatments, survival rates that 
are constantly improving, and increased demand for a better quality of life after breast cancer 
treatment. Still, there are barriers, including physician, patient, and medical environment 
and economic support. Therefore, we should prioritize eliminating barriers and the making 
of a shared decision-making with a multidisciplinary team for appropriate future life 
decisions. Providing patients with adequate information on fertility preservation at the right 
time is crucial. An early referral to a fertility specialist in a gynecological clinic serves as key 
to the success of fertility preservation.

REFERENCES

	 1.	 The Korean National Ministry of Health and Welfare. 2021. National Cancer Registry Statistics 2019. 
https://www.mohw.go.kr/react/al/sal0301vw.jsp?PAR_MENU_ID=04&MENU_ID=0403&CONT_
SEQ=369164. Accessed December 29th, 2021.

	 2.	 Assi J, Santos J, Bonetti T, Serafini PC, Motta EL, Chehin MB. Psychosocial benefits of fertility 
preservation for young cancer patients. J Assist Reprod Genet 2018;35:601-6. 
PUBMED | CROSSREF

	 3.	 Schover LR, Rybicki LA, Martin BA, Bringelsen KA. Having children after cancer. A pilot survey of 
survivors’ attitudes and experiences. Cancer 1999;86:697-709. 
PUBMED | CROSSREF

235

Fertility Preservation in Young Women With Breast Cancer

https://doi.org/10.4048/jbc.2023.26.e28https://ejbc.kr

http://www.ncbi.nlm.nih.gov/pubmed/29435699
https://doi.org/10.1007/s10815-018-1131-7
http://www.ncbi.nlm.nih.gov/pubmed/10440699
https://doi.org/10.1002/(SICI)1097-0142(19990815)86:4<697::AID-CNCR20>3.0.CO;2-J


	 4.	 Llarena NC, Estevez SL, Tucker SL, Jeruss JS. Impact of fertility concerns on tamoxifen initiation and 
persistence. J Natl Cancer Inst 2015;107:djv202. 
PUBMED | CROSSREF

	 5.	 Oktay K, Harvey BE, Partridge AH, Quinn GP, Reinecke J, Taylor HS, et al. Fertility preservation in 
patients with cancer: ASCO clinical practice guideline update. J Clin Oncol 2018;36:1994-2001. 
PUBMED | CROSSREF

	 6.	 Gradishar WJ, Moran MS, Abraham J, Aft R, Agnese D, Allison KH, et al. Breast cancer, version 3.2022, 
NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw 2022;20:691-722. 
PUBMED | CROSSREF

	 7.	 Meng K, Tian W, Zhou M, Chen H, Deng Y. Impact of chemotherapy-induced amenorrhea in breast cancer 
patients: the evaluation of ovarian function by menstrual history and hormonal levels. World J Surg Oncol 
2013;11:101. 
PUBMED | CROSSREF

	 8.	 Poorvu PD, Hu J, Zheng Y, Gelber SI, Ruddy KJ, Tamimi RM, et al. Treatment-related amenorrhea in a 
modern, prospective cohort study of young women with breast cancer. NPJ Breast Cancer 2021;7:99. 
PUBMED | CROSSREF

	 9.	 Jacobson MH, Mertens AC, Spencer JB, Manatunga AK, Howards PP. Menses resumption after cancer 
treatment-induced amenorrhea occurs early or not at all. Fertil Steril 2016;105:765-772.e4. 
PUBMED | CROSSREF

	10.	 Martelli V, Latocca MM, Ruelle T, Perachino M, Arecco L, Beshiri K, et al. Comparing the gonadotoxicity 
of multiple breast cancer regimens: important understanding for managing breast cancer in pre-
menopausal women. Breast Cancer (Dove Med Press) 2021;13:341-51. 
PUBMED | CROSSREF

	11.	 Razeti MG, Spinaci S, Spagnolo F, Massarotti C, Lambertini M. How I perform fertility preservation in 
breast cancer patients. ESMO Open 2021;6:100112. 
PUBMED | CROSSREF

	12.	 Vuković P, Peccatori FA, Massarotti C, Miralles MS, Beketić-Orešković L, Lambertini M. Preimplantation 
genetic testing for carriers of BRCA1/2 pathogenic variants. Crit Rev Oncol Hematol 2021;157:103201. 
PUBMED | CROSSREF

	13.	 Turan V, Oktay K. BRCA-related ATM-mediated DNA double-strand break repair and ovarian aging. Hum 
Reprod Update 2020;26:43-57. 
PUBMED | CROSSREF

	14.	 Oktay K, Turan V, Titus S, Stobezki R, Liu L. BRCA mutations, DNA repair deficiency, and ovarian aging. 
Biol Reprod 2015;93:67. 
PUBMED | CROSSREF

	15.	 Lambertini M, Goldrat O, Ferreira AR, Dechene J, Azim HA Jr, Desir J, et al. Reproductive potential and 
performance of fertility preservation strategies in BRCA-mutated breast cancer patients. Ann Oncol 
2018;29:237-43. 
PUBMED | CROSSREF

	16.	 Valentini A, Finch A, Lubinski J, Byrski T, Ghadirian P, Kim-Sing C, et al. Chemotherapy-induced 
amenorrhea in patients with breast cancer with a BRCA1 or BRCA2 mutation. J Clin Oncol 2013;31:3914-9. 
PUBMED | CROSSREF

	17.	 Lambertini M, Olympios N, Lequesne J, Calbrix C, Fontanilles M, Loeb A, et al. Impact of taxanes, 
endocrine therapy, and deleterious germline BRCA mutations on anti-Müllerian hormone levels in early 
breast cancer patients treated with anthracycline- and cyclophosphamide-based chemotherapy. Front 
Oncol 2019;9:575. 
PUBMED | CROSSREF

	18.	 Zhao J, Liu J, Chen K, Li S, Wang Y, Yang Y, et al. What lies behind chemotherapy-induced amenorrhea for 
breast cancer patients: a meta-analysis. Breast Cancer Res Treat 2014;145:113-28. 
PUBMED | CROSSREF

	19.	 Peigné M, Decanter C. Serum AMH level as a marker of acute and long-term effects of chemotherapy on 
the ovarian follicular content: a systematic review. Reprod Biol Endocrinol 2014;12:26. 
PUBMED | CROSSREF

	20.	 Ejlertsen B, Tuxen MK, Jakobsen EH, Jensen MB, Knoop AS, Højris I, et al. Adjuvant cyclophosphamide 
and docetaxel with or without epirubicin for early TOP2A-normal breast cancer: DBCG 07-READ, an 
open-label, phase III, randomized trial. J Clin Oncol 2017;35:2639-46. 
PUBMED | CROSSREF

	21.	 Lambertini M, Ceppi M, Cognetti F, Cavazzini G, De Laurentiis M, De Placido S, et al. Dose-dense 
adjuvant chemotherapy in premenopausal breast cancer patients: a pooled analysis of the MIG1 and GIM2 
phase III studies. Eur J Cancer 2017;71:34-42. 
PUBMED | CROSSREF

236

Fertility Preservation in Young Women With Breast Cancer

https://doi.org/10.4048/jbc.2023.26.e28https://ejbc.kr

http://www.ncbi.nlm.nih.gov/pubmed/26307641
https://doi.org/10.1093/jnci/djv202
http://www.ncbi.nlm.nih.gov/pubmed/29620997
https://doi.org/10.1200/JCO.2018.78.1914
http://www.ncbi.nlm.nih.gov/pubmed/35714673
https://doi.org/10.6004/jnccn.2022.0030
http://www.ncbi.nlm.nih.gov/pubmed/23688389
https://doi.org/10.1186/1477-7819-11-101
http://www.ncbi.nlm.nih.gov/pubmed/34315890
https://doi.org/10.1038/s41523-021-00307-8
http://www.ncbi.nlm.nih.gov/pubmed/26658130
https://doi.org/10.1016/j.fertnstert.2015.11.020
http://www.ncbi.nlm.nih.gov/pubmed/34079366
https://doi.org/10.2147/BCTT.S274283
http://www.ncbi.nlm.nih.gov/pubmed/33887685
https://doi.org/10.1016/j.esmoop.2021.100112
http://www.ncbi.nlm.nih.gov/pubmed/33333149
https://doi.org/10.1016/j.critrevonc.2020.103201
http://www.ncbi.nlm.nih.gov/pubmed/31822904
https://doi.org/10.1093/humupd/dmz043
http://www.ncbi.nlm.nih.gov/pubmed/26224004
https://doi.org/10.1095/biolreprod.115.132290
http://www.ncbi.nlm.nih.gov/pubmed/29045555
https://doi.org/10.1093/annonc/mdx639
http://www.ncbi.nlm.nih.gov/pubmed/23980083
https://doi.org/10.1200/JCO.2012.47.7893
http://www.ncbi.nlm.nih.gov/pubmed/31355134
https://doi.org/10.3389/fonc.2019.00575
http://www.ncbi.nlm.nih.gov/pubmed/24671358
https://doi.org/10.1007/s10549-014-2914-x
http://www.ncbi.nlm.nih.gov/pubmed/24666685
https://doi.org/10.1186/1477-7827-12-26
http://www.ncbi.nlm.nih.gov/pubmed/28661759
https://doi.org/10.1200/JCO.2017.72.3494
http://www.ncbi.nlm.nih.gov/pubmed/27951450
https://doi.org/10.1016/j.ejca.2016.10.030


	22.	 Kim HJ, Noh WC, Nam SJ, Park BW, Lee ES, Im SA, et al. Five-year changes in ovarian function restoration 
in premenopausal patients with breast cancer taking tamoxifen after chemotherapy: an ASTRRA study 
report. Eur J Cancer 2021;151:190-200. 
PUBMED | CROSSREF

	23.	 Ruddy KJ, Zheng Y, Tayob N, Hu J, Dang CT, Yardley DA, et al. Chemotherapy-related amenorrhea 
(CRA) after adjuvant ado-trastuzumab emtansine (T-DM1) compared to paclitaxel in combination with 
trastuzumab (TH) (TBCRC033: ATEMPT Trial). Breast Cancer Res Treat 2021;189:103-10. 
PUBMED | CROSSREF

	24.	 Lambertini M, Campbell C, Bines J, Korde LA, Izquierdo M, Fumagalli D, et al. Adjuvant anti-HER2 
therapy, treatment-related amenorrhea, and survival in premenopausal HER2-positive early breast cancer 
patients. J Natl Cancer Inst 2019;111:86-94. 
PUBMED | CROSSREF

	25.	 Levi M, Goshen-Lago T, Yerushalmi R, Granot T, Stemmer SM, Shalgi R, et al. Anti-HER2/neu antibody 
reduces chemotherapy-induced ovarian toxicity-from bench to bedside. Biomedicines 2020;8:577. 
PUBMED | CROSSREF

	26.	 Furlanetto J, Marmé F, Thode C, Nekljudova V, Liu Y, Jimenez MM, et al. 60MO Ovarian function in young 
patients (pts) treated with postneoadjuvant palbociclib (PAL) and endocrine therapy (ET) for hormone 
receptor (HR)-positive, HER2-negative early breast cancer (BC): explorative analysis in penelope-B. Ann 
Oncol 2022;33:S149-50. 
CROSSREF

	27.	 Winship AL, Griffiths M, Lliberos Requesens C, Sarma U, Phillips KA, Hutt KJ. The PARP inhibitor, 
olaparib, depletes the ovarian reserve in mice: implications for fertility preservation. Hum Reprod 
2020;35:1864-74. 
PUBMED | CROSSREF

	28.	 Schmid P, Cortes J, Pusztai L, McArthur H, Kümmel S, Bergh J, et al. Pembrolizumab for early triple-
negative breast cancer. N Engl J Med 2020;382:810-21. 
PUBMED | CROSSREF

	29.	 Wright JJ, Powers AC, Johnson DB. Endocrine toxicities of immune checkpoint inhibitors. Nat Rev 
Endocrinol 2021;17:389-99. 
PUBMED | CROSSREF

	30.	 Cobo A, García-Velasco JA, Coello A, Domingo J, Pellicer A, Remohí J. Oocyte vitrification as an efficient 
option for elective fertility preservation. Fertil Steril 2016;105:755-764.e8. 
PUBMED | CROSSREF

	31.	 Kim SW, Kim TH, Han JY, Kim SK, Lee JR, Jee UC, et al. Impact of BRCA mutations and hormone 
receptor status on reproductive potential in breast cancer patients undergoing fertility preservation. 
Gynecol Endocrinol 2022;38:227-30. 
PUBMED | CROSSREF

	32.	 Hong YH, Kim SK, Lee JR, Suh CS. Utility of blood markers for predicting outcomes of fertility 
preservation in patients with breast cancer. Front Endocrinol (Lausanne) 2022;13:803803. 
PUBMED | CROSSREF

	33.	 Lipton JH, Zargar M, Warner E, Greenblatt EE, Lee E, Chan KK, et al. Cost effectiveness of in vitro 
fertilisation and preimplantation genetic testing to prevent transmission of BRCA1/2 mutations. Hum 
Reprod 2020;35:434-45. 
PUBMED | CROSSREF

	34.	 Baynosa J, Westphal LM, Madrigrano A, Wapnir I. Timing of breast cancer treatments with oocyte 
retrieval and embryo cryopreservation. J Am Coll Surg 2009;209:603-7. 
PUBMED | CROSSREF

	35.	 Letourneau JM, Sinha N, Wald K, Harris E, Quinn M, Imbar T, et al. Random start ovarian stimulation for 
fertility preservation appears unlikely to delay initiation of neoadjuvant chemotherapy for breast cancer. 
Hum Reprod 2017;32:2123-9. 
PUBMED | CROSSREF

	36.	 Cardozo ER, Thomson AP, Karmon AE, Dickinson KA, Wright DL, Sabatini ME. Ovarian stimulation 
and in-vitro fertilization outcomes of cancer patients undergoing fertility preservation compared to age 
matched controls: a 17-year experience. J Assist Reprod Genet 2015;32:587-96. 
PUBMED | CROSSREF

	37.	 Cobo A, García-Velasco J, Domingo J, Pellicer A, Remohí J. Elective and onco-fertility preservation: 
factors related to IVF outcomes. Hum Reprod 2018;33:2222-31. 
PUBMED | CROSSREF

	38.	 Baerwald A, Pierson R. Ovarian follicular waves during the menstrual cycle: physiologic insights into 
novel approaches for ovarian stimulation. Fertil Steril 2020;114:443-57. 
PUBMED | CROSSREF

237

Fertility Preservation in Young Women With Breast Cancer

https://doi.org/10.4048/jbc.2023.26.e28https://ejbc.kr

http://www.ncbi.nlm.nih.gov/pubmed/34010788
https://doi.org/10.1016/j.ejca.2021.03.017
http://www.ncbi.nlm.nih.gov/pubmed/34120223
https://doi.org/10.1007/s10549-021-06267-8
http://www.ncbi.nlm.nih.gov/pubmed/29878225
https://doi.org/10.1093/jnci/djy094
http://www.ncbi.nlm.nih.gov/pubmed/33297351
https://doi.org/10.3390/biomedicines8120577
https://doi.org/10.1016/j.annonc.2022.03.076
http://www.ncbi.nlm.nih.gov/pubmed/32604417
https://doi.org/10.1093/humrep/deaa128
http://www.ncbi.nlm.nih.gov/pubmed/32101663
https://doi.org/10.1056/NEJMoa1910549
http://www.ncbi.nlm.nih.gov/pubmed/33875857
https://doi.org/10.1038/s41574-021-00484-3
http://www.ncbi.nlm.nih.gov/pubmed/26688429
https://doi.org/10.1016/j.fertnstert.2015.11.027
http://www.ncbi.nlm.nih.gov/pubmed/34775902
https://doi.org/10.1080/09513590.2021.2002294
http://www.ncbi.nlm.nih.gov/pubmed/35282444
https://doi.org/10.3389/fendo.2022.803803
http://www.ncbi.nlm.nih.gov/pubmed/32099994
https://doi.org/10.1093/humrep/dez203
http://www.ncbi.nlm.nih.gov/pubmed/19854400
https://doi.org/10.1016/j.jamcollsurg.2009.08.006
http://www.ncbi.nlm.nih.gov/pubmed/28938748
https://doi.org/10.1093/humrep/dex276
http://www.ncbi.nlm.nih.gov/pubmed/25595540
https://doi.org/10.1007/s10815-015-0428-z
http://www.ncbi.nlm.nih.gov/pubmed/30383235
https://doi.org/10.1093/humrep/dey321
http://www.ncbi.nlm.nih.gov/pubmed/32912608
https://doi.org/10.1016/j.fertnstert.2020.07.008


	39.	 Kim JH, Kim SK, Lee HJ, Lee JR, Jee BC, Suh CS, et al. Efficacy of random-start controlled ovarian 
stimulation in cancer patients. J Korean Med Sci 2015;30:290-5. 
PUBMED | CROSSREF

	40.	 Danis RB, Pereira N, Elias RT. Random start ovarian stimulation for oocyte or embryo cryopreservation 
in women desiring fertility preservation prior to gonadotoxic cancer therapy. Curr Pharm Biotechnol 
2017;18:609-13. 
PUBMED | CROSSREF

	41.	 Azim AA, Costantini-Ferrando M, Oktay K. Safety of fertility preservation by ovarian stimulation with 
letrozole and gonadotropins in patients with breast cancer: a prospective controlled study. J Clin Oncol 
2008;26:2630-5. 
PUBMED | CROSSREF

	42.	 Rodgers RJ, Reid GD, Koch J, Deans R, Ledger WL, Friedlander M, et al. The safety and efficacy of 
controlled ovarian hyperstimulation for fertility preservation in women with early breast cancer: a 
systematic review. Hum Reprod 2017;32:1033-45. 
PUBMED | CROSSREF

	43.	 Kim J, Turan V, Oktay K. Long-term safety of letrozole and gonadotropin stimulation for fertility 
preservation in women with breast cancer. J Clin Endocrinol Metab 2016;101:1364-71. 
PUBMED | CROSSREF

	44.	 Marklund A, Eloranta S, Wikander I, Kitlinski ML, Lood M, Nedstrand E, et al. Efficacy and safety of 
controlled ovarian stimulation using GnRH antagonist protocols for emergency fertility preservation 
in young women with breast cancer-a prospective nationwide Swedish multicenter study. Hum Reprod 
2020;35:929-38. 
PUBMED | CROSSREF

	45.	 Reddy J, Turan V, Bedoschi G, Moy F, Oktay K. Triggering final oocyte maturation with gonadotropin-
releasing hormone agonist (GnRHa) versus human chorionic gonadotropin (hCG) in breast cancer 
patients undergoing fertility preservation: an extended experience. J Assist Reprod Genet 2014;31:927-32. 
PUBMED | CROSSREF

	46.	 Meyer L, Murphy LA, Gumer A, Reichman DE, Rosenwaks Z, Cholst IN. Risk factors for a suboptimal 
response to gonadotropin-releasing hormone agonist trigger during in vitro fertilization cycles. Fertil 
Steril 2015;104:637-42. 
PUBMED | CROSSREF

	47.	 Chang FE, Beall SA, Cox JM, Richter KS, DeCherney AH, Levy MJ. Assessing the adequacy of 
gonadotropin-releasing hormone agonist leuprolide to trigger oocyte maturation and management of 
inadequate response. Fertil Steril 2016;106:1093-1100.e3. 
PUBMED | CROSSREF

	48.	 Oktay K, Hourvitz A, Sahin G, Oktem O, Safro B, Cil A, et al. Letrozole reduces estrogen and 
gonadotropin exposure in women with breast cancer undergoing ovarian stimulation before 
chemotherapy. J Clin Endocrinol Metab 2006;91:3885-90. 
PUBMED | CROSSREF

	49.	 Hong YH, Kim SK, Lee JR, Jee BC, Suh CS. Clinical efficacy of dual trigger with human chorionic 
gonadotropin and a gonadotropin-releasing hormone agonist for women undergoing fertility 
preservation. Reprod Med Biol 2022;21:e12440. 
PUBMED | CROSSREF

	50.	 Kuang Y, Chen Q, Hong Q, Lyu Q, Ai A, Fu Y, et al. Double stimulations during the follicular and luteal 
phases of poor responders in IVF/ICSI programmes (Shanghai protocol). Reprod Biomed Online 
2014;29:684-91. 
PUBMED | CROSSREF

	51.	 Ubaldi FM, Capalbo A, Vaiarelli A, Cimadomo D, Colamaria S, Alviggi C, et al. Follicular versus luteal 
phase ovarian stimulation during the same menstrual cycle (DuoStim) in a reduced ovarian reserve 
population results in a similar euploid blastocyst formation rate: new insight in ovarian reserve 
exploitation. Fertil Steril 2016;105:1488-1495.e1. 
PUBMED | CROSSREF

	52.	 Liu C, Jiang H, Zhang W, Yin H. Double ovarian stimulation during the follicular and luteal phase in 
women ≥38 years: a retrospective case-control study. Reprod Biomed Online 2017;35:678-84. 
PUBMED | CROSSREF

	53.	 Practice Committees of the American Society for Reproductive Medicine and the Society for Assisted 
Reproductive Technology. Mature oocyte cryopreservation: a guideline. Fertil Steril 2013;99:37-43. 
PUBMED | CROSSREF

	54.	 Dolmans MM, Falcone T, Patrizio P. Importance of patient selection to analyze in vitro fertilization 
outcome with transplanted cryopreserved ovarian tissue. Fertil Steril 2020;114:279-80. 
PUBMED | CROSSREF

238

Fertility Preservation in Young Women With Breast Cancer

https://doi.org/10.4048/jbc.2023.26.e28https://ejbc.kr

http://www.ncbi.nlm.nih.gov/pubmed/25729252
https://doi.org/10.3346/jkms.2015.30.3.290
http://www.ncbi.nlm.nih.gov/pubmed/28786354
https://doi.org/10.2174/1389201018666170808122531
http://www.ncbi.nlm.nih.gov/pubmed/18509175
https://doi.org/10.1200/JCO.2007.14.8700
http://www.ncbi.nlm.nih.gov/pubmed/28333356
https://doi.org/10.1093/humrep/dex027
http://www.ncbi.nlm.nih.gov/pubmed/26751194
https://doi.org/10.1210/jc.2015-3878
http://www.ncbi.nlm.nih.gov/pubmed/32313940
https://doi.org/10.1093/humrep/deaa029
http://www.ncbi.nlm.nih.gov/pubmed/24854484
https://doi.org/10.1007/s10815-014-0248-6
http://www.ncbi.nlm.nih.gov/pubmed/26149355
https://doi.org/10.1016/j.fertnstert.2015.06.011
http://www.ncbi.nlm.nih.gov/pubmed/27341988
https://doi.org/10.1016/j.fertnstert.2016.06.013
http://www.ncbi.nlm.nih.gov/pubmed/16882752
https://doi.org/10.1210/jc.2006-0962
http://www.ncbi.nlm.nih.gov/pubmed/35386366
https://doi.org/10.1002/rmb2.12440
http://www.ncbi.nlm.nih.gov/pubmed/25444501
https://doi.org/10.1016/j.rbmo.2014.08.009
http://www.ncbi.nlm.nih.gov/pubmed/27020168
https://doi.org/10.1016/j.fertnstert.2016.03.002
http://www.ncbi.nlm.nih.gov/pubmed/29030068
https://doi.org/10.1016/j.rbmo.2017.08.019
http://www.ncbi.nlm.nih.gov/pubmed/23083924
https://doi.org/10.1016/j.fertnstert.2012.09.028
http://www.ncbi.nlm.nih.gov/pubmed/32741467
https://doi.org/10.1016/j.fertnstert.2020.04.050


	55.	 Dolmans MM, von Wolff M, Poirot C, Diaz-Garcia C, Cacciottola L, Boissel N, et al. Transplantation of 
cryopreserved ovarian tissue in a series of 285 women: a review of five leading European centers. Fertil 
Steril 2021;115:1102-15. 
PUBMED | CROSSREF

	56.	 Lee J, Kong HS, Kim EJ, Youm HW, Lee JR, Suh CS, et al. Ovarian injury during cryopreservation and 
transplantation in mice: a comparative study between cryoinjury and ischemic injury. Hum Reprod 
2016;31:1827-37. 
PUBMED | CROSSREF

	57.	 Fleury A, Pirrello O, Maugard C, Mathelin C, Linck C. Breast cancer and ovarian tissue cryopreservation: 
review of the literature. J Gynecol Obstet Hum Reprod 2018;47:351-7. 
PUBMED | CROSSREF

	58.	 Rosendahl M, Greve T, Andersen CY. The safety of transplanting cryopreserved ovarian tissue in cancer 
patients: a review of the literature. J Assist Reprod Genet 2013;30:11-24. 
PUBMED | CROSSREF

	59.	 Creux H, Monnier P, Son WY, Tulandi T, Buckett W. Immature oocyte retrieval and in vitro oocyte 
maturation at different phases of the menstrual cycle in women with cancer who require urgent 
gonadotoxic treatment. Fertil Steril 2017;107:198-204. 
PUBMED | CROSSREF

	60.	 Huang JY, Chian RC, Gilbert L, Fleiszer D, Holzer H, Dermitas E, et al. Retrieval of immature oocytes 
from unstimulated ovaries followed by in vitro maturation and vitrification: a novel strategy of fertility 
preservation for breast cancer patients. Am J Surg 2010;200:177-83. 
PUBMED | CROSSREF

	61.	 Cha KY, Han SY, Chung HM, Choi DH, Lim JM, Lee WS, et al. Pregnancies and deliveries after in vitro 
maturation culture followed by in vitro fertilization and embryo transfer without stimulation in women 
with polycystic ovary syndrome. Fertil Steril 2000;73:978-83. 
PUBMED | CROSSREF

	62.	 Creux H, Monnier P, Son WY, Buckett W. Thirteen years’ experience in fertility preservation for cancer 
patients after in vitro fertilization and in vitro maturation treatments. J Assist Reprod Genet 2018;35:583-92. 
PUBMED | CROSSREF

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

	64.	 Moore HC, Unger JM, Phillips KA, Boyle F, Hitre E, Moseley A, et al. Final Analysis of the Prevention of 
Early Menopause Study (POEMS)/SWOG Intergroup S0230. J Natl Cancer Inst 2019;111:210-3. 
PUBMED | CROSSREF

	65.	 Del Mastro L, Boni L, Michelotti A, Gamucci T, Olmeo N, Gori S, et al. Effect of the gonadotropin-
releasing hormone analogue triptorelin on the occurrence of chemotherapy-induced early menopause in 
premenopausal women with breast cancer: a randomized trial. JAMA 2011;306:269-76. 
PUBMED | CROSSREF

	66.	 Lambertini M, Boni L, Michelotti A, Gamucci T, Scotto T, Gori S, et al. Ovarian suppression with 
triptorelin during adjuvant breast cancer chemotherapy and long-term ovarian function, pregnancies, and 
disease-free survival: a randomized clinical trial. JAMA 2015;314:2632-40. 
PUBMED | CROSSREF

	67.	 Lambertini M, Moore HC, Leonard RC, Loibl S, Munster P, Bruzzone M, et al. Gonadotropin-
releasing hormone agonists during chemotherapy for preservation of ovarian function and fertility in 
premenopausal patients with early breast cancer: a systematic review and meta-analysis of individual 
patient-level data. J Clin Oncol 2018;36:1981-90. 
PUBMED | CROSSREF

	68.	 Practice Committee of the American Society for Reproductive Medicine. Fertility preservation in patients 
undergoing gonadotoxic therapy or gonadectomy: a committee opinion. Fertil Steril 2019;112:1022-33. 
PUBMED | CROSSREF

	69.	 ESHRE Guideline Group on Female Fertility Preservation, Anderson RA, Amant F, Braat D, D'Angelo 
A, Chuva de Sousa Lopes SM, et al. ESHRE guideline: female fertility preservation. Hum Reprod Open 
2020;2020:hoaa052. 
PUBMED | CROSSREF

	70.	 Kasum M, von Wolff M, Franulić D, Čehić E, Klepac-Pulanić T, Orešković S, et al. Fertility preservation 
options in breast cancer patients. Gynecol Endocrinol 2015;31:846-51. 
PUBMED | CROSSREF

	71.	 Lambertini M, Goldrat O, Clatot F, Demeestere I, Awada A. Controversies about fertility and pregnancy 
issues in young breast cancer patients: current state of the art. Curr Opin Oncol 2017;29:243-52. 
PUBMED | CROSSREF

239

Fertility Preservation in Young Women With Breast Cancer

https://doi.org/10.4048/jbc.2023.26.e28https://ejbc.kr

http://www.ncbi.nlm.nih.gov/pubmed/33933173
https://doi.org/10.1016/j.fertnstert.2021.03.008
http://www.ncbi.nlm.nih.gov/pubmed/27312534
https://doi.org/10.1093/humrep/dew144
http://www.ncbi.nlm.nih.gov/pubmed/29793036
https://doi.org/10.1016/j.jogoh.2018.05.008
http://www.ncbi.nlm.nih.gov/pubmed/23263841
https://doi.org/10.1007/s10815-012-9912-x
http://www.ncbi.nlm.nih.gov/pubmed/27810160
https://doi.org/10.1016/j.fertnstert.2016.09.041
http://www.ncbi.nlm.nih.gov/pubmed/20637351
https://doi.org/10.1016/j.amjsurg.2009.04.004
http://www.ncbi.nlm.nih.gov/pubmed/10785224
https://doi.org/10.1016/S0015-0282(00)00422-2
http://www.ncbi.nlm.nih.gov/pubmed/29502188
https://doi.org/10.1007/s10815-018-1138-0
http://www.ncbi.nlm.nih.gov/pubmed/25738668
https://doi.org/10.1056/NEJMoa1413204
http://www.ncbi.nlm.nih.gov/pubmed/30371800
https://doi.org/10.1093/jnci/djy185
http://www.ncbi.nlm.nih.gov/pubmed/21771987
https://doi.org/10.1001/jama.2011.991
http://www.ncbi.nlm.nih.gov/pubmed/26720025
https://doi.org/10.1001/jama.2015.17291
http://www.ncbi.nlm.nih.gov/pubmed/29718793
https://doi.org/10.1200/JCO.2018.78.0858
http://www.ncbi.nlm.nih.gov/pubmed/31843073
https://doi.org/10.1016/j.fertnstert.2019.09.013
http://www.ncbi.nlm.nih.gov/pubmed/33225079
https://doi.org/10.1093/hropen/hoaa052
http://www.ncbi.nlm.nih.gov/pubmed/26370157
https://doi.org/10.3109/09513590.2015.1081684
http://www.ncbi.nlm.nih.gov/pubmed/28463857
https://doi.org/10.1097/CCO.0000000000000380


	72.	 Stensheim H, Cvancarova M, Møller B, Fosså SD. Pregnancy after adolescent and adult cancer: a 
population-based matched cohort study. Int J Cancer 2011;129:1225-36. 
PUBMED | CROSSREF

	73.	 Fredholm H, Eaker S, Frisell J, Holmberg L, Fredriksson I, Lindman H. Breast cancer in young women: 
poor survival despite intensive treatment. PLoS One 2009;4:e7695. 
PUBMED | CROSSREF

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

	75.	 Meirow D, Biederman H, Anderson RA, Wallace WH. Toxicity of chemotherapy and radiation on female 
reproduction. Clin Obstet Gynecol 2010;53:727-39. 
PUBMED | CROSSREF

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

	77.	 Brougham MF, Wallace WH. Subfertility in children and young people treated for solid and 
haematological malignancies. Br J Haematol 2005;131:143-55. 
PUBMED | CROSSREF

	78.	 National Comprehensive Cancer Network. 2022. NCCN clinical practice guidelines in oncology (NCCN 
Guidelines®) for breast cancer version 4. https://www.nccn.org/home. Accessed July 21st, 2022.

	79.	 Baird DT, Collins J, Egozcue J, Evers LH, Gianaroli L, Leridon H, et al. Fertility and ageing. Hum Reprod 
Update 2005;11:261-76. 
PUBMED | CROSSREF

	80.	 Partridge AH, Gelber S, Peppercorn J, Sampson E, Knudsen K, Laufer M, et al. Web-based survey of 
fertility issues in young women with breast cancer. J Clin Oncol 2004;22:4174-83. 
PUBMED | CROSSREF

	81.	 Hershman DL, Shao T, Kushi LH, Buono D, Tsai WY, Fehrenbacher L, et al. Early discontinuation and 
non-adherence to adjuvant hormonal therapy are associated with increased mortality in women with 
breast cancer. Breast Cancer Res Treat 2011;126:529-37. 
PUBMED | CROSSREF

	82.	 Kelvin JF, Thom B, Benedict C, Carter J, Corcoran S, Dickler MN, et al. Cancer and fertility program 
improves patient satisfaction with information received. J Clin Oncol 2016;34:1780-6. 
PUBMED | CROSSREF

	83.	 Lambertini M, Anserini P, Fontana V, Poggio F, Iacono G, Abate A, et al. The PREgnancy and FERtility 
(PREFER) study: an Italian multicenter prospective cohort study on fertility preservation and pregnancy 
issues in young breast cancer patients. BMC Cancer 2017;17:346. 
PUBMED | CROSSREF

	84.	 Quinn GP, Vadaparampil ST, Lee JH, Jacobsen PB, Bepler G, Lancaster J, et al. Physician referral 
for fertility preservation in oncology patients: a national study of practice behaviors. J Clin Oncol 
2009;27:5952-7. 
PUBMED | CROSSREF

	85.	 Partridge AH, Niman SM, Ruggeri M, Peccatori FA, Azim HA Jr, Colleoni M, et al. Who are the women 
who enrolled in the POSITIVE trial: a global study to support young hormone receptor positive breast 
cancer survivors desiring pregnancy. Breast 2021;59:327-38. 
PUBMED | CROSSREF

	86.	 Rosenberg SM, Gelber S, Gelber RD, Krop E, Korde LA, Pagani O, et al. Oncology physicians’ 
perspectives on practices and barriers to fertility preservation and the feasibility of a prospective study of 
pregnancy after breast cancer. J Adolesc Young Adult Oncol 2017;6:429-34. 
PUBMED | CROSSREF

	87.	 Cioffi R, Mangili G, Sarais V, Cervini L, Longo V, Bergamini A, et al. Do stage and grade of malignancy 
impact fertility preservation in breast cancer patients? J Gynecol Obstet Hum Reprod 2021;50:102215. 
PUBMED | CROSSREF

	88.	 Wald K, Wang A, Abel MK, Morris J, Letourneau JM, Mok-Lin E, et al. Breast cancer grade and stage do 
not affect fertility preservation outcomes. J Assist Reprod Genet 2022;39:1155-61. 
PUBMED | CROSSREF

	89.	 Wooster R, Weber BL. Breast and ovarian cancer. N Engl J Med 2003;348:2339-47. 
PUBMED | CROSSREF

	90.	 Kuchenbaecker KB, Hopper JL, Barnes DR, Phillips KA, Mooij TM, Roos-Blom MJ, et al. Risks of breast, 
ovarian, and contralateral breast cancer for BRCA1 and BRCA2 mutation carriers. JAMA 2017;317:2402-16. 
PUBMED | CROSSREF

240

Fertility Preservation in Young Women With Breast Cancer

https://doi.org/10.4048/jbc.2023.26.e28https://ejbc.kr

http://www.ncbi.nlm.nih.gov/pubmed/21387311
https://doi.org/10.1002/ijc.26045
http://www.ncbi.nlm.nih.gov/pubmed/19907646
https://doi.org/10.1371/journal.pone.0007695
http://www.ncbi.nlm.nih.gov/pubmed/11155944
https://doi.org/10.1016/S0303-7207(00)00365-8
http://www.ncbi.nlm.nih.gov/pubmed/21048440
https://doi.org/10.1097/GRF.0b013e3181f96b54
http://www.ncbi.nlm.nih.gov/pubmed/15811616
https://doi.org/10.1016/S1470-2045(05)70092-9
http://www.ncbi.nlm.nih.gov/pubmed/16197443
https://doi.org/10.1111/j.1365-2141.2005.05740.x
http://www.ncbi.nlm.nih.gov/pubmed/15831503
https://doi.org/10.1093/humupd/dmi006
http://www.ncbi.nlm.nih.gov/pubmed/15483028
https://doi.org/10.1200/JCO.2004.01.159
http://www.ncbi.nlm.nih.gov/pubmed/20803066
https://doi.org/10.1007/s10549-010-1132-4
http://www.ncbi.nlm.nih.gov/pubmed/27044937
https://doi.org/10.1200/JCO.2015.64.5168
http://www.ncbi.nlm.nih.gov/pubmed/28526012
https://doi.org/10.1186/s12885-017-3348-8
http://www.ncbi.nlm.nih.gov/pubmed/19826115
https://doi.org/10.1200/JCO.2009.23.0250
http://www.ncbi.nlm.nih.gov/pubmed/34390999
https://doi.org/10.1016/j.breast.2021.07.021
http://www.ncbi.nlm.nih.gov/pubmed/28686476
https://doi.org/10.1089/jayao.2017.0031
http://www.ncbi.nlm.nih.gov/pubmed/34482003
https://doi.org/10.1016/j.jogoh.2021.102215
http://www.ncbi.nlm.nih.gov/pubmed/35320444
https://doi.org/10.1007/s10815-022-02473-5
http://www.ncbi.nlm.nih.gov/pubmed/12788999
https://doi.org/10.1056/NEJMra012284
http://www.ncbi.nlm.nih.gov/pubmed/28632866
https://doi.org/10.1001/jama.2017.7112


	 91.	 Rosenberg SM, Ruddy KJ, Tamimi RM, Gelber S, Schapira L, Come S, et al. BRCA1 and BRCA2 mutation 
testing in young women with breast cancer. JAMA Oncol 2016;2:730-6. 
PUBMED | CROSSREF

	 92.	 Lambertini M, Goldrat O, Toss A, Azim HA Jr, Peccatori FA, Ignatiadis M, et al. Fertility and pregnancy 
issues in BRCA-mutated breast cancer patients. Cancer Treat Rev 2017;59:61-70. 
PUBMED | CROSSREF

	 93.	 Benedict C, Thom B, Friedman DN, Diotallevi D, Pottenger EM, Raghunathan NJ, et al. Young adult 
female cancer survivors’ unmet information needs and reproductive concerns contribute to decisional 
conflict regarding posttreatment fertility preservation. Cancer 2016;122:2101-9. 
PUBMED | CROSSREF

	 94.	 Peate M, Meiser B, Friedlander M, Zorbas H, Rovelli S, Sansom-Daly U, et al. It’s now or never: fertility-
related knowledge, decision-making preferences, and treatment intentions in young women with breast 
cancer--an Australian fertility decision aid collaborative group study. J Clin Oncol 2011;29:1670-7. 
PUBMED | CROSSREF

	 95.	 Mersereau JE, Goodman LR, Deal AM, Gorman JR, Whitcomb BW, Su HI. To preserve or not to preserve: 
how difficult is the decision about fertility preservation? Cancer 2013;119:4044-50. 
PUBMED | CROSSREF

	 96.	 Shin S, Kim J, Kim D, Kim H, Lee S, Kim SH, et al. The importance of education regarding the effects 
of anticancer treatment on fertility and ovarian function in the female patients with breast cancer. J 
Menopausal Med 2019;25:142-8. 
PUBMED | CROSSREF

	 97.	 Son H, Lee HM, Yang YJ, Youn HJ, Lee JW, Lee J, et al. Current practices toward fertility issues for young 
breast cancer patients: a survey of the Korean Breast Cancer Society; The SMARTSHIP Study. J Breast Dis 
2020;8:100-7. 
CROSSREF

	 98.	 Shimizu C, Bando H, Kato T, Mizota Y, Yamamoto S, Fujiwara Y. Physicians’ knowledge, attitude, and 
behavior regarding fertility issues for young breast cancer patients: a national survey for breast care 
specialists. Breast Cancer 2013;20:230-40. 
PUBMED | CROSSREF

	 99.	 Sallem A, Shore J, Ray-Coquard I, Ferreux L, Bourdon M, Maignien C, et al. Fertility preservation in 
women with cancer: a national study about French oncologists awareness, experience, and feelings. J 
Assist Reprod Genet 2018;35:1843-50. 
PUBMED | CROSSREF

	100.	 Garvelink MM, ter Kuile MM, Fischer MJ, Louwé LA, Hilders CG, Kroep JR, et al. Development of a 
Decision Aid about fertility preservation for women with breast cancer in The Netherlands. J Psychosom 
Obstet Gynaecol 2013;34:170-8. 
PUBMED | CROSSREF

	101.	 Lambertini M, Ginsburg ES, Partridge AH. Update on fertility preservation in young women undergoing 
breast cancer and ovarian cancer therapy. Curr Opin Obstet Gynecol 2015;27:98-107. 
PUBMED | CROSSREF

	102.	 Lambertini M, Blondeaux E, Bruzzone M, Perachino M, Anderson RA, de Azambuja E, et al. Pregnancy 
after breast cancer: a systematic review and meta-analysis. J Clin Oncol 2021;39:3293-305. 
PUBMED | CROSSREF

	103.	 Cathcart-Rake EJ, Ruddy KJ, Bleyer A, Johnson RH. Breast cancer in adolescent and young adult women 
under the age of 40 years. JCO Oncol Pract 2021;17:305-13. 
PUBMED | CROSSREF

	104.	 Cohn BA, Cirillo PM, Hopper BR, Siiteri PK. Third trimester estrogens and maternal breast cancer: 
prospective evidence. J Clin Endocrinol Metab 2017;102:3739-48. 
PUBMED | CROSSREF

	105.	 Peccatori FA, Azim HA Jr, Orecchia R, Hoekstra HJ, Pavlidis N, Kesic V, et al. Cancer, pregnancy and 
fertility: ESMO clinical practice guidelines for diagnosis, treatment and follow-up. Ann Oncol 2013;24 
Suppl 6:vi160-70. 
PUBMED | CROSSREF

	106.	 Linkeviciute A, Boniolo G, Chiavari L, Peccatori FA. Fertility preservation in cancer patients: the global 
framework. Cancer Treat Rev 2014;40:1019-27. 
PUBMED | CROSSREF

	107.	 Vindrola-Padros C, Dyer KE, Cyrus J, Lubker IM. Healthcare professionals’ views on discussing 
fertility preservation with young cancer patients: a mixed method systematic review of the literature. 
Psychooncology 2017;26:4-14. 
PUBMED | CROSSREF

241

Fertility Preservation in Young Women With Breast Cancer

https://doi.org/10.4048/jbc.2023.26.e28https://ejbc.kr

http://www.ncbi.nlm.nih.gov/pubmed/26867710
https://doi.org/10.1001/jamaoncol.2015.5941
http://www.ncbi.nlm.nih.gov/pubmed/28750297
https://doi.org/10.1016/j.ctrv.2017.07.001
http://www.ncbi.nlm.nih.gov/pubmed/27213483
https://doi.org/10.1002/cncr.29917
http://www.ncbi.nlm.nih.gov/pubmed/21444865
https://doi.org/10.1200/JCO.2010.31.2462
http://www.ncbi.nlm.nih.gov/pubmed/24037854
https://doi.org/10.1002/cncr.28317
http://www.ncbi.nlm.nih.gov/pubmed/32307939
https://doi.org/10.6118/jmm.19010
https://doi.org/10.14449/jbd.2020.8.2.100
http://www.ncbi.nlm.nih.gov/pubmed/22271066
https://doi.org/10.1007/s12282-011-0328-8
http://www.ncbi.nlm.nih.gov/pubmed/29974370
https://doi.org/10.1007/s10815-018-1251-0
http://www.ncbi.nlm.nih.gov/pubmed/24188788
https://doi.org/10.3109/0167482X.2013.851663
http://www.ncbi.nlm.nih.gov/pubmed/25490381
https://doi.org/10.1097/GCO.0000000000000138
http://www.ncbi.nlm.nih.gov/pubmed/34197218
https://doi.org/10.1200/JCO.21.00535
http://www.ncbi.nlm.nih.gov/pubmed/33449828
https://doi.org/10.1200/OP.20.00793
http://www.ncbi.nlm.nih.gov/pubmed/28973345
https://doi.org/10.1210/jc.2016-3476
http://www.ncbi.nlm.nih.gov/pubmed/23813932
https://doi.org/10.1093/annonc/mdt199
http://www.ncbi.nlm.nih.gov/pubmed/24953980
https://doi.org/10.1016/j.ctrv.2014.06.001
http://www.ncbi.nlm.nih.gov/pubmed/26890220
https://doi.org/10.1002/pon.4092


	108.	 Flink DM, Sheeder J, Kondapalli LA. A review of the oncology patient’s challenges for utilizing fertility 
preservation services. J Adolesc Young Adult Oncol 2017;6:31-44. 
PUBMED | CROSSREF

	109.	 Peate M, Meiser B, Cheah BC, Saunders C, Butow P, Thewes B, et al. Making hard choices easier: a 
prospective, multicentre study to assess the efficacy of a fertility-related decision aid in young women 
with early-stage breast cancer. Br J Cancer 2012;106:1053-61. 
PUBMED | CROSSREF

	110.	 Jones GL, Moss RH, Darby F, Mahmoodi N, Phillips B, Hughes J, et al. Cancer, fertility and me: 
developing and testing a novel fertility preservation patient decision aid to support women at risk of 
losing their fertility because of cancer treatment. Front Oncol 2022;12:896939. 
PUBMED | CROSSREF

	111.	 Domar AD, Gross J, Rooney K, Boivin J. Exploratory randomized trial on the effect of a brief psychological 
intervention on emotions, quality of life, discontinuation, and pregnancy rates in in vitro fertilization 
patients. Fertil Steril 2015;104:440-51.e7. 
PUBMED | CROSSREF

	112.	 Komatsu H, Yagasaki K, Yamauchi H. Fertility decision-making under certainty and uncertainty in cancer 
patients. Sex Reprod Healthc 2018;15:40-5. 
PUBMED | CROSSREF

	113.	 Hershberger PE, Finnegan L, Altfeld S, Lake S, Hirshfeld-Cytron J. Toward theoretical understanding 
of the fertility preservation decision-making process: examining information processing among young 
women with cancer. Res Theory Nurs Pract 2013;27:257-75. 
PUBMED | CROSSREF

	114.	 Bastings L, Baysal Ö, Beerendonk CC, IntHout J, Traas MA, Verhaak CM, et al. Deciding about fertility 
preservation after specialist counselling. Hum Reprod 2014;29:1721-9. 
PUBMED | CROSSREF

	115.	 Jona K, Gerber A. MyOncofertility.org: a web-based patient education resource supporting decision 
making under severe emotional and cognitive overload. Cancer Treat Res 2010;156:345-61. 
PUBMED | CROSSREF

	116.	 Warner E, Yee S, Seminsky M, Glass K, Foong S, Kennedy E, et al. Effect of a knowledge-translation 
intervention on breast surgeons’ oncofertility attitudes and practices. Ann Surg Oncol 2020;27:1645-52. 
PUBMED | CROSSREF

242

Fertility Preservation in Young Women With Breast Cancer

https://doi.org/10.4048/jbc.2023.26.e28https://ejbc.kr

http://www.ncbi.nlm.nih.gov/pubmed/27529573
https://doi.org/10.1089/jayao.2015.0065
http://www.ncbi.nlm.nih.gov/pubmed/22415294
https://doi.org/10.1038/bjc.2012.61
http://www.ncbi.nlm.nih.gov/pubmed/35847858
https://doi.org/10.3389/fonc.2022.896939
http://www.ncbi.nlm.nih.gov/pubmed/26072382
https://doi.org/10.1016/j.fertnstert.2015.05.009
http://www.ncbi.nlm.nih.gov/pubmed/29389500
https://doi.org/10.1016/j.srhc.2017.12.002
http://www.ncbi.nlm.nih.gov/pubmed/24552086
https://doi.org/10.1891/1541-6577.27.4.257
http://www.ncbi.nlm.nih.gov/pubmed/24916435
https://doi.org/10.1093/humrep/deu136
http://www.ncbi.nlm.nih.gov/pubmed/20811846
https://doi.org/10.1007/978-1-4419-6518-9_26
http://www.ncbi.nlm.nih.gov/pubmed/31659644
https://doi.org/10.1245/s10434-019-07972-x

	Fertility Preservation in Young Women With Breast Cancer: A Review
	INTRODUCTION
	IMPACT OF SYSTEMIC TREATMENTS FOR BREAST CANCER ON FERTILITY
	Cytotoxic chemotherapy
	Hormone therapy
	Anti-human epidermal growth factor receptor 2 (HER2) therapy
	Other targeted therapy
	Immunotherapy

	FERTILITY PRESERVATION STRATEGIES FOR YOUNG WOMEN WITH BREAST CANCER
	Oocyte and embryo cryopreservation
	COS methods implemented in breast cancer patients
	Random-start ovarian stimulation
	Combination of an aromatase inhibitor for ovarian stimulation
	Dual triggering
	Double stimulation

	Ovarian tissue cryopreservation (OTC)
	In vitro maturation (IVM)
	Ovarian suppression with GnRH analogue
	Fertility preservation strategies: conclusion

	ONCOFERTILITY STRATEGIES
	BARRIERS TO FERTILITY PRESERVATION TREATMENT
	Physician’s barriers
	Patients’ barriers
	Supportive system

	PREGNANCY AFTER BREAST CANCER
	COMMUNICATING AND DISCUSSING WITH PATIENTS IN DECISION-MAKING
	CONCLUSION
	REFERENCES


