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ABSTRACT

ASCO Guidelines provide recommendations with comprehensive review and analyses of the relevant
literature for each recommendation, following the guideline development process as outlined in the
ASCO Guidelines Methodology Manual. ASCO Guidelines follow the ASCO Conflict of Interest Policy
for Clinical Practice Guidelines.

Clinical Practice Guidelines and other guidance (“Guidance”) provided by ASCO is not a comprehensive
or definitive guide to treatment options. It is intended for voluntary use by clinicians and should be used
in conjunction with independent professional judgment. Guidance may not be applicable to all patients,
interventions, diseases or stages of diseases. Guidance is based on review and analysis of relevant
literature, and is not intended as a statement of the standard of care. ASCO does not endorse third-party
drugs, devices, services, or therapies and assumes no responsibility for any harm arising from or related
to the use of this information. See complete disclaimer in Appendix 1 and 2 (online only) for more.

PURPOSE To provide updated fertility preservation (FP) recommendations for people
with cancer.

METHODS A multidisciplinary Expert Panel convened and updated the systematic
review.

RESULTS One hundred sixty-six studies comprise the evidence base.

RECOMMENDATIONS People with cancer should be evaluated for and counseled about repro-
ductive risks at diagnosis and during survivorship. Patients interested in or
uncertain about FP should be referred to reproductive specialists. FP ap-
proaches should be discussed before cancer-directed therapy. Sperm
cryopreservation should be offered to males before cancer-directed
treatment, with testicular sperm extraction if unable to provide semen
samples. Testicular tissue cryopreservation in prepubertal males is ex-
perimental and should be offered only in a clinical trial. Males should be
advised of potentially higher genetic damage risks in sperm collected soon
after cancer-directed therapy initiation and completion. For females,
established FP methods should be offered, including embryo, oocyte, and
ovarian tissue cryopreservation (OTC), ovarian transposition, and con-
servative gynecologic surgery. In vitro maturation of oocytes may be
offered as an emerging method. Post-treatment FP may be offered to
people who did not undergo pretreatment FP or cryopreserve enough
oocytes or embryos. Gonadotropin-releasing hormone agonist (GnRHa)
should not be used in place of established FP methods but may be offered
as an adjunct to females with breast cancer. For patients with oncologic
emergencies requiring urgent oncologic therapy, GnRHa may be offered
for menstrual suppression. Established FP methods in children who have
begun puberty should be offered with patient assent and parent/guardian
consent. The only established method for prepubertal females is OTC.
Oncology teams should ensure prompt access to a multidisciplinary FP
team. Clinicians should advocate for comprehensive FP services coverage
and help patients access benefits.

Additional information is available at www.asco.org/survivorship-
guidelines.
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TARGET POPULATION AND AUDIENCE

Target Population
People with cancer who are at risk of infertility due to
cancer-directed treatment.

Target Audience

Medical oncologists, radiation oncologists, gynecologic
oncologists, urologists, hematologists, pediatric oncol-
ogists, advanced practice professionals, surgeons,
nurses, social workers, psychologists, and other mem-
bers of the clinical care team.

INTRODUCTION

Fertility preservation (FP) is an essential consideration in the
care of children and reproductive-aged people with cancer,
particularly as advances in cancer treatments have signifi-
cantly improved long-term survival rates. Many cancer-
directed therapies, including chemotherapy, radiation, and
surgery, pose a risk to reproductive health, making it critical to
address fertility concerns as early as possible in the treatment
planning process and through survivorship.! Despite the
recognized importance of FP, there remains a need for con-
sistent, current, evidence-based guidance for health care
clinicians.? Patients often do not receive adequate information
or timely referrals to fertility specialists before initiating
cancer-directed therapy.>* This gap underscores the need for
comprehensive clinical practice guidelines to assist clinicians
in discussing fertility risks and preservation options with
patients with cancer.

ASCO first published evidence-based clinical practice
guidelines on FP in 2006, and published updated guidelines
in 2013° and 2018.° This guideline update provides a com-
prehensive approach to assessing, discussing, and offering
FP options to people with cancer, ensuring that reproductive
potential is preserved whenever possible. It is designed to
support health care professionals in integrating FP into the
broader framework of cancer care. By offering evidence-
based recommendations on FP for adults, adolescents, and
children with cancer, this update aims to ensure that patients
are fully informed of their options and supported in making
decisions that align with their long-term reproductive goals.

In this guideline, the terms male and female are defined
based on biological sex, specifically focusing on reproductive
anatomy at birth. Male refers to individuals born with testes,
while female refers to those born with ovaries. This binary
classification centers on physical attributes typically asso-
ciated with biological reproduction. From here on, the
guideline will refer to individuals as males or females based on
this definition.

Journal of Clinical Oncology

GUIDELINE QUESTION

This clinical practice guideline update addresses one over-
arching clinical question: What are the recommended FP
options for people with cancer who are to undergo or have
completed cancer-directed treatments?

METHODS
Guideline Development Process

This systematic review-based guideline product was de-
veloped by a multidisciplinary Expert Panel, which included
a patient representative and an ASCO guidelines staff
member with health research methodology expertise (Ap-
pendix Table A1, online only).

The recommendations were developed by using a sys-
tematic review of evidence published after the previous
guideline literature search in 2013. PubMed was searched
from January 1, 2013, through November 16, 2023, for
systematic reviews, randomized clinical trials (RCTs), and
observational studies. The literature search was rerun on
September 20, 2024, to identify articles published since
November 2023. The reference lists of all identified articles
were also hand-searched for additional studies. Articles
were selected for inclusion in the systematic review based
on the following criteria:

¢ Population: people who are to undergo or have completed
cancer-directed treatments that threaten fertility, in-
cluding prepubertal patients with cancer.

¢ Interventions and comparisons: for females, methods of
oocyte preservation, embryo cryopreservation, ovarian
tissue cryopreservation (OTC), oocyte in vitro matu-
ration (IVM), ovarian tissue transplantation (OTT),
ovarian suppression with gonadotropin-releasing
hormone analogs or antagonists, ovarian transposi-
tion (OT), oophoropexy, trachelectomy, other conser-
vative gynecologic surgery, and stem cell research. For
males, methods of sperm cryopreservation, testicular tis-
sue preservation, testicular sperm extraction (TESE), testis
xenografting, spermatogonial isolation, and hormonal
gonadoprotection.

e Outcomes: maintenance of fertility (live [healthy] birth
[gold standard] or surrogate end points), such as
ovarian reserve (anti-Mullerian hormone [AMH], antral
follicle count, follicle-stimulating hormone [FSH], and
estradiol), acute ovarian failure (AOF), premature
ovarian insufficiency or premature ovarian failure,
pregnancy (eg, hypertensive disease of pregnancy, se-
vere maternal morbidities) and offspring health (eg,
preterm birth, small for gestational age); early and late
miscarriages; effectiveness of FP services (before and
after treatment); treatment toxicity (both antineo-
plastic and fertility-preserving); education or increased
awareness; quality of life; patient and/or family
satisfaction.
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Articles were excluded from the systematic review if they
were (1) meeting abstracts not subsequently published in
peer-reviewed journals; (2) editorials, commentaries, let-
ters, and news articles; and (3) published in a non-English
language.

Four full-panel meetings were held, and members were
asked to provide ongoing input on the updated guideline
development protocol, quality and assessment of the evi-
dence, generation of recommendations, draft content, as
well as review and approve drafts during the entire devel-
opment of the guideline. ASCO staff met routinely with the
Expert Panel co-chairs and corresponded with the panel via
e-mail to coordinate the process to completion. Ratings for
the strength of the recommendation and evidence quality are
provided with each recommendation, defined in Appendix
Table A2. The quality of the evidence was assessed using
AMSTAR (Assessment of Multiple Systematic Reviews), the
Cochrane Risk of Bias tool, Risk Of Bias In Non-randomized
Studies—of Interventions (ROBINS-I), and elements of
the GRADE quality assessment and recommendations de-
velopment process.”® GRADE quality assessment labels
(ie, high, moderate, low, and very low) were assigned by the
project methodologist in collaboration with the Expert
Panel co-chairs and reviewed by the full Expert Panel. All
funding for the administration of the project was provided
by ASCO.

Guideline Review and Approval

The draft recommendations were released to the public for
open comment from September 23, 2024, through October 7,
2024. Response categories of “Agree as written,” “Agree
with suggested modifications,” and “Disagree. See com-
ments” were captured for every proposed recommendation
with 35 written comments received. A total of 15 respondents
either agreed or agreed with slight modifications with 19 of
the 26 total recommendations and there was disagreement
from one to two respondents with seven of the recom-
mendations. Expert Panel members reviewed comments
from all sources and determined whether to maintain
original draft recommendations, revise with minor language
changes, or consider major recommendation revisions.

The draft was submitted to three external reviewers with
content expertise. It was rated as high quality, and it was
agreed it would be useful in practice. Review comments
included clarifying that the risk of reimplanting malignant
cells in patients with leukemia and measurable residual
disease (MRD) at the time of OTC is theoretical, removing
language suggesting gonadotropin-releasing hormone ag-
onist (GnRHa) is appropriate as an adjunct to females with
breast cancer and stating explicitly that GnRHa should never
be used for FP, removing discussions on cervical and en-
dometrial cancers in the children section, and adding a
sentence regarding potential legal consequences of creating
embryos. These comments were reviewed by the Expert

1490 | © 2025 by American Society of Clinical Oncology

Panel, and any necessary changes were integrated into the
manuscript as appropriate. All revisions were resolved
through majority consensus. Additionally, a guideline
implementability review was conducted. Based on this re-
view, revisions were made to the draft to clarify recom-
mended actions for clinical practice.

All changes were incorporated into the final manuscript
prior to ASCO Evidence Based Medicine Committee
(EBMC) review and approval. All ASCO guidelines are
ultimately reviewed and approved by the Expert Panel and
the ASCO EBMC before submission to the Journal of Clinical
Oncology for editorial review and consideration for
publication.

Guideline Updating

The ASCO Expert Panel and guidelines staff will work with
co-chairs to keep abreast of any substantive updates to the
guideline. Based on formal review of the emerging literature,
ASCO will determine the need to update. The ASCO Guide-
lines Methodology Manual (available at www.asco.org/
guideline-methodology) provides additional information
about the guideline update process. This is the most recent
information as of the publication date.

RESULTS

Characteristics of Studies Identified in the Updated
Literature Search

A total of 731 studies were identified in the initial updated
literature search. The refreshed literature search identified an
additional 119 studies. After applying the eligibility criteria,
166 studies remained. Thirteen clinical practice guidelines,® >
65 systematic reviews,?2 40,41-60,61-86 6 RCTs,87-93 and 82 ob-
servational studies®4-110:111-130131-150,151-175 form the evidentiary
basis for the guideline recommendations.

The identified studies were published between January 2013
and September 2024. A summary of key outcomes and
risks for FP options are reported in Tables 1 and 2.

Evidence Quality Assessment

The quality of evidence was assessed for each included
study, and factors such as study design, consistency of
results, directness of evidence, precision, and magnitude of
effect were also assessed by one reviewer. Systematic re-
views and meta-analyses were evaluated using the AMSTAR
rating.'7¢ To evaluate RCTs, research design characteristics
including random assignment, blinding of outcome as-
sessment(s), selective reporting, complete outcome data,
and conflicts of interest were evaluated. The quality of
observational studies was informed by the ROBINS-1tool.'77
Each element in the RCT and observational study assess-
ment was rated as having low, uncertain, or high risk of
bias. Refer to Appendix Table A2 for definitions for the
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TABLE 1. Key Outcomes and Risks for FP Options for Males

Time Commitment and Timing of

FP Method Procedure

Key Efficacy Outcomes and Findings

Risks, Limitations, and Considerations

Sperm
cryopreservation

Repeated visits, multiple samples are
recommended, requiring several visits
to a clinic; before therapy

Gold standard proven to result in suc-
cessful pregnancies and live births;
widely accepted and practiced

Safe, noninvasive; decreased sperm quality
after cryopreservation; requires insemina-
tions or IVF to achieve pregnancy; variable
success depending on initial sperm quality
and health status; storage costs

TESE and cry-
opreservation—
postpubertal

therapy or >6-12 months after com-
pletion of therapy for individuals
azoospermic after therapy

Surgical procedure; should occur before Effective alternative method to collect
sperm when ejaculation is not pos-
sible; capable of resulting in suc-
cessful pregnancies with IVF

Safe procedure; requires IVF to achieve preg-
nancy; surgical risks such as infection and
bleeding; psychological impact of invasive
procedure; storage costs

TTC—prepubertal
therapy

Surgical procedure; should occur before Experimental; currently only option for
prepubertal males

Experimental; safe procedure; risk of cancer
reseeding unknown; reproductive potential
uncertain; uncertain storage costs

Abbreviations: FP, fertility preservation; IVF, in vitro fertilization; TESE, testicular sperm extraction; TTC, testicular tissue cryopreservation.

quality of the evidence, and the ASCO Methodology Manual
for more information.

For systematic reviews and meta-analyses, AMSTAR scores
ranged from 5 to 11 out of a possible 11 points (higher scores
indicate higher quality; Data Supplement, Table S1). For
RCTs, overall risk of bias ranged from low to moderate (Data
Supplement, Table S2). The quality of evidence of the ob-
servational studies was assessed from low to high (Data
Supplement, Table S3).

RECOMMENDATIONS

All recommendations are available in Table 3.
DISCUSSING RISK OF INFERTILITY WITH PATIENT
Literature Review Update and Analysis

Recommendations 1.1-1.3 remain pivotal, are supported by
evidence, and are underscored by their importance to in-
dividuals with cancer. For adults of reproductive age and
children, screening for and addressing infertility concerns
early in the treatment process allows healthcare clinicians
and patients to explore various options and to mitigate
potential distress associated with infertility. FP counseling
can reduce long-term regret and dissatisfaction concerning
fertility, and is associated with improved quality of life.6>9°
Indeed, offering FP counseling is perceived by individuals with
cancer as critical regardless of their reproductive risk profile,
age, parity, cancer prognosis, sexual orientation or identity,
financial ability, or other characteristics.®5:941007102178 [nfor-
mation that addresses perceived unmet needs specific to
infertility risk and FP is most helpful when provided in a
standardized and written format.5

Recommendation 1.2 underscores the necessity of referring
interested and uncertain patients to reproductive special-
ists for comprehensive infertility risk assessment and FP
counseling and services. Collaboration with reproductive

Journal of Clinical Oncology

specialists ensures that patients receive tailored informa-
tion about available options. Patients who received FP
counseling from reproductive specialists were more likely
to pursue FP compared to those who did not.?5:97:9¢ This
highlights the crucial role of reproductive specialists in
facilitating informed decision-making and enhancing pa-
tient access to FP services.

Recommendations 1.3 and 1.4 stress the importance of
initiating discussions about FP early in the treatment
trajectory and documenting these conversations in the
medical record. FP resources will vary by setting. Clinicians
should identify and refer to outside facilities for services
that are not available locally. Early discussions enable in-
formed decision-making and allow patients to explore
various FP methods without compromising treatment
timelines. Moreover, documenting these discussions en-
sures continuity of care and provides a reference point for
future consultations. In order to address changing patient
needs and preferences, ongoing communication regarding
FP options throughout cancer survivorship is critical.?®

RISKS OF INFERTILITY FROM CANCER TREATMENT
Literature Review Update and Analysis

For females, evidence from systematic reviews, RCTs, ob-
servational studies, and expert opinions indicate that
alkylating agents, radiation to ovaries, and hematopoietic
cell transplantation significantly increase the risk of infer-
tility, AOF, and premature ovarian insufficiency (POI), with
alkylators and radiation exerting these effects in a dose-
dependent manner.?>7:727610316.179  Combining alkylating
agents with pelvic radiation further increases these risks.
Platinum exposure also heightens the risk of POI and reduced
ovarian reserve.’%1°3 Radiation exposure ranging from 20 to
30 Gy or up to 15 Gy total body radiation can impair ovarian
function.’®® Notably, doses as high as 6 Gy in adult females,
10 Gy in postpubertal females, and 15 Gy in prepubertal
females are linked to significant infertility risk.7>73*8°-182 The
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TABLE 2. Key Outcomes and Risks for FP Options for Females

Miscarriage Ovarian Function Preserva- Risks, Limitations, and
FP Method CPR LBR Rate tion Rate Time Requirements Key Outcomes and Findings Considerations
Embryo 49% 35%-41% 17%-22% NA 2-3 weeks from initiation of ovarian Lower embryo transfer and higher cy-  Requires sperm; postpones beginning
cryopreservation stimulation until oocyte retrieval cle cancellation rates in females cancer treatment (2-6 weeks); po-
with cancer. Letrozole protocols tential OHSS risk; ethical and legal
recommended for hormone- issues including concerns regarding
sensitive cancer the disposition of embryos if the
patient does not survive or changes
their mind about future use
Oocyte 35% 26%-32% 11% NA 2-3 weeks from initiation of ovarian Lower fertilization rates in females Does not need sperm; postpones be-
cryopreservation stimulation until cocyte retrieval with cancer. Letrozole protocols ginning cancer treatment (2-6
recommended for hormone- weeks); potential OHSS risk
sensitive cancer
Ovarian transposition 3%-49% 18%-55% = 61%-93% Surgery time, no treatment delay Successful pregnancies reported in Rare complications such as bowel
literature obstruction, ovarian cyst formation
Uterine transposition 60% - - NA Surgery time, no treatment delay Successful pregnancies reported in Cervical ischemia is the most com-
literature monly reported complication
Conservative GYN 18%-74% 11%-89% 8%-31% Variable Variable Recurrence rates: 3.1%-15.7%. Lowest  Safe, dependent on cancer type and
surgery pregnancy rates with radical surgery stage
Hormonal suppres- - — — Protective effect on ovarian Throughout treatment, may be only Limited evidence for improved fertility ~ Should not replace proven FP
sion using GnRHa function (relative risk for option when cancer-directed ther- (relative risk of experiencing post- methods; side effects can include
maintaining ovarian func- apy must be offered urgently treatment pregnancies, 1.83 [95% Cl menopausal symptoms such as hot
tion, 1.60 [95% CI, 1.14 to 1.06 to 3.15] in patients with early- flashes, mood swings, and bone
2.24]) & stage breast cancer)®®; may protect thinning
ovarian function to preserve normal
hormonal milieu; achieves men-
strual suppression during therapy
OoTC 44% 19%-32% 7.5%14% 70%-95% ovarian function No delay for cancer management; re-  Cryopreservation before chemother- The only available option for prepu-
restored quires laparoscopic ovarian tissue apy improves outcomes bertal females; no need for hor-
procurement with later monal stimulation; commonly
transplantation orthotopic; potential malignancy
reintroduction
IVM - Some live births reported - NA IVM of oocytes from in vivo ovaries—  Less effective than mature oocyte/ Few ART laboratories with expertise in

in patients with cancer

variable, short course or no ovarian
stimulation

IVM of ovarian tissue oocytes—same
as OTC

embryo preservation

this technique, very few births to
estimate likelihood of outcomes

NOTE. The data summarized are from postpubertal people with cancer. Rates are pooled from meta-analyses.
Abbreviations: ART, assisted reproductive technology; CPR, clinical pregnancy rate; FP, fertility preservation; GnRHa, gonadotropic-releasing hormone agonist; GYN, gynecologic; IVM, in vitro
maturation; LBR, live birth rate; NA, not applicable; OHSS, ovarian hyperstimulation syndrome; OTC, ovarian tissue cryopreservation.
Rate reported in a review of 18 patients, with three pregnancies out of five that tried.®®
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TABLE 3. Summary of Fertility Preservation Recommendations

Overarching Topic Recommendation

General Note. The following recommendations (strong or conditional/weak) and terminology (Data Supplement) represent reasonable options for patients depending
on clinical circumstances and in the context of individual patient preferences. Recommended care should be accessible to patients whenever possible.

Discussing risk of infertility with  1.7. Clinicians caring for adult and pediatric patients with cancer should discuss the possibility of infertility as early as possible
patient before treatment starts to preserve the full range of options. (Evidence quality: Moderate; Strength of
recommendation: Strong)

1.2. Clinicians should refer patients who express an interest in fertility preservation, and those who are uncertain, to reproductive
specialists. (Evidence quality: Very low; Strength of recommendation: Strong)

1.3. Clinicians should initiate the discussion regarding infertility with the knowledge that it can ultimately reduce distress and
improve quality of life, even if the patient does not undergo fertility preservation. (Evidence quality: Moderate; Strength of
recommendation: Strong)

1.4. Additional discussions and/or referrals may be offered yearly when the patient returns for follow-up after completion of
cancer-directed therapy or when treatment plans change or evolve, as well as if pregnancy is being considered. The discussions
should be ongoing throughout survivorship and documented in the medical record. (Evidence quality: Low; Strength of
recommendation: Strong)

Qualifying Statement for Recommendations 1.3 and 1.4: It is essential that these discussions take place with all patients,
irrespective of their reproductive risk profile, current family size, cancer prognosis, sexual orientation or identity, religious beliefs,
financial or insurance resources, access to care, or other potential considerations, including disparities.

Risks of infertility from cancer  2.1. Clinicians should offer an evaluation and counseling regarding the risk of reproductive function impairment and infertility to
treatment ensure that all patients are appropriately informed and supported in managing the potential reproductive impacts of their cancer
treatment. This assessment should consider specific patient groups known to be at increased risk due to the gonadotoxic nature
of the therapies they receive or could receive in the future, and those on longer-term treatments that delay or preclude the ability
to conceive. It should also consider those for whom the risk remains uncertain due to the unknown reproductive toxicity of many
cancer-directed therapies. The effect of chronologic age should also be taken into account for females due to increased infertility

risk with concomitant aging. (Evidence quality: Moderate; Strength of recommendation: Strong)

Fertility preservation in males  3.1. Sperm cryopreservation: Cryopreservation of ejaculated sperm (sperm banking) should be offered prior to initiating cancer-
directed therapy. Health care clinicians should discuss sperm banking with all pubertal and postpubertal males prior to receiving
cancer treatment. (Evidence quality: High; Strength of recommendation: Strong)

Qualifying Statement for Recommendation 3.7: More sperm samples will provide greater flexibility in future fertility treatments,
ie, inseminations versus IVF. While fertility clinicians empirically recommend a minimum of three ejaculates of sufficient quality,
achieving this may not be feasible for all patients. Clinicians should adopt a flexible approach and collect as many ejaculates as
possible before the start of gonadotoxic therapy. Importantly, any cryopreserved sperm can offer a chance for biological
parenthood.

3.2. Testicular sperm extraction (TESE): TESE with sperm cryopreservation should be offered to pubertal and post-pubertal males
who cannot produce a semen sample, before cancer treatment begins. (Evidence quality: High; Strength of recommendation:
Strong)

3.3. Hormonal gonadoprotection: Hormonal suppression therapy should not be offered to males as an approach for preserving
fertility. It is not effective and therefore not recommended. (Evidence quality: High; Strength of recommendation: Strong)

3.4. Other methods to preserve male fertility: Other methods, such as testicular tissue cryopreservation in pre-pubertal males and
reimplantation or grafting of human testicular tissue, should be performed only as part of clinical trials or approved experimental
protocols. (Evidence quality: Very low; Strength of recommendation: Strong)

3.5. Post-treatment setting: Males should be advised of a potentially higher risk of genetic damage in sperm collected soon after
initiation and completion of antineoplastic and/or radiation therapy. It is strongly recommended that sperm be collected before
initiation of treatment because the quality of the sample and sperm DNA integrity may be compromised after a single treatment.
Although sperm counts and quality of sperm may be diminished even before initiation of therapy, and even if there may be a
need to initiate chemotherapy quickly such that there may be limited time to obtain optimal numbers of ejaculate specimens,
these concerns should not dissuade patients from banking sperm. Intracytoplasmic sperm injection allows the future use of a
very limited amount of sperm; thus, even in these compromised scenarios, fertility may still be preserved. (Evidence quality: Low;
Strength of recommendation: Strong)

Fertility preservation in females 4.1. Embryo cryopreservation: Embryo cryopreservation should be offered as it is an established fertility preservation method, and
it has routinely been used for storing embryos after in vitro fertilization. (Evidence quality: High; Strength of recommendation:
Strong)

4.2. Mature oocyte cryopreservation: Cryopreservation of unfertilized oocytes should be offered as it is an established fertility
preservation method and may be especially well suited to females who do not have a male partner, do not wish to use donor
sperm, or have religious or ethical objections to embryo freezing. Oocyte cryopreservation should be performed in centers with
the necessary expertise. (Evidence quality: High; Strength of recommendation: Strong)

Qualifying Statements for Recommendations 4.1 and 4.2:

Embryo and oocyte cryopreservation are both recommended options for fertility preservation in female patients with cancer
undergoing gonadotoxic therapy. The choice between embryo and oocyte cryopreservation should be guided by patient
preferences, clinical considerations, and individual circumstances including future flexibility, success rates, and legal
considerations.

The Expert Panel emphasizes shared decision-making among the primary oncology team, the reproductive endocrinology team,
and the patient to determine safety and appropriateness of ovarian stimulation and to tailor protocols.

Flexible ovarian stimulation protocols for oocyte collection are available. Timing of this procedure no longer depends on the
menstrual cycle in most cases, and stimulation can be initiated with less delay compared with older protocols. Thus, oocyte

(continued on following page)

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume 43, Issue 12 | 1493


http://ascopubs.org/journal/jco

Downloaded from ascopubs.org by 37.19.196.52 on December 10, 2025 from 037.019.196.052

Copyright © 2025 American Society of Clinical Oncology. All rights reserved.

Su et al

TABLE 3. Summary of Fertility Preservation Recommendations (continued)

Overarching Topic

Recommendation

harvesting for the purpose of oocyte or embryo cryopreservation is now possible on a cycle day—independent schedule. Of
special concern in estrogen-sensitive breast and gynecologic malignancies is the possibility that these fertility preservation
interventions (eg, ovarian stimulation regimens that increase estrogen levels) may increase the risk of cancer progression or
recurrence. Aromatase inhibitor—based stimulation protocols are now well established and may alleviate these concerns. In
particular, there is no increased cancer recurrence risk as a result of aromatase inhibitor—supplemented ovarian stimulation.

4.3. Post-treatment setting: Embryo and oocyte cryopreservation for fertility preservation may be offered in the post-treatment
setting to patients who did not undergo fertility preservation before their cancer treatment but are at risk of primary ovarian
insufficiency or infertility. They may also be offered to survivors who previously underwent fertility preservation but may not have
enough cryopreserved tissue to meet their desired family size, as well as for those who want or need to delay childbearing and
consequently face the risk of age-related fertility decline, which may be accelerated in cancer survivors. (Evidence quality:
Moderate; Strength of recommendation: Strong)

Qualifying Statement for Recommendation 4.3: In the post-treatment setting, the efficacy of oocyte retrieval and embryo creation is
contingent upon the presence of a viable ovarian reserve, which can be assessed through markers such as anti-Mullerian
hormone (AMH) levels and antral follicle count (AFC). It is important to acknowledge that the reproductive potential of gametes
may be affected by the proximity to cancer treatment. Due to timelines of oocyte development, there may be no oocyte yield
within 3 months of last chemotherapy dose. Patients should be counseled on the unknown reproductive potential and offspring
health of gametes obtained proximal to gonadotoxic therapy.

4.4, |n vitro maturation (IVM): IVM of oocytes may be offered as an emerging FP method. (Evidence quality: Low; Strength of
recommendation: Conditional)

Qualifying Statement for Recommendation 4.4: IVM has lower pregnancy and live birth rates compared to IVF in females without
cancer. The pregnancy and live birth rates of IVM in cancer survivors is unknown.

4.5. Ovarian transposition: Ovarian transposition (oophoropexy) may be offered to reproductive-aged patients when pelvic
irradiation is required. However, because of radiation scatter, ovaries are not always protected, and patients should be aware that
this technique is not always successful. Because of the risk of remigration of the ovaries, this procedure should be performed as
close to the time of radiation treatment as possible. (Evidence quality: Moderate; Strength of recommendation: Strong)

Qualifying Statement for Recommendation 4.5: Ovarian transposition is not suitable for patients with a moderate or high risk of
ovarian metastasis, or those receiving concomitant gonadotoxic chemotherapy.

4.6. Uterine transposition: Uterine transposition in reproductive-aged patients remains experimental and should be offered only as
part of a clinical trial or approved experimental protocols. (Evidence quality: Low; Strength of recommendation: Conditional)

4.7. Conservative gynecologic surgery:

a. For patients with stage IA2 to IB1 cervical cancer, radical trachelectomy may be offered to preserve fertility if the tumor
diameter is <2 cm and invasion depth is <10 mm

b. For patients with well-differentiated (grade 1) endometrial tumors with minimal myometrial invasion, as confirmed by
magnetic resonance imaging, fertility-sparing surgery may be offered. Hormonal therapy using progestins, either orally or via
an intrauterine device, is the primary fertility-preserving option for early-stage endometrial cancer.

c. Patients with stage IA grade 1 epithelial ovarian cancer after thorough staging may be offered fertility-sparing surgery. Uterine
preservation may be considered in other stages and grades to enable future use of assisted reproductive technologies.

d. In other gynecologic malignancies, less radical surgeries may be offered to spare reproductive organs when clinically
appropriate. (Evidence quality: Moderate; Strength of recommendation: Strong)

Qualifying Statement for Recommendation 4.7: Each surgical decision should balance optimal oncologic care with the patient's
fertility goals, involving a multidisciplinary team for comprehensive treatment planning and follow-up care.

4.8. Ovarian suppression: Gonadotropin-releasing hormone agonists (GnRHa) should not be used in place of established fertility
preservation methods such as oocyte, embryo, or ovarian tissue cryopreservation. GnRHa may be offered as an adjunct to
females with breast cancer. Beyond breast cancer, the potential benefits and risks of GnRHa warrant further investigation, and
trials are encouraged. (Evidence quality: Moderate; Strength of recommendation: Conditional)

4.9. Ovarian suppression: For patients with oncologic emergencies requiring urgent chemotherapy, GhRHa may be offered and can
provide benefits such as menstrual suppression. (Evidence quality: Low; Strength of recommendation: Conditional)

4.10. Ovarian tissue cryopreservation and transplantation: Ovarian tissue cryopreservation (OTC) for the purpose of future
transplantation may be offered to patients with cancer as an established fertility preservation method. As it does not require
ovarian stimulation, it can be performed immediately in those unable to delay chemotherapy. In addition, it does not require
sexual maturity and hence may be the only method available in prepubertal patients. This method may also be offered as an
emerging method to restore global ovarian function. While this option may be offered as an alternative to embryo or oocyte
cryopreservation, it may also serve as an adjunct option. Proceeding with OTC should be guided by patient preferences, clinical
considerations, and individual circumstances including future flexibility, success rates, and legal considerations. (Evidence
quality: Moderate; Strength of recommendation: Strong)

Qualifying Statement for Recommendation 4.70: Evaluating cancer survivors for residual neoplastic cells before ovarian tissue
transplantation is essential to mitigate disease transmission risks and to prioritize patient safety. There is a theoretical risk of
reintroducing malignant cells but the clinical significance of this is unknown. To reduce this risk, OTC may be deferred until post-
treatment MRD negativity is achieved.

Fertility preservation in children 5.1. Clinicians should offer established methods of fertility preservation (eg, semen or oocyte cryopreservation) in children and

adolescents who have initiated puberty, with patient assent and parent or guardian consent. For prepubertal children, the only
fertility preservation options are ovarian and testicular cryopreservation, the latter of which is currently investigational. (Evidence
quality: Moderate; Strength of recommendation: Strong)

(continued on following page)

1494 | © 2025 by American Society of Clinical Oncology



Downloaded from ascopubs.org by 37.19.196.52 on December 10, 2025 from 037.019.196.052

Copyright © 2025 American Society of Clinical Oncology. All rights reserved.

Fertility Preservation Update

TABLE 3. Summary of Fertility Preservation Recommendations (continued)

Overarching Topic Recommendation

Role of clinicians 6.1. All clinicians should be prepared to discuss infertility as a potential risk of therapy. This discussion should take place as soon as
possible once a cancer diagnosis is made and can occur simultaneously with staging and the formulation of a treatment plan.
There are benefits for patients in discussing fertility information with clinicians at every step of the cancer journey. (Evidence

quality: Very low; Strength of recommendation: Strong)

6.2. All clinicians should encourage patients to participate in registries and clinical studies, as available, to define further the
gonadotoxic risks of cancer-directed therapies as well as the safety and efficacy of fertility preservation interventions and
strategies. (Good Practice Statement)

6.3. All clinicians should refer patients who express an interest in fertility, as well as those who are ambivalent or uncertain, to
reproductive specialists as soon as possible. (Good Practice Statement)

6.4. Oncology teams should identify and ensure prompt access to a multidisciplinary fertility preservation team including fertility
specialists, trained mental-health professionals for emotional support and guidance on family building decision-making, social
workers, financial counseling and insurance navigation, and genetic counselors. Effective, timely, and regular communication
among team members is essential to provide coordinated, comprehensive care for patients. (Good Practice Statement)

6.5. Health insurance benefit mandates and benefits for fertility preservation should specify comprehensive coverage of guideline-
based fertility preservation services and long-term storage, parity with other insurance benefits, and elimination of prior
authorization. Clinicians should advocate for comprehensive insurance coverage of fertility preservation services for their
patients with cancer with legislators, insurance regulators, and health plans, as well as for clinic-based resources to help patients
access insurance benefits. (Good Practice Statement)

NOTE. The strength of the recommendation is defined as follows: Strong: In recommendations for an intervention, the desirable effects of an
intervention outweigh its undesirable effects. In recommendations against an intervention, the undesirable effects of an intervention outweigh its
desirable effects. All or almost all informed people would make the recommended choice for or against an intervention. Conditional: In
recommendations for an intervention, the desirable effects probably outweigh the undesirable effects, but appreciable uncertainty exists. In
recommendations against an intervention, the undesirable effects probably outweigh the desirable effects, but appreciable uncertainty exists.
Most informed people would choose the recommended course of action, but a substantial number would not.

Abbreviations: AFC, antral follicle count; AMH, anti-Mullerian hormone; FP, fertility preservation; GnRHa, gonadotropin-releasing hormone agonist;
IVF, in vitro fertilization; IVM, in vitro maturation; MRD, measurable residual disease; OTC, ovarian tissue cryopreservation; TESE, testicular sperm

extraction.

risk of AOF increases with radiation dose to the least af-
fected ovary, with 2 Gy resulting in a 1%-5% risk and 250%
risk at 24 Gy for patients age 1-20 years.” Higher radiation
doses to the uterus (212 Gy) are associated with uterine
toxicity and restricted fetal growth during pregnancy.”?
Radiation exceeding 30 Gy to the hypothalamus notably
increases hypothalamic hypogonadism risk, leading to
infertility due to anovulation. Removal of both ovaries and/
or uterus results in infertility. Long-term cancer-directed
therapies that preclude pregnancy also pose infertility risk
due to concomitant decrease in fertility with reproductive
aging.’°+'°5 However, evidence regarding the impact of
other chemotherapies, targeted therapies, and immuno-
therapy on fertility and ovarian function remains limited,
highlighting the need for preclinical and prospective
clinical studies.'83-18>

For males, cancer treatments impact fertility through
mechanisms such as spermatogonial stem cell (SSC) and
testicular somatic cell destruction, impaired ejaculatory
function, and disruption of the hypothalamic-pituitary-
testes axis.’>> Alkylating chemotherapy, platinum agents,
radiation to the testes, and hematopoietic cell transplants
are particularly harmful to spermatogenesis.?°:23:106-108,154,186
While lower doses of testicular radiation and unilateral
orchiectomy have less long-term impact, consensus on
risk stratification cut points is lacking.'”® Evidence re-
garding potential toxic effects on reproduction in males

Journal of Clinical Oncology

from novel therapies, including immune checkpoint in-
hibitors, antibody-drug conjugates, small molecules, and
monoclonal antibody targeted therapies, is scarce and re-
quires further human study.*®>

The Children’s Oncology Group recently reviewed phase III
clinical trials to assess the gonadotoxic risks associated with
standard chemotherapy regimens.****° These therapies were
classified as low, moderate, or high risk, and factors influ-
encing these risk levels included the use of alkylating agents
or heavy metals, hematopoietic cell transplant condition-
ing, and radiation aimed at the hypothalamus or gonadal
regions. It has been suggested that cumulative exposure of
cyclophosphamide with doses exceeding 4 g/m? in males
or >8 g/m?and 12 g/m? in pubertal and prepubertal females,
respectively, be classified as high risk.’?

Clinical Interpretation

Cancer-directed treatments pose differential risks to future
fertility. As such, risk stratification should be part of clinical
infertility risk counseling and FP decision making. Preclin-
ical and prospective clinical data on reproductive risks of
novel cancer-directed treatments are lacking and needed.
Ongoing discussions on reproductive health with docu-
mentation is warranted not only to address fertility needs
post-treatment but also to provide post-treatment FP in
some females.
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FP IN MALES
Sperm Cryopreservation
Literature Review Update and Analysis

The updated literature search identified one systematic re-
view and meta-analysis*® and two observational studies,"”"8
not included in the systematic review, that investigated the
effectiveness of sperm cryopreservation as a method for
preserving fertility in male patients with cancer.

The meta-analysis included 69 nonrandomized studies in-
volving 32,234 adult patients referred for sperm analysis and
23,178 patients who cryopreserved at least one sperm
sample. The pregnancy, miscarriage, and delivery rates were
28%, 13%, and 20%, respectively.?® Ten percent of patients
failed to cryopreserve sperm, 23% of cryopreserved sperm
samples were eventually disposed of, and 9% of cry-
opreserved sperm samples were used in assisted repro-
ductive technology (ART). However, subgroup analyses
showed improved outcomes in recent studies compared to
older studies, with higher pregnancy and delivery rates and a
lower failed-to-cryopreserve rate.

An additional cohort study included 329 patients, with se-
men samples collected before cancer treatments, analyzed,
and frozen using rapid freezing.*® The successful cryo-
preservation rate was 94.5%. Out of the total patients, 8.4%
thawed their semen samples for use in ART. The usage rate
and embryo transfer rate were significantly higher among
patients with testicular cancer (P < .05); however, no sig-
nificant differences were found in pregnancy and live birth
rates (LBRs) between patients with testicular cancer and
those with other cancers.

In an additional observational study involving 30 male pa-
tients with cancer and 30 control donors age 16-45 years,
sperm quality was compared between the groups, before and
after antitumor treatment in patients with cancer, and be-
fore and after sperm cryopreservation.”'” Compared to those
without cancer, sperm quality was lower in patients with
cancer before treatment (P = .01) and further decreased after
treatment (P = .001)."” The sperm concentration and pro-
gressive sperm mobility after the sperm cryopreservation
were significantly lower than that before cryopreservation in
both patients with cancer and control donors (P = .0001 for
all), but DNA fragments of spermatozoa were not signifi-
cantly affected by cryopreservation (P = .829).""7

A recent cross-sectional study surveyed members of
American Society for Reproductive Medicine (ASRM) FP
Interest Group and Society for Male Reproduction and
Urology to achieve consensus on semen cryopreservation
prior to gonadotoxic treatments.”®® Findings indicated
that clinicians typically recommend collecting at least
three ejaculates if the total motile count (TMC) is 25M or
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less, and aliquoting each collection to obtain TMC >5M per
sample.

Testicular Sperm Extraction
Literature Review Update and Analysis

The updated literature search identified one systematic
review*° and three additional studies*®-**' not captured in the
included systematic review.

A systematic review of 34 articles on oncological testicular
sperm extraction (oncoTESE) revealed that testicular sperm
freezing was possible for 42.9%-57.7% of patients before
gonadotoxic treatment, depending on the type of malignant
disease.”® Pretreatment oncoTESEs were primarily con-
ducted in male patients with a testicular tumor, with a
positive TESE result in 57.7% of patients. In men with
Hodgkin lymphoma and non-Hodgkin lymphoma, sperma-
tozoa were found in 42.9% and 50.0% of TESEs, respectively.
These differences were not statistically significant across the
three indications (P > .05).4°

A retrospective study analyzed oncomicrodissection testic-
ular sperm extraction (mTESE) procedures in postpubertal
males with testicular tumors and severe oligozoospermia or
azoospermia at a single center."® Nine patients with germ
cell tumors (GCTs) underwent bilateral mTESE during
orchiectomy. Sperm retrieval occurred in 33% of patients,
with one patient retrieving sperm from the ipsilateral testis,
one from the contralateral testis, and one from both testes.
No complications were reported, and no postoperative
hypogonadism was observed. Out of the three successful
sperm retrievals, two patients underwent intracytoplasmic
sperm injection (ICSI), resulting in two pregnancies: one
healthy live birth and one miscarriage.

A multicenter Australian study assessed the sperm retrieval
rates of oncoTESE in males with testicular tumors and severe
spermatogenic impairment.’?° Out of 13 patients with a mean
age of 34.9 years, sperm was retrieved in six of seven patients
with GCTs, with three patients having sperm retrieved from
the ipsilateral testis and three patients from the contralateral
testis. Sperm retrieval did not negatively impact testosterone
levels in patients with GCTs. Overall, cryopreserved sperm
was used in two patients, with a median follow-up of
38.7 months, resulting in six pregnancies including five
healthy live births and one miscarriage.

Post-Treatment

Studies indicate that in patients with chemotherapy-induced
persistent azoospermia, the success rates for surgical sperm
retrieval range from 37% to 44% per patient, with LBRs
between 40% and 59% per couple.*"53156179 One retro-
spective analysis of 97 survivors of cancer found a successful
retrieval and cryopreservation rate of 50.7% in patients with
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nonobstructive azoospermia and 100% in patients affected
by retrograde ejaculation or failure of emission.'s®

Hormonal Gonadoprotection
Literature Review Update and Analysis

Evidence does not support the effectiveness of hormonal
suppression for FP in males with cancer. The ASCO Expert
Panel does not recommend its use, which is consistent with
existing American'’ and international guidance.*»*

Other Methods to Preserve Male Fertility
Literature Review Update and Analysis

Evidence identified from the updated systematic review
indicates that, although cryopreservation of testicular tissue
is currently the only option to preserve fertility for prepu-
bertal males and pubertal patients unable to produce a semen
sample, testicular tissue extraction and cryopreservation for
FP is considered investigational.*o:*»7:189-19

Risks to Sperm
Literature Review Update and Analysis

Updated evidence'*®'92 confirms that antineoplastic agents
and radiation therapy (RT) can cause significant genetic
damage in conceptuses, although post-treatment DNA
damage is influenced both by the type and intensity of the
therapy and by the pathological and clinical stage of the
disease.'*¢ Alkylating agents and radiation can induce a high
risk of mutations in spermatozoa produced within 1-2
weeks after initiation of therapy.’*> Topoisomerase II in-
hibitors, and potentially microtubule inhibitors, pose
the greatest risk between weeks 5 and 7 of treatment.®?
Nucleoside analogs, antimetabolites, and bleomycin induce
mutagenic effects on spermatozoa during weeks 7-10 of
therapy.'9?

Clinical Interpretation

It remains the case that sperm cryopreservation is the most
effective method of FP in postpubertal males. Due to the
significant concerns around genetic damage to sperm col-
lected after initiation of therapy, it is essential to attempt
sperm cryopreservation prior to starting cancer-directed
therapy. While three collections may be ideal, many males
are unable to provide these optimal collections. For such
patients, even one collection is important to obtain if pos-
sible. Sperm should be cryopreserved in multiple aliquots,
even from a single sample, to facilitate options for multiple
cycles of insemination or in vitro fertilization (IVF). Other
interventions such as TESE may also be considered. Tes-
ticular tissue cryopreservation (TTC) is the only potential
option for prepubertal males and is best performed under the
auspices of an investigational protocol. There is no role for
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hormonal suppressive therapies in male patients. Table 1
summarizes FP options in males.

FP IN FEMALES
Controlled Ovarian Stimulation

Several established methods of FP for females involve
controlled ovarian stimulation (COS) and oocyte retrieval,
including embryo and oocyte cryopreservation. Random
start protocols are available and may be particularly im-
portant for people with cancer so as not to excessively delay
cancer-directed therapy.

Literature Review Update and Analysis

The updated literature search identified 10 studies inves-

tigating general and oncological risks of ovarian
Stimulation‘13,34,48,77y87y88,123,124;158,193

General risks of ovarian stimulation. A systematic
review characterized patients who developed ovarian hy-
perstimulation syndrome (OHSS) after treatment with long-
acting GnRHa following controlled ovarian hyperstimulation
(COH) for FP from three studies.3* Only five patients met the
eligibility criteria, ranging in age from 15 to 39 years, the
majority of whom were diagnosed with breast cancer, and all
patients underwent COH for oocyte cryopreservation with
concomitant use of letrozole. All five patients developed
OHSS with characteristics such as ascites, moderate
hemoconcentration and leukocytosis, hyponatremia, and
oliguria, after administration of long-acting GnRHa. The
interval between ovulation induction and administration of
long-acting GnRHa thereafter ranged from 3 to 5days. All
patients were treated conservatively and recovered without
complications.?*

Large-scale studies have confirmed that the risk of OHSS
rises when more than 15 oocytes are retrieved, as evidenced
by the Society for Assisted Reproductive Technology
registry.>'>4 Conversely, females with benign or malignant
conditions undergoing ovarian stimulation for cryopreser-
vation cycles and retrieving an average of 10-12 oocytes have
not shown increased risks.’>'?3'93 Risk of OHSS can be
mitigated by GnRH agonist triggers in lieu of high-dose
human chorionic gonadotropin (hCG) triggers.'¢"'¢2

Oncologic risks of ovarian stimulation. Concerns
about the safety of conventional protocols due to short-
term exposure to high estrogen levels have prompted the
creation of protocols designed to minimize estrogen ex-
posure in patients with estrogen receptor (ER)—positive
tumors undergoing ovarian stimulation for FP. These al-
ternative protocols include the use of the selective ER
modulator tamoxifen or the aromatase inhibitor letrozole.
However, their effectiveness has not been compared to
standard ovarian stimulation in a RCT.”” While reducing
peak estradiol levels, these alternative protocols did not
impact the number of oocytes or embryos retrieved.®” In a
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randomized trial, patients with ER-positive breast cancer
who underwent FP with either oocyte or embryo cryo-
preservation had similar mature oocyte yields whether
randomly assigned to tamoxifen-gonadotropin or
letrozole-gonadotropin (12 + 8.6 v11.6 = 7.5, P = .81[95%
CI of difference, —2.9 to 3.7]).8® However, as the majority
of included studies were retrospective and/or had a median
follow-up shorter than 5 years, future prospective studies
with longer-term follow-up such as the ongoing Preg-
nancy and Fertility study will help to strengthen these
findings.’>®

A systematic review of 15 studies in 4,643 patients reported
the outcomes of patients with breast cancer who underwent
COS for FP before starting chemotherapy, and the safety of
ART following cancer-directed treatment completion.4®
Females who underwent COS (n = 1,594) had a reduced
risk of cancer recurrence (risk ratio [RR], 0.58 [95% CI, 0.46
to 0.73]) and mortality (RR, 0.54 [95% CI, 0.38 to 0.76])
compared to those who did not receive FP at diagnosis
(n = 2,386). COS did not negatively impact event-free
survival (EFS; hazard ratio [HR], 0.76 [95% CI, 0.55 to
1.06]).%® Similarly, patients exposed to ART after comple-
tion of cancer-directed treatments (n = 123) showed an
improved recurrence ratio (RR, 0.34 [95% CI, 0.17 to 0.70])
compared to those who did not undergo ART (n = 540),
with no difference in EFS observed (HR, 0.43 [95% CI,
0.17 to 1.11]).48

Embryo Cryopreservation
Literature Review Update and Analysis

The updated literature search identified four systematic re-
views with or without meta-analyses investigating reproduc-
tive and safety outcomes of embryo cryopreservation.3©:33:37:47

Efficacy
Pregnancy and LBR

A meta-analysis of nine studies on pregnancies resulting
from embryo cryopreservation found a pooled pregnancy
rate of 49.0%.%” The corresponding LBR was 35.3%.47 An-
other meta-analysis, which included 14 studies with 175
females—mostly with gynecological or hematological
cancers—found a pooled LBR of 41% (95% CI, 34% to 48%)
following frozen-thawed embryo transfer.3’

Risks

Miscarriage

The risk of miscarriage following frozen-thawed embryo
transfer was assessed in a meta-analysis of 10 studies in-
volving 101 females, with a pooled miscarriage rate of 22%

(95% CI, 14% to 30%).3” Another meta-analysis of six
studies found the pooled miscarriage rate of 16.9%, based
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on the cumulative number of miscarriages per embryo
transfer.#” Additionally, a systematic review reported a
miscarriage rate of 20%.3°

Mature Oocyte Cryopreservation
Literature Review Update and Analysis

The updated literature search identified six systematic
reviews *+ meta-analyses3?:33:3437.47.48 jnyestigating on-
cologic, reproductive, and safety outcomes of cryopres-
ervation of unfertilized oocytes and an additional six
studies®®122:123.126,127,193 focysing on FP in females with
hormone-sensitive cancer.

Efficacy
Clinical Pregnancy Rate

Pooled data from seven studies reporting on clinical preg-
nancies resulting from oocyte cryopreservation found a rate
of 34.9%.47

LBR After Oocyte Vitrification

The updated evidence of pooled data estimates that LBR after
IVF with vitrified oocytes ranges from 26% to 32%.3°:37:47
Embryo cryopreservation is associated with LBRs ranging
from 35% to 41%, while oocyte cryopreservation is associ-
ated with LBRs ranging from 26% to 32%.3°37/47

Risks
Miscarriage

Eight studies involving 177 females were analyzed for
miscarriage after IVF with vitrified oocytes.?” Using a
random-effect model, the percentage of females experi-
encing miscarriage was 11% (95% CI, 6% to 19%). In data
pooled from 14 RCTs, the risks of pregnancy loss were not
increased with letrozole versus clomiphene (risk difference
[RD], —0.01 [95% CI, —0.06 to 0.04]), and the risks were
reduced when pooling data from six cohort studies (RD,
—0.09 [95% CI, —0.17 to —0.00]).7®

Potential Risks to Offspring

The long-term follow-up of 15 children conceived with
cryopreserved oocytes in 508 patients with cancer be-
tween 1996 and 2021 revealed all the children had normal
growth and development, although one minor malfor-
mation (labiopalatoschisis) was reported.’?° These find-
ings are consistent with older reports of a congenital
anomaly incidence of 1.3%.'2® Furthermore, when com-
pared to fresh oocytes, long-term cryopreservation does
not appear to result in an increased occurrence of em-
bryonic aneuploidy.*>°
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Post-Treatment Embryo or Oocyte Cryopreservation

While evidence indicates patients in the post-treatment
setting are more likely to cancel during stimulation and ob-
tain fewer oocytes and embryos compared to pretreatment or
age-matched patients without cancer,'?>131151159163 it ig fea-
sible to stimulate multifollicular development, retrieve oo-
cytes, derive embryos, and have live births. On the timing of
when it is ideal to undergo post-treatment embryo or oocyte
cryopreservation, long-term follow-up of AMH levels, which
reflect ovarian reserve, shows that post-treatment AMH
levels typically increase for 2-3 years, plateau for 10-15 years,
and then decline.’>>'” This trend is consistent for low and
moderate gonadotoxic treatments, but for highly gonadotoxic
treatments, AMH levels decline sooner after the initial peak,
indicating an optimal recovery period for maximizing oocyte
yield.*”” AMH trajectories indicate a possible timing window
for FP for some but not all survivors.°

For females desiring FP soon after start of cancer therapy,
successful ovarian stimulation and oocyte retrievals have
been reported,’3115:167:169 byt the fertility potential and off-
spring health risks of oocytes from recently exposed to
cancer-directed treatments are unknown.

Clinical Interpretation

Embryo and oocyte cryopreservation are established
methods of FP, with the strongest effectiveness data for
embryo cryopreservation, although live birth data are ART
clinic-dependent. Post-treatment FP is feasible for females
at risk of iatrogenic infertility who did not undergo pre-
treatment FP or who did not cryopreserve enough oocytes or
embryos to support their family building goals. As such, the
opportunity to undertake these services both before and
after cancer-directed treatment to prevent iatrogenic in-
fertility is central to FP care. The decision to freeze oocytes
versus embryos should be made by the patient following
counseling on differences in effectiveness, their personal
wishes and goals, financial costs, and legal landscape.

Ovarian Suppression
Literature Review Update and Analysis

Evidence from existing guidelines,®'3->'7 systematic reviews
and meta-analyses,8:34:57:58,60,62,64,70 randomized trials,?° 93
and observational studies'3*3>'33 provide the updated evi-
dence base for GnRHa in patients undergoing alkylating
chemotherapy.

Efficacy

The evidence does support an increased likelihood of pre-
served ovarian function and pregnancy among patients with
cancer undergoing concurrent GnRHa and alkylating che-
motherapy treatment compared to those who do not receive
GnRHa.'®:58:62,64,70,90,92,133,194 However, evidence supporting
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improved fertility outcomes for most types of cancer or in
females receiving other systemic cancer-directed treat-
ments remains limited.57:58:626270.93 A meta-analysis
revealed that out of 873 females with early-stage breast
cancer treated with GnRHa during chemotherapy in five
trials, 37 (10.3%) experienced post-treatment pregnancies,
compared to 20 (5.5%) treated with chemotherapy alone,
indicating a higher incidence rate ratio of 1.83 (95% CI, 1.06
to 3.15; P = .03).5® Nevertheless, interpretation of the evi-
dence is challenged by the lack of blinding in trials, resulting
in a bias evident through increased reported pregnancy
attempts in certain trials and a higher incidence of preg-
nancies among patients in the GnRHa arms.*?> Furthermore,
only one trial®> included post-treatment pregnancy as a
preplanned secondary end point.

Clinical Interpretation

GnRHa treatment during systemic cancer-directed treat-
ment modestly increases pregnancies and decreases risks of
ovarian insufficiency in breast cancer survivors.o-58:60-6270
While applying the findings to other cancers and cancer-
directed treatments is controversial, given lack of adequately
powered clinical trials, on balance, GnRHa offers menstrual
bleeding control and an option for patients who do not have
time to undergo oocyte or embryo cryopreservation and are
not candidates for OTC. GnRHa does result in estrogen
deprivation symptoms, for example, vasomotor symptoms
and sexual dysfunction.

In Vitro Maturation
Literature Review Update and Analysis

The updated literature search identified three systematic
reviews * meta-analyses,*>*>75 one RCT,® and 16 obser-
vational studies'34141:144:145,148,164-166,168,170 jpyestigating out-
comes of IVM methodologies following oocyte retrieval from
in vivo ovaries or from ovarian tissue oocytes. IVM involves
culturing immature oocytes to reach metaphase II, a stage in
which oocytes can then undergo fertilization.

Efficacy

One systematic review evaluating the benefit of IVM in stan-
dard ovarian stimulation among those undergoing FP included
eight studies, involving 1,040 patients with cancer, half of
whom had breast cancer.”> A total of 7,711 oocytes retrieved
among the cancer population were included in this review. With
an overall oocyte maturation rate of 59.7%, IVM led to the
cryopreservation of 335 embryos and 2,380 oocytes for future
use. Despite variations in patient characteristics, IVM improved
the number of mature oocytes following IVF cycles, demon-
strating similar survival rates, meiotic resumption rates, and
blastocyst formation compared to standard protocols.”

The application of IVM among immature oocyte harvest in
combination with OTC, ovarian tissue oocyte-in vitro
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maturation (OTO-IVM) was investigated in a systematic
review that included 12 studies involving prepubertal and
postpubertal females with cancer.”* The included studies
reported a total of 5,724 oocytes retrieved with concurrent
OTC. The mean oocyte retrieval was 11.27 oocytes for each
patient. Following OTC, 33.8% of immature oocytes suc-
cessfully matured via IVM and, afterward, 20.4% were
successfully cryopreserved.“> Furthermore, 118 embryos
were obtained following IVF or ICSI, with a mean fertilization
rate of 64.5% in post-IVM oocytes.*3

Additional evidence from RCTs and observational studies
support both IVM approaches. One study reported high
maturation rates, between 57% and 70% for OTO-IVM and
between 73% and 82% for immature oocytes retrieved
transvaginally (OPU-IVM).*” This resulted in a mean of
7.6 = 5.7 oocytes vitrified in OTO-IVM and 4.6 + 4.9 in OPU-
IVM, compared to 6.8 = 4.6 in ovarian stimulation patients.
Moreover, the use of a biphasic IVM system demonstrated
higher maturation rates (56% v 35%, P = .0045), lower
degeneration rates after IVM (2% v 11%, P = .2298), im-
proved fertilization rates (80% v 68.4%, P = .3454), and
higher blastocyst formation rates (16% v 0%, P = .2086) in
patients with gynecological cancer.'** Another study showed
successful oocyte and blastocyst vitrification from oopho-
rectomy samples, especially in younger patients with higher
AMH levels.’*> Compared to infertility patients, COS followed
by IVM resulted in a lower proportion of immature oocytes
(30.0% Vv 43.6%, P < .05) and fewer oocytes matured in vitro
(1.39 v 2.48 per patient, P < .05)."4® However, the fertilization
and embryo development rates of IVM oocytes were com-
parable to those of in vivo matured oocytes.’*® Some limi-
tations were identified, such as the presence of ovarian cysts,
which could reduce the number of mature oocytes in OTO-
IVM procedures. “ Studies concluded that priming methods
(either hCG or GnRHa) before IVM cycles did not signifi-
cantly affect oocyte maturation, making both methods viable
for urgent FP in patients with cancer.59:136168

Several reports of live births following IVM have been
documented in the literature, with 16 live births reported
among patients with cancer.137-141,145,164-166,170,196

Clinical Interpretation

IVM in patients with cancer is an emerging FP method. While
obtaining mature oocytes and embryos appears feasible, the
processes remain inefficient compared to COS, few ART
laboratories have reported expertise in this technique, and
there are very few births to estimate likelihood of outcomes
reliably.

Ovarian Transposition

Literature Review Update and Analysis

The updated literature search identified four systematic
reviews + meta-analyses assessing the efficacy and risks of
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transposition of the ovaries in patients requiring local pelvic
radiation treatment.3"52:67.79

Efficacy
Ovarian Function

The efficacy of laparoscopic OT in preserving ovarian
function among premenopausal females undergoing pelvic
RT for anorectal malignancies was assessed in a recent
meta-analysis.>* A total of 10 studies involving 133 patients
with rectal or anal cancer who underwent OT before RT were
analyzed and pooled data showed a 66.9% incidence of
preserved ovarian function. Another systematic review of OT
before radiotherapy analyzed nine studies involving 323
patients.” The results showed that both lateral and medial
OT effectively preserved endocrine function, with no
statistically significant difference between the two
groups. Moreover, the only comparative study included in
the review'? found that 76% of patients undergoing OT
prior to neoadjuvant therapy had preserved ovarian
function at 12 months’ follow-up, compared to 0% of
patients not undergoing OT (P < .001). Among females with
cervical cancer who underwent OT, a systematic review of
29 studies involving 1,160 patients showed a high pro-
portion of preserved ovarian function: 91% (95% CI, 83%
t0 100%) in the surgery alone group, 93% (95% CI, 76% to
113%) in the surgery = brachytherapy group, and 61%
(95% CI, 55% to 69%) in the external-beam pelvic
radiotherapy + brachytherapy + surgery group.®” However, a
lower rate of ovarian function preservation after OT and
pelvic radiotherapy of 61.7% has been reported in pooled
data from 1,377 premenopausal females with cervical cancer.5?
This lower rate of ovarian function preservation reported
may be attributed to inadequate surgical techniques, which
could expose the transposed ovaries to scatter radiation, and
advancing patient age, as older patients are more susceptible
to ovarian failure even with smaller radiation doses.'*”

Pregnancy

Successful pregnancies following OT have been reported in
the literature. Evidence collected in a recent systematic re-
view found six pregnancies in 191 patients (3.14%) with
anorectal malignancies.3' This is in accordance with older
studies in other patient populations. A total of 12 live births
(one twin) and three miscarriages in 11 patients with
Hodgkin’s lymphoma over a median period of 14 years after
OT have been reported.’*” In 37 patients who underwent OT
alongside uterine conservation and pelvic irradiation ther-
apy for pelvic cancer, findings revealed an overall pregnancy
rate of 32%, with 12 out of 37 patients conceiving.'4¢ Among
these 12 patients, a total of 18 pregnancies were achieved.
Further analysis based on diagnosis categories (group 1: 27
patients with clear cell adenocarcinoma of the vagina and/or
cervix; group 2: nine patients with ovarian dysgerminoma
and one patient with uterine sarcoma) indicated a lower
pregnancy rate in group 1 (15% v 80%)."*¢ Additional
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systematic review evidence indicates that medial OT sig-
nificantly outperformed lateral OT in terms of reproductive
outcomes, with higher pregnancy (49.2% v 6.5%, P = .001)
and LBRSs (45% V 13.4%, P = .003).7°

Risks

While complications of OT are rare, evidence from sys-
tematic reviews + meta-analyses report on the following:

Surgical Complications

A complication rate of 8.5% from OT has been reported in
patients with cervical cancer from systematic review evi-
dence, including small bowel obstruction related to post-
surgical adhesions.>? Data of 30-day postoperative morbidity
from seven studies included in a meta-analysis found only
one patient (1.2%) encountered a postoperative complica-
tion, postoperative aspiration pneumonia, and no intra-
operative complications were reported.

Metastases

Among patients with cervical cancer undergoing OT, the
incidence of ovarian metastasis is reported to be 0.4%.52

Uterine Transposition
Literature Review Update and Analysis

The updated literature search identified two systematic
reviews assessing the efficacy of transposition of the uterus
in patients requiring pelvic radiation treatment.>+85

Efficacy

A systematic review of the literature on uterine transposition
as a surgical method to preserve reproductive function in
patients undergoing pelvic radiotherapy analyzed 18 re-
ported patients.®> The median patient age was 29, with rectal
cancer being the most common indication. Over a median
follow-up of 25 months, three patients achieved successful
pregnancies out of five who attempted. One patient expe-
rienced tumor recurrence and died.®>

A second systematic review of uterine displacement tech-
niques compared uterine transposition versus uterine ven-
trofixation as techniques to preserve uterine function in
patients undergoing radiotherapy for rectal or anal cancer.>*
Uterine transposition was found to be more effective in
protecting the uterus from radiation doses compared to
ventrofixation, with maximum doses of approximately
3.05 Gy and 7.9 Gy for rectal and anal cancers, respectively.>*

Surgical Risks

Uterine transposition is a complex procedure with higher
risks compared to OT, including complications similar to
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those of a hysterectomy. Uterine ventrofixation is simpler,
with no reported complications, and involves lower ra-
diation exposure to the uterus. Despite the promising
findings, the limited number of patients and obstetric
outcomes prevent definitive conclusions about the pre-
ferred technique. Both procedures could be considered for
young females with pelvic cancer desiring FP; however,
further evaluation and prospective clinical trials are needed
to confirm their effectiveness in preserving fertility in
patients with cancer.

Conservative Gynecologic Surgery
Literature Review Update and Analysis

The updated literature search identified 24 systematic
reviews = meta-analyses, 16 that focused on patients with
Cervical Cancer’29132135739141)42)4615();51154159163)66)80)1431171 five on
ovarian cancer,?”:38536881 one on early-stage endometrial
cancer,> and two on gynecologic cancers in general.#%¢

Efficacy

Reproductive outcomes. A systematic review*® found
reproductive outcomes following fertility-sparing surgery
(FSS) varied across tumor types, with pregnancy rates
ranging from 45% to 66% in cervical cancer, 74% in ovarian
cancer, and 67% in endometrial cancer.

Cervical cancer. In a systematic review of 68 studies
encompassing 3,592 patients who underwent FSS for early-
stage cervical cancer, the mean clinical pregnancy rate (CPR)
was 53.2%.4* Those who underwent vaginal radical trache-
lectomy had the highest CPR (67.5%). The mean LBR was
67.8%. Twenty-one percent of pregnancies after FSS re-
quired ART.“* Another systematic review that included 88
studies and 2,838 females with early cervical cancer who
underwent FSS found that nearly half attempted pregnancy,
with 37.4% achieving at least one pregnancy either spon-
taneously or through ART.>* Among these pregnancies,
63.9% resulted in live births, while 37.6% were preterm. The
primary cause of preterm births was postoperative cervical
length restriction, which lead to cervical incompetence and
ascending infections, ultimately increasing the risk of
clinical or subclinical chorioamnionitis. Of 64 attempted
pregnancies in patients with IB2 cervical cancer and tu-
mors 2-4 cm who underwent neoadjuvant chemotherapy
(NACT) and subsequent FSS, there were 76.6% viable
deliveries, which included six preterm births (9.4%).8°
Comparing the reproductive outcomes of patients with
cervical cancer who underwent minimally invasive surgery
(MIS) versus abdominal trachelectomy, pooled data found
that among 49 females who attempted to get pregnant,
31.3% (5/16) and 51.5% (17/33) in the MIS and abdominal
surgery groups, respectively, succeeded in conceiving.?®
Additional systematic review evidence indicates the low-
est pregnancy rate is observed in patients undergoing
radical trachelectomy by laparotomy (36%).4>
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In patients with early-stage cervical cancer 22 cm, surgery-
based fertility-sparing treatment showed a pregnancy rate
of 18%-22%, birth rate of 11%, and preterm rate of 10%.293
Fertility-sparing treatment using the NACT approach
showed a pregnancy rate of 44%, with a birth rate of 45% in
patients who managed to get pregnant. The preterm rate was
44%, and pregnancy rates and birth rates were statistically
significant (P < .001).3*

In 40 patients from 11 studies with cervical cancer and tumor
diameter >4 cm who underwent NACT and attempted FP
surgery, six patients tried to conceive, and four (67%)
achieved at least one pregnancy and three of the five
pregnancies (60%) were preterm deliveries (all after radical
trachelectomy).3®

Ovarian cancer. Regarding patients with ovarian cancer, a
meta-analysis of 23 studies and 1,126 patients with stage I
epithelial ovarian cancer (EOC) after FSS found the pooled
pregnancy rate was 30% (95% CI, 0.26 to 0.34), and the
pooled natural conception rate was 26% (95% CI, 0.20 to
0.33). The pooled LBR was 27% (95% CI, 0.22 to 0.32).38

Endometrial cancer. Pooled data from a recent meta-
analysis showed the proportion of females with stage I
grade 1 endometrial carcinoma achieving a live birth was
20% (95% CI, 15% to 25%) overall, and 22% (95% CI, 7.0%
to 38%) among the patients who underwent hysteroscopic
resection plus adjuvant hormonal treatment and achieved
complete remission.?>

Additional evidence for reproductive outcomes in patients
with cervical46:5:5159,63.66171 and ovarian® cancers is con-
sistent with these findings.

Oncological Outcomes

A systematic review*® included 153 studies with 7,544, 3,944,
and 1,229 patients who underwent FSS for cervical, ovarian,
and endometrial cancers, respectively. Overall, recurrence
rates after FSS ranged from 3.1% to 4.5% in cervical cancer,
15.7% in ovarian cancer, and 34.7% in patients with endo-
metrial cancer. Rates are comparable to standard surgery for
early-stage cervical*? and ovarian cancers,?” but higher for
endometrial cancer, indicating a heightened need for careful
patient selection.'o®

Cervical cancer. For patients with early-stage disease,
small tumors, favorable histology, and negative lymph
nodes, fertility-sparing options such as cervical coniza-
tion, simple trachelectomy, and radical trachelectomy
may be suitable options. In a systematic review of 68
studies encompassing 3,592 patients who underwent FSS
for early-stage cervical cancer, the mean cancer recur-
rence rate was 3.2%, and the cancer death rate was 0.6%
with no statistically significant difference across surgical
approaches.* Similarly, in 5,862 patients with stage IB1
disease from 275 studies, recurrence rate in patients un-
dergoing simple conization and trachelectomy, and radical
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trachelectomy by laparoscopic-vaginal approach, lapa-
rotomic approach, or laparoscopic approach are, respec-
tively, 4.1%, 4.7%, 2.4%, and 5.2%.4* In patients having a
stage IB2 disease, the recurrence rate after radical trache-
lectomy by laparotomy was 4.8% (P = .0035).4> Comparing
the clinical outcomes of patients with cervical cancer who
underwent MIS versus abdominal trachelectomy, pooled
data from 1,079 participants found no significant difference
in overall survival (OS; HR, 0.51 [95% CI, 0.16 to 1.65];
P = .881), recurrence rate (RR, 1.26 [95% CI, 0.68 to 2.33];
P = .815), or death rate (RR, 0.54 [95% CI, 0.23 to 1.31];
P = .680) between the MIS and abdominal surgery groups.?*
Other meta-analyses®® also found no difference in OS (odds
ratio [OR], 1.56 [95% CI, 0.70 to 3.45]; P = .27) or recurrence
(OR, 0.63 [95% CI, 0.35 to 1.12]; P = .12) between patients
with early-stage cervical cancer undergoing open or MIS.

The best approach for managing cervical cancer patients
with tumors measuring between 2 and 4 cm, who also want
to preserve fertility, remains unclear. Guidelines suggest
that a radical trachelectomy combined with pelvic lymph
node dissection could be considered as a fertility-preserving
option for selected patients.* In patients with IB2 cervical
cancer and tumors 2-4 ¢cm who underwent NACT and sub-
sequent FSS, a systematic review of 18 studies and 114 pa-
tients found the recurrence rate was 6.1% and two patients
(1.8%) died of disease.®° A retrospective study of 733 patients
with early-stage cervical cancer who had fertility-sparing
procedures found a 7% recurrence rate, with 2.6% of pa-
tients dying after a median follow-up of 72 months.’”* Pa-
tients with tumors larger than 2 cm had a threefold higher
risk of recurrence than those with smaller tumors, irre-
spective of the treatment radicality.'74

A total of 40 patients from 11 studies with squamous cell
carcinoma, adenocarcinoma, or adenosquamous carcinoma
of the cervix and tumor diameter >4 cm (stage IB3) un-
derwent intravenous NACT and attempted FP surgery.>® It
was successful in 26 patients (65%). A complete pathological
response was achieved in 56% of patients, with recurrence
occurring in two patients (7.7%). The disease-free and
overall survival rates at 4.5 years were 92.3% and 100%,
respectively.

Additional evidence for oncologic outcomes in patients with
cervical cancer is consistent with these findings.45:5%:51,59,63171

Ovarian cancer. A meta-analysis of 23 studies involving
1,126 patients with stage I EOC after FSS found the pooled
rate of EOC recurrence was 12% (95% CI, 0.09 to 0.14), which
was not significantly different from the rate among patients
who underwent radical surgery (OR, 0.77 [95% CI, 0.45 to
1.33]).3® Similarly, a meta-analysis of eight studies that
compared 2,223 patients with stage I EOC undergoing FSS
with 5,809 patients undergoing radical surgery found the
difference in OS between FSS and radical surgery was
nonsignificant (HR, 1.03; [95% CI, 0.80 to 1.31]; P = .84).%®
Data on disease-free survival also indicated no difference
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between EOC patients undergoing FSS or radical surgery
(HR, 1.07 [95% CI, 0.73 to 1.58]; P = .72). A meta-regression
of the data indicated there was no statistically significant
effect of cancer stage, grade, and histology on the pooled
HRs.%® Evidence from other systematic reviews?75* support
the finding that survival does not seem to be compromised in
patients with early-stage EOC, borderline ovarian tumors, or
nonepithelial ovarian carcinoma undergoing FSS compared
with those undergoing conventional surgery. While current
observational studies indicate no significant difference in
overall survival or disease-free survival between surgical
approaches for patients with stage I EOC, debate remains
about the suitability of FSS for patients with stage I EOC who
present high-risk features. Additional well-designed studies
are required to enhance the evidence quality on this topic.

Endometrial cancer. In patients with stage I grade 1
endometrial carcinoma, evidence from a meta-analysis that
included nine studies and 126 patients found medical
management with progestins following pathologic diagnosis
resulted in an 84% (95% CI, 68% to 100%) complete re-
mission rate. Of those who achieved complete remission, the
relapse rate was 9.3% (95% CI, 0.0% to 18%).25 Additional
evidence for oncologic outcomes in patients with endome-
trial cancer is consistent with these findings,®¢ although a
pooled relapse rate of 20% with fertility-preserving treat-
ment has recently been reported.?

There is emerging evidence on including molecular classi-
fication to enhance assessment and treatment strategies for
young women seeking fertility-sparing treatment op-
tions.'?? However, more research is required before incor-
porating molecular classification into clinical practice.

OTC and Transplantation
Literature Review Update and Analysis

The updated literature search identified 12 systematic
reviews = meta-analyses3°:36:37/4447,55,56,69,74,82,84,149 and six
additional observational studies™* 472175 investigating re-
productive and safety outcomes after OTC and OTT.

Efficacy

Restoration of ovarian function. A systematic review of
the literature combined with results from patients in a
Danish cohort study found that, out of 237 first OTT patients,
renewed ovarian endocrine function was reported in 95% of
the females.' Further evidence from a systematic review of
25 studies indicates that, in general, 70% of patients that
underwent OTT had restored ovarian and endocrine function
as well as follicular growth.5> Return to menstruation was
reported to take place between 2 months and 1 year after
transplantation.”®> A meta-analysis also considered the
restoration rate of ovarian function and included a total of 12
studies involving 499 females.?” While seven articles re-
ported a 100% restoration rate, analysis of the outcome “no
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ovarian function restoration” revealed a rate of 6%.37 An-
other meta-analysis found menstrual activity outcomes
were reported for 273 females assessed in the included tri-
als.“* Notably, 196 out of these 273 females, constituting 72%
of the cohort, were reported to have resumed menstruation.
The median time for the return of menstrual activity was
found to be 18 weeks, with an interquartile range of 14-22
weeks and a range of 3-48 weeks.** A single-center, ob-
servational, retrospective, cohort study of females who
underwent OTT over a 10-year period found recovery of
endocrine function was observed in all but one woman who
underwent orthotopic transplantation (92.9%, 13 of 14 pa-
tients), in one out of two (50%) females who underwent both
orthotopic and heterotopic transplantation, and in all fe-
males who underwent heterotopic transplantation (100%,
four of four patients).” In another observational study of
12 patients who received orthotopic or heterotopic trans-
plants, ovarian endocrine function was restored for all
grafts, and time to function and graft longevity were similar
between the groups.'’?

Importantly, the return of menstrual activity appeared to align
closely with the restoration of hormonal function.* Specifi-
cally, the median time for FSH levels to decrease to below 25
IU/L was 19 weeks, while the median time for luteinizing
hormone levels to drop below 15 IU/L was 19.5 weeks.4*

Pregnancy after OTC. A recent meta-analysis of 22
studies investigated clinical pregnancies resulting from OTC
in females at risk for infertility because of gonadotoxic
medical treatment.”” The CPR, defined as the cumulative
number of clinical pregnancies per transplant for ovarian
tissue, was pooled and found to be 43.8%. Considering a
cohort study included in the meta-analysis that involved 31
patients with cancer, of whom 22 (71%) had received che-
motherapy prior to OTC, a 32% pregnancy rate (7/22) was
reported for the group with previous chemotherapy expo-
sure compared to no pregnancies (0/9) in those without prior
chemotherapy.’”? The cumulative incidence of pregnancy at 3
years was 0% in patients with no prior exposure to che-
motherapy and 29% in patients harvested after chemo-
therapy.'”> However, the pathology differed between the two
groups, where 95% of patients undergoing chemotherapy
before OTC had hematological malignancies compared to
only 11% in those without prior chemotherapy.'”?

LBR after OTC. Examining LBR following IVF after OTC,
eight studies involving 266 females were analyzed in a meta-
analysis.?” The resulting LBR stood at 19% (95% CI, 15% to
24%). In another meta-analysis of 20 publications, the LBR
for OTC was 32.3%.%7

Pregnancy after OTT. Evidence from a systematic re-
view of 25 studies indicates that 52% of patients reported
pregnancy after OTT, 5° with another systematic review of
20 studies finding 62.5% of females had one or more
pregnancies.>® However, considering evidence from co-
hort studies only and not case reports, the review found
pregnancy rates varied from 3.9% to 19.3% per cycle.>¢
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Pregnancy after OTT was further assessed in a meta-
analysis of 18 studies and 547 females.** A minimum of
one pregnancy was reported in 184 females and, with more
than one pregnancy achieved in some females, the
resulting overall number of pregnancies reported in the
included studies was 290. Similarly, a systematic review
found 131 biochemical and clinical pregnancies were ob-
tained in 95 patients.** The pregnancy rate for frozen-
thawed ovarian tissue transplants was 37% (95% CI, 32%
to 43%).4 Considering the method used to cryopreserve
ovarian tissue, pooled data show the cumulative preg-
nancy rate for ovarian tissue cryopreserved through slow
freezing stood at 37%, while for vitrification, it was
slightly higher at 44%,%* although the number of trans-
plants using tissue frozen by vitrification is limited.
Among 122 individuals in studies that reported timing of
cancer-directed therapy and OTC, 56 patients (46%) had
undergone cancer-directed treatment prior to OTC.**
From these females, a total of 35 pregnancies and 24
live births were reported. Additionally, pooling data from
five studies, stratified by whether participants received
cancer-directed treatment before cryopreservation, found
that participants who did not undergo cancer-directed
therapy before cryopreservation exhibited a trend to-
ward higher pregnancy rates, although this did not reach
statistical significance.*# An additional observational
study found that, among all OTT females after minimum
1-year follow-up, 10 (38.5%) pregnancies were observed
in 26 females, resulting in four live births, two ongoing
pregnancies, and four spontaneous abortions.'*

LBR after OTT. In 1,382 patients from 17 studies analyzed
in a recent systematic review, a total of 121 live births (8.8%)
occurred from ovarian tissue cryopreserved prior to cancer
treatment and reimplanted after patients had completed
oncological treatment.>° Similarly, the live-birth rate for fe-
males undergoing ART following OTT was reported to be
10.3% (range, 3.9%-14.0%) per cycle in a systematic review of
20 studies and 40 females.5° Live births after OT'T were further
assessed in a meta-analysis incorporating 17 studies and 539
females.** Among the females, 134 reported at least one live
birth. Since some females experienced multiple live births, a
total of 166 live births were reported in the studies included in
the meta-analysis. The median number of live births per
patient from frozen-thawed transplants was one, with a range
of one to 4, while for fresh transplants, the median number of
live births per patient was also one, with a range of 1-3. The
LBR for frozen transplants stood at 28% (95% CI, 24% to
34%). Spontaneous LBR following OTT was investigated
across 11 studies involving 342 females in another meta-
analysis and determined to be 33% (95% CI, 25% to 42%).3

Risks

Miscarriage. A meta-analysis examining miscarriage
following OTT pooled data from 10 studies involving 436
females.?” The analysis revealed that 14% (95% CI, 9%
to 21%) of females experienced miscarriage. Additional
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evidence from a meta-analysis that pooled data from 13
studies found a miscarriage rate of 7.5% following OTC. 47
Another meta-analysis of 15 studies found the miscarriage
rate for frozen transplants was 37% (95% CI, 30% to 46%).44
Moreover, the pooled evidence from this meta-analysis
found that significantly fewer miscarriages occurred with
OTC than with embryo cryopreservation.*” The mean age at
cryopreservation in females who had miscarriages was re-
ported to be 27.8 years (standard deviation, 5.8).

Risk of malignancy reintroduction. Asystematic review
identified existing evidence on minimal infiltrative disease
(MID) detection in harvested ovarian tissues.3® A total of 17
studies were analyzed and it was found that 25 patients
tested positive for MID in the OT of at least 115 pediatric
patients diagnosed with solid tumors, hematological ma-
lignancies, and CNS tumors.3¢ Older systematic review evi-
dence from 42 studies and 422 patients found that 7% raised
suspicion of malignant cell infiltration.’# A more recent
review identified two reports of cancers occurring within
transplanted ovarian grafts.** However, a recent case series
of six patients with acute leukemia who underwent OTC
found no leukemia relapse after transplantation and suc-
cessful restoration of ovarian function in all patients, with
two resulting live births.’”> Screening confirmed no malig-
nant cells in the ovarian tissue before transplantation, and
patients remained relapse-free over a median follow-up of
51 months.'”> In patients with leukemia specifically, studies
show that chemotherapy before tissue collection, which
results in MRD-negative bone marrow, carries a lower risk of
malignant cells in the harvested ovarian tissue."3:14158

Risk for offspring. Existing evidence indicates that the
health and perinatal outcomes of children born from
OTC and OTT, such as birth weight and gestational
age, are comparable to those of children from normal
pregnancies.®>"'>149 There appears to be no evidence of in-
creased risk of congenital abnormalities or genetic disorders
following OTT, with estimated rates at 1.2% being compa-
rable to the 1% to 2% rate seen in the general population.®® A
recent systematic review of 58 studies involving 122 patients
and 162 deliveries confirmed that perinatal complication
rates after autologous cryopreserved OTT were comparable
to the general pregnant population, with a slightly higher
incidence of preeclampsia.®> Most newborns had appropriate
birthweights, with low rates of gestational diabetes, preterm
premature rupture of membranes, and neonatal anomalies;
additionally, lower perinatal complication rates were asso-
ciated with no prior chemotherapy and natural conception.®>

Clinical Interpretation

For females with cancer, there are established FP methods
(embryo cryopreservation, oocyte cryopreservation, OTC,
OT, and conservative gynecologic surgery for early-stage
cancers) and emerging ones (IVM, uterine transposition),
which vary in effectiveness for future fertility, patient
burden, and oncologic risks. In addition, GnRHa for ovarian
suppression may be offered as adjunctive therapy for people
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with breast cancer, and to people requiring emergent on-
cologic therapy who are not eligible to receive established
methods of FP and/or who may benefit from menstrual
suppression, such as those with acute leukemia. It is ap-
propriate to consider postcancer treatment oocyte or embryo
cryopreservation for people who did not receive FP prior to
cancer-directed therapy or for those who did not preserve
enough gametes to meet their family building goals. Cancer-
directed treatments can induce not only infertility, but also
premature menopause and associated long-term morbid-
ities. Some FP treatments have the potential to preserve
ovarian function (GnRHa, OT, ovarian sparing surgery, OTT).
Patients may be offered both established and emerging
strategies depending on their needs and capability of the
reproductive specialist and ART lab. Patients should also be
counseled on expectant management, living child-free, and
other manners of family building including oocyte and
embryo donation, surrogacy, and adoption. Table 2 sum-
marizes FP options in females.

FP IN CHILDREN AND ADOLESCENTS
Literature Review Update and Analysis

The updated literature search identified six guidelines,®-121619
seven reviews,2328179,200-203 gand four additional observa-
tional studies'®®31585 jnvestigating FP in children and
adolescents who have initiated puberty.

Female Patients

Cancer therapies, such as chemotherapy, radiation, and
surgical interventions, significantly impact fertility, espe-
cially for gynecologic cancers. Fertility-sparing surgeries
such as cervical conization and trachelectomy are options for
early-stage cervical cancer, while hormonal therapies for
low-grade endometrial cancer may preserve reproductive
function. However, more invasive surgeries for advanced
ovarian cancers remain controversial due to their impact on
fertility and higher risks associated with removing repro-
ductive organs.''¢

Oocyte and embryo cryopreservation are the most effective
methods for postpubertal females, though they require
hormonal stimulation and time, which may not always be
feasible before the initiation of cancer treatment. For patients
unable to undergo oocyte retrieval, OTC offers an alternative.
Originally classified as experimental, OTC has now been en-
dorsed by the ASRM'” and the American Academy of Pedi-
atrics, ' among others," as a standard practice.

There are, however, ethical considerations regarding the use
of OTC in prepubertal females, especially given the limited
evidence of long-term efficacy. Research has shown that
ovarian function can return post-transplant, and clinical
guidelines now support OTC for this population.’®2°> Fur-
thermore, the risk of reintroducing malignant cells during
tissue transplantation is a significant concern, especially for
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patients with hematologic cancers.™ Strategies to ensure the
safe use of cryopreserved tissues are under development.'6185

There are growing concerns about the long-term impact of
newer cancer-directed therapies, such as targeted thera-
pies and immunotherapy, on fertility. Studies highlight the
importance of incorporating these treatments into fertility
discussions as their effects may differ from those of tra-
ditional chemotherapy.'®*®> Furthermore, early interven-
tion significantly improves fertility outcomes in female
childhood cancer survivors, as noted in a recent systematic
review that confirmed positive long-term fertility out-
comes for patients undergoing cryopreservation before
cancer treatment.>®

Male Patients

Sperm cryopreservation is the most established and widely
accepted method of FP in postpubertal males, with pooled
pregnancy rates of 34% with ICSI and 24% per IVF cycle.?¢
Sperm can be collected through ejaculation or surgically
retrieved when necessary. For males who are unable to
produce sperm, surgical sperm extraction followed by
cryopreservation provides a backup option.5'® However,
challenges include minimizing damage during cryopreser-
vation and transplantation, particularly for sensitive tes-
ticular tissue.

For prepubertal males, TTC is the only available option. This
experimental technique involves the harvesting of SSCs from
testicular tissue, with the aim of future fertility restoration.
While TTC has not yet been proven to result in human births,
animal studies have shown promising results, with suc-
cessful restoration of spermatogenesis and viable offspring
following transplantation.?>'°® Despite being experimental,
TTC holds promise, as animal studies have demonstrated the
restoration of spermatogenesis and the production of viable
offspring following transplantation.’*®

Studies emphasize the risks of alkylating agents on male
fertility, particularly in prepubertal males.’*® Research un-
derscores the importance of preserving spermatogonial cells
before cancer treatment begins, as these treatments can
severely impact spermatogenesis.'°® Research has also found
that spermatogonial quantity in prepubertal males under-
going FP is comparable between those with hematological
and nonhematological cancers, indicating that TTC can be
applied broadly across cancer types."*

Clinical Interpretation

The only FP option for prepubertal children is gonadal tissue
cryopreservation. For prepubertal females, OTC is now
considered an established method of FP but requires an
additional surgical intervention and the assent of the child
(when possible and appropriate). For prepubertal males, the
only option (TTC) remains investigational and should be
performed within the context of a clinical trial.
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Ethical and Practical Considerations

FP in children with cancer raises numerous ethical consid-
erations, particularly when balancing immediate life-saving
treatments with the potential to preserve future reproduc-
tive ability. Ethical dilemmas include obtaining patient as-
sent and parental consent for procedures that may not yield
tangible benefits for many years. Children are not typically
capable of making fully autonomous decisions regarding
their future fertility, so parents or guardians must often
decide on their behalf. Furthermore, FP procedures, such as
cryopreservation of ovarian or testicular tissue, may carry
risks that may delay or complicate cancer treatment, raising
questions about whether these risks outweigh the uncertain
benefit of preserving fertility for the future. The potential
for reintroducing malignant cells during tissue transplan-
tation also remains a concern, although ongoing research is
working to mitigate this risk.2°> Long-term fertility man-
agement should be a key consideration post-cancer treat-
ment, and ongoing monitoring for fertility-related issues,
such as hormonal imbalances, should be part of survivorship
care plans.2©4205

Long-term storage and disposal of reproductive material
introduce further ethical complexities, particularly under
current and changing US laws. Cryopreserved reproductive
tissues may need to be stored for decades, and determining
who bears the financial responsibility for this storage can be a
significant issue, especially if families face financial diffi-
culties. Additionally, decisions about the disposal of unused or
nonviable reproductive material may become complicated if
the child reaches adulthood and decides not to use it, becomes
incapacitated, or passes away. US laws governing the disposal
of reproductive tissue vary by state, and many fertility clinics
have agreements in place regarding future use or destruction
of stored material>*® These legal arrangements can some-
times lead to disputes or ethical dilemmas, particularly in
cases where a family disagrees about what should be done.
This underscores the need for clear, national policies on the
long-term storage, disposal, and ownership of reproductive
tissues. These policies are needed to ensure individuals with
cancer have the information needed to make well-informed
decisions on fertility preservation services to support their
family building goals.

The use of posthumous reproduction—using stored gametes
after a person’s death—raises significant ethical and legal
questions.?°? Laws governing posthumous reproduction vary
widely, and it is important that families understand the legal
implications in their jurisdiction. Some fertility clinics may
require explicit consent from the patient (or their legal
guardians in the case of minors) before allowing gametes to
be used for posthumous reproduction, while others might
follow default legal frameworks that prohibit such use
without clear directives. These variations in clinic policies
emphasize the importance of providing comprehensive in-
formation to families about the potential future use of stored
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gametes, ensuring they are aware of the legal and ethical
landscape that may impact decisions years later.

ROLE OF HEALTH CARE CLINICIANS
Literature Review Update and Analysis

As with other potential complications of cancer treatment,
all clinicians have a responsibility to inform patients about
the known and unknown risks that their cancer treatment
poses on future fertility. Clinicians should be aware of
increasing mandated insurance coverage of medically in-
dicated FP, which varies by state and insurance type, and
philanthropic resources, in order to support their patients’
access to FP services and reduce medical financial hardship.
An algorithm for triaging FP referrals is presented in
Figure 1.

Current guidelines continue to underscore the importance
of timely referrals to reproductive specialists and psy-
chosocial professionals for patients with cancer at risk
of infertility.9->415 Referrals should be made as soon
as possible. Psychosocial providers, including social
workers and psychologists, play a critical role in sup-
porting patients emotionally as they navigate the distress
of potential infertility, particularly among patients with
cancer who face increased psychological burdens.>?
Studies show that addressing fertility concerns early
helps reduce long-term emotional distress. Infertility
remains a significant source of distress for cancer survi-
vors, and many express regret when they are not ade-
quately informed of their options.?°®

For people with cancer who are unable to pursue biological
parenthood post-treatment, other family-building options
like gestational carriers, oocyte, sperm, and embryo dona-
tion, and adoption are available. Psychosocial providers can
assist patients and families in the decision-making process
about FP and disposition of stored gamete options that are
legally, morally, and ethically acceptable to them.2*?

LIMITATIONS OF THE RESEARCH AND FUTURE RESEARCH

Review of the literature reveals a paucity of large and/or
randomized studies on the effectiveness of FP services.
Most data come from cohort studies, case series, small
non-RCTs, or case reports. Small sample sizes may have
led to underestimation of outcomes such as LBRs, and data
on unassisted pregnancies were often missing. Addi-
tionally, there is insufficient outcome information on
patients who did not return to use their preserved gam-
etes. The lack of detailed reporting on sperm quality
creates further uncertainty in assessing the impact of FP
on reproductive outcomes. People with cancer infre-
quently receive FP, which limits our knowledge about the
benefits and risks of different interventions, both phys-
ically and psychosocially.
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Multilevel barriers exist to the delivery of guideline-
concordant FP care, but there are few evidence-based,
scalable interventions to support screening patients for FP
needs, referring them to reproductive specialists, and fa-
cilitating access to affordable FP services to deliver care

equitably. Health policies such as insurance mandates for FP
are increasing but there are few data on their effectiveness in
utilization, affordability, and decreasing disparities, and
these mandates often only apply to private insurers. The
association between many emerging social determinants of

Fertility Preservation Assessment and Discussion Algorithm for People with Cancer

Assessment of risk of infertility
Communication with patient

Patient at risk of treatment-induced
infertility
Patient interested in or uncertain
about fertility preservation options

Refer to specialist with expertise in
fertility preservation methods

Discuss appropriateness of
established, emerging, and
investigational fertility preservation
methods?®

Male Patients: Established methods
Sperm cryopreservation®
Testicular sperm extraction

Female Patients: Established methods®
Embryo or oocyte cryopreservationd
Ovarian tissue cryopreservation®
Ovarian transposition
Conservative gynecologic surgery

Female patients: Emerging methods
In vitro maturation

Female patients:
Investigational methods
Uterine transposition

Children: Established methods
Began puberty
Semen, oocyte, or ovarian tissue
cryopreservation
Prepubertal girls
Ovarian tissue cryopreservation

Children: Investigational methods
Prepubertal boys
Testicular tissue cryopreservation

FIG 1. FP assessment and discussion. This is a tool based on an ASCO Guideline and is not intended to substitute for the independent
professional judgment of the treating physician. Practice guidelines do not account for individual variation among patients. This tool
does not purport to suggest any particular course of medical treatment. Use of the guideline and this tool are voluntary.
www.asco.org/survivorship-guidelines. 2Patients and fertility clinics should investigate whether the patient’s plan covers FP services
and where they can receive in-network services. "Some patients may proceed with this without the prior step of seeing a reproductive
specialist. However, consultation with reproductive specialist is recommended. °GnRHa may be offered as an adjunct in females with
breast cancer or for patients with oncologic emergencies requiring urgent chemotherapy. “May also be offered in the post-treatment
setting. °Evaluating cancer survivors for residual neoplastic cells before ovarian tissue transplantation is essential to mitigate
disease transmission risks and to prioritize patient safety. FP, fertility preservation. ©American Society of Clinical Oncology 2025.
All rights reserved. For licensing opportunities, contact licensing@asco.org.
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health and receipt of FP care is understudied. There is also a
lack of knowledge on effective implementation of FP care in
lower-resource settings. Further research is needed on
decision-making regarding the future use of cryopreserved
tissue and posthumous reproduction. Additionally, studies
should explore approaches to FP in patients with limited life
expectancy, including those with metastatic disease. The
Expert Panel encourages additional well-designed studies
evaluating FP procedures and FP care delivery in people with
cancer to help answer these questions. However, the Panel
also acknowledges that the traditional gold standard of
randomized, controlled, and blinded therapeutic studies may
not be feasible in this topic area.

The future of FP procedures for patients with cancer is
evolving with innovative techniques beyond current estab-
lished methods. In females, emerging approaches include
the development of artificial ovaries and stem cell-derived
neofolliculogenesis, which may offer new hope for im-
proving FP outcomes.>® Other research is focusing on ad-
juvant fertoprotective agents aimed at preventing follicle
loss after chemotherapy-induced damage.>" In young male
cancer survivors, experimental strategies like SSC trans-
plantation may also hold promise for future FP.2¢ Further
research and ethical considerations need to be established
before the potential and clinical application of these methods
is confirmed.

PATIENT AND CLINICIAN COMMUNICATION

Health care clinicians can use the following points for a
discussion of infertility and FP with a patient (or parent[s] or
guardian(s]):

Inform Patients and/or Families of Individual Risk:

¢ Some cancer treatments can cause infertility or POI, or for
males, oligospermia or azoospermia

e In order to determine an individual’s risk, the care team
considered a number of factors such as the person’s cancer
type, age, and treatment plan.

e Based on that information, the care team believe that the
person’s infertility risk is (high, medium, low, nonexis-
tent, or uncertain).

o The patient’s reproductive potential before cancer may also
play a role in patient’s individual risk (discuss if relevant).

Discuss Common Concerns:
Options

e There may be several options for FP before and after
cancer treatment to support family-building goals.

O For males, the most common and successful option is to
collect sperm for sperm banking before the start of
treatment. Other experimental options may exist, if
sperm banking is not an option.
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O For females, the most established options are embryo
and egg freezing, and in some situations, freezing
ovarian tissue, moving ovaries away from radiation
fields, and conservative surgery of reproductive or-
gans. Other options may exist, if these are not viable
options.

o A referral can be made to an appropriate reproductive
specialist for a consultation.

Time

o Time is of the essence. Ideally, FP treatments need to be
completed before the start of chemotherapy and/or ra-
diation. In some patients, FP treatments post-treatment
may be indicated.

O For males, sperm banking can be done quickly. A col-
lection can be done once every 24 hours to collect the
desired number of samples.

O For females, FP may take 2-3 weeks for established
techniques that involve collection of eggs (either egg or
embryo freezing). However, some other approaches, in-
cluding some emerging ones, can implemented sooner, so
timely referral to a reproductive specialist is important.

Costs

o There is increasing recognition that FP is an integral part
of cancer care and should be covered by insurance. Some
employers choose to include FP benefits in their insurance
plan. Also, some states require coverage for medically
indicated FP for some insurance plans. The levels of
coverage vary. The fertility center or sperm bank will be
able to check your benefits for you. A patient guide to using
insurance for FP, prepared by the University of California
San Diego and Alliance for Fertility Preservation, may be
useful and can be found online.?
Learn health insurance basics
Verify FP benefit coverage with health insurance plan
Confirm FP state-level benefit mandate requirements
Learn about the appeals process for denials of FP benefit
coverage
¢ Advocacy organizations such as LIVESTRONG Fertile Hope
and some pharmaceutical companies may also provide
cost-saving programs.

Risks of Pregnancy and Children After Cancer

e Many people worry about the safety of pregnancy after
cancer. Data are very limited, but there appears to be no
increased risk of cancer recurrence from FP methods or
pregnancy, even in hormonally sensitive tumors.

e Similarly, many people worry about the risk of passing
cancer along to their children. Aside from hereditary genetic
syndromes and in utero exposure to some chemotherapy
treatments, there is no evidence that a history of cancer,
cancer therapy, or fertility interventions increase the risk of
cancer or congenital abnormalities in the progeny.
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Refer to Appropriate Specialists:
Reproductive Specialists

e For more information about FP, a referral can be provided
to a local fertility specialist and/or sperm bank.

Mental Health Professionals

e Many people find cancer treatment—related infertility
distressing. There is a lot to think about in addition to
cancer. Referral to a counselor can be made, if that would
be helpful. Many reproductive centers also have coun-
selors available to discuss these issues.

Advocacy Organizations

e Many advocacy organizations such as Alliance for FP
and LIVESTRONG Fertile Hope and the Oncofertility
Consortium also provide useful information and resources to
help facilitate decision-making. They may also have financial
assistance programs specifically designed to help with FP.

For recommendations and strategies to optimize patient-
clinician communication, see Patient-Clinician Communi-
cation: American Society of Clinical Oncology Consensus
Guideline.>

HEALTH EQUITY CONSIDERATIONS

Social determinants of health, defined by the World Health
Organization as the conditions in which an individual is born,
grows, lives, works, and ages, can undermine ASCO’s expert
recommendations on best practices for prevention, screening,
palliative and supportive care, and disease management for
many patients with cancer.?42" It is important to acknowledge
that many people in the United States and elsewhere do not
receive the highest level of cancer care due to the long-term
impact of structural racism and the consequential unequal
distribution of wealth among racial groups.?® In addition,
sexual and gender minority populations experience unique
challenges at each stage of the cancer continuum, may face
greater risk of developing cancer, and may be diagnosed
with cancer at a younger age and a later stage than their
heterosexual/cisgender counterparts.*”

Studies highlight significant disparities in the use of FP,
shaped by sociodemographic factors, health care access, and
clinician practices. The studies primarily examine traditional
determinants—racial and/or ethnic disparities among adults
in the United States. There are fewer data on nonheterosexual/
cisgender populations and other minoritized populations.
Studies have reported that only up to 4% of women with
cancer engaged in FP, with lower usage associated with being
older at diagnosis, non-Hispanic Black, parous, or residing in
nonurban or lower socioeconomic areas.'**'7® Participants in
minoritized groups also reported unclear communication and
prohibitive costs. % Moreover, females with lower education
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levels, older age, and those with less common cancers are less
likely to be counseled.'>*8 Clinician-related factors, such as
not initiating fertility discussions or lacking knowledge of FP
referral processes, contribute to these disparities.

In the United States, many patients remain unable to reap the
benefits of innovative prevention and early detection pro-
grams, biomarker testing, and new cancer therapies due to
structural barriers including lack of transportation, stable
housing, adequate insurance coverage, food insecurity, health
literacy, proximity to a dedicated cancer center, and cost of
treatment and other services.”*? Additionally, sexual and gender
minority populations experience stigma along with barriers to
cancer screening, prevention, and treatment that contribute to
these cancer disparities.?*° Disparities widen in those who are
also from a racial or ethnic minority, underscoring the influ-
ence of intersectionality in cancer health disparities.>*

Further, geographic disparities can also impact the quality of
care patients receive. Rural patients are more likely to have
worse survivorship outcomes and experience higher mortality
rates compared to nonrural patients. This can be attributed, in
part, to a lower density of specialists and dedicated cancer
centers, as only 21% of nonmetropolitan counties in the
United States have one or more practicing oncologists.?

Reproductive care should be part of the standard care of all
oncology patients. Cost, access, and time for proven FP
methods may prevent patients from receiving optimal re-
productive care.

COST IMPLICATIONS

Increasingly, individuals with cancer are required to pay
a larger proportion of costs through deductibles and
coinsurance.>?>>*# Higher patient out-of-pocket costs have
been shown to be a barrier to initiating and adhering to
recommended treatments.??522¢ Utilization of FP treatments
is associated with medical financial hardship.?*

Most patients in the United States have insurance coverage
through employer-sponsored insurance, Health Insurance
Marketplace (Affordable Care Act) plans, Medicaid, military
insurance (Tricare, Veterans Administration), or the Fed-
eral Employee Health Benefits Program. FP coverage varies
among these insurance types. In 2024, 17 states and the
District of Columbia passed state-level benefit mandates
that require some state-regulated health insurance plans to
cover medically indicated FP.??® The types of included plans
vary by US states with these mandates. For example, the
Ilinois mandate applies to both commercial and Medicaid
plans, while the California mandate excludes Medicaid
plans. Importantly, only fully funded commercial plans are
subject to state mandates, while self-funded plans (typi-
cally by large employers) are subject only to federal
mandates, which currently do not exist. Moreover, how
much cost-sharing is passed to the patient varies by benefit
design.
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Discussion of cost can be an important part of shared de-
cision-making.?* Clinicians should learn about their state’s
law on FP insurance coverage to know which types of in-
surance could cover FP services and support patient access of
covered services.

When discussing financial issues and concerns, patients
should be made aware of any insurance navigation and fi-
nancial counseling services available to address this complex
and heterogeneous landscape.?*®

GUIDELINE IMPLEMENTATION

ASCO guidelines are developed for implementation across
health settings. Each ASCO guideline includes a community
oncologist member on the panel. The additional role of this
community oncologist member on the guideline panel is to
assess the suitability of the recommendations to imple-
mentation in the community setting, but also to identify any
other barrier to implementation a reader should be aware of.
Barriers to implementation include the need to increase
awareness of the guideline recommendations among front-
line practitioners and survivors of cancer and caregivers,
and also to provide adequate services in the face of limited
resources. The guideline recommendations table and accom-
panying tools (available at www.asco.org/survivorship-
guidelines) were designed to facilitate implementation of
recommendations. This guideline will be distributed widely.
ASCO guidelines are posted on the ASCO website and most often
published in the Journal of Clinical Oncology.

ASCO believes that cancer clinical trials are vital to in-
form medical decisions and improve cancer care, and
that all patients should have the opportunity to
participate.

ADDITIONAL RESOURCES

For current information, including selected updates,
supplements, slide sets, and clinical tools and resources,
visit www.asco.org/survivorship-guidelines. The Data
Supplement for this guideline includes quality assess-
ments, literature search strategy, and PRISMA diagram.
Guideline recommendations and algorithms are also
available in the free ASCO Guidelines app (available for
download in the Apple App Store and Google Play Store).
Listen to key recommendations and insights from panel
members on the ASCO Guidelines podcast. The Method-
ology Manual (available at www.asco.org/guideline-
methodology) provides additional information about the
methods used to develop this guideline. Patient infor-
mation is available at www.cancer.org.

ASCO welcomes your comments on this guideline, including
implementation challenges, new evidence, and how this
guideline impacts you. To provide feedback, contact us at
guidelines@asco.org. Comments may be incorporated into a
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RELATED ASCO GUIDELINES

o Patient-Clinician Communication?'® (http://ascopubs.
org/doi/10.1200/JC0.2017.75.2311)

o Assessment of Adult Women With Ovarian Masses
and Treatment of Epithelial Ovarian Cancer: ASCO
Resource-Stratified Guideline®*® (https://ascopubs.
org/doi/10.1200/G0.21.00085)

e Management and Care of Women with Invasive
Cervical Cancer: American Society of Clinical Oncol-
ogy Resource-Stratified Clinical Practice Guideline?'
(https://ascopubs.org/doi/10.1200/JG0.2016.003954)

¢ Interventions to Address Sexual Problems in People
with Cancer®®? (https://ascopubs.org/doi/10.1200/
JC0.2017.75.8995)

¢ Management of Anxiety and Depression in Adult
Survivors of Cancer®®? (https://ascopubs.org/doi/
10.1200/JC0.23.00293)

e Survivorship Care for People Affected by Advanced or
Metastatic Cancer: MASCC-ASCO Standards and
Practice Recommendations?** (https://ascopubs.org/
doi/10.1200/0P.23.00716)

future guideline update. To submit new evidence or suggest a
topic for guideline development, complete the form available
at www.asco.org/guidelines.

GENDER-INCLUSIVE LANGUAGE

ASCO is committed to promoting the health and well-
being of individuals regardless of sexual orientation or
gender identity.>?> Transgender and nonbinary people, in
particular, may face multiple barriers to oncology care
including stigmatization, invisibility, and exclusiveness.
One way exclusiveness or lack of accessibility may be
communicated is through gendered language that makes
presumptive links between gender and anatomy.?3¢-239
With the acknowledgment that ASCO guidelines may im-
pact the language used in clinical and research settings,
ASCO is committed to creating gender-inclusive guidelines.
For this reason, guideline authors use gender-inclusive
language whenever possible throughout the guidelines. In
instances in which the guideline draws upon data based on
gendered research (eg, studies describing participants as
females with ovarian cancer), the guideline authors de-
scribe the characteristics and results of the research as
reported.


http://www.asco.org/survivorship-guidelines
http://www.asco.org/survivorship-guidelines
http://www.asco.org/survivorship-guidelines
https://apps.apple.com/us/app/asco-guidelines/id1238827183
https://play.google.com/store/apps/details?id=org.asco.guidelines
https://sites.libsyn.com/115284/ascoguidelines
http://www.asco.org/guideline-methodology
http://www.asco.org/guideline-methodology
http://www.cancer.org/
mailto:guidelines@asco.org
http://www.asco.org/guidelines
http://ascopubs.org/doi/10.1200/JCO.2017.75.2311
http://ascopubs.org/doi/10.1200/JCO.2017.75.2311
https://ascopubs.org/doi/10.1200/GO.21.00085
https://ascopubs.org/doi/10.1200/GO.21.00085
https://ascopubs.org/doi/10.1200/JGO.2016.003954
https://ascopubs.org/doi/10.1200/JCO.2017.75.8995
https://ascopubs.org/doi/10.1200/JCO.2017.75.8995
https://ascopubs.org/doi/10.1200/JCO.23.00293
https://ascopubs.org/doi/10.1200/JCO.23.00293
https://ascopubs.org/doi/10.1200/OP.23.00716
https://ascopubs.org/doi/10.1200/OP.23.00716

Downloaded from ascopubs.org by 37.19.196.52 on December 10, 2025 from 037.019.196.052

Copyright © 2025 American Society of Clinical Oncology. All rights reserved.

Fertility Preservation Update

AFFILIATIONS

"University of California, San Diego, San Diego, CA

2American Society of Clinical Oncology, Alexandria, VA

SUniversity of Utah, Salt Lake City, UT

“Dana-Farber Cancer Institute, Boston, MA

SAurora Cancer Care, Milwaukee, WI

SNew York University Grossman School of Medicine, New York, NY
Alliance for Fertility Preservation, Lafayette, CA

8University of California, San Francisco, San Francisco, CA

°Royal Hospital for Children & Young People & University of Edinburgh,
Edinburgh, United Kingdom

19Cedars-Sinai Medical Center, Los Angeles, CA

""Perelman School of Medicine, University of Pennsylvania,
Philadelphia, PA

EQUAL CONTRIBUTION
H.L.S. and A.W.L. were Expert Panel Co-Chairs.

AUTHORS'’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

Disclosures provided by the authors are available with this article at DOI
https://doi.org/10.1200/JC0O-24-02782.

AUTHOR CONTRIBUTIONS

Conception and design: All authors
Collection and assembly of data: All authors
Data analysis and interpretation: All authors
Manuscript writing: All authors

CORRESPONDING AUTHOR

American Society of Clinical Oncology; e-mail: guidelines@asco.org.

EDITOR’S NOTE

This ASCO Clinical Practice Guideline Update provides
recommendations, with comprehensive review and analyses of the
relevant literature for each recommendation. Additional information,
including a supplement with additional evidence tables, slide sets,

Final approval of manuscript: All authors
Accountable for all aspects of the work: All authors

ACKNOWLEDGMENT

The Expert Panel wishes to thank Sage Bolte, PhD, Tiffany Traina, MD,
and the Evidence Based Medicine Committee, in addition to external
reviewers Kara Goldman, MD, Molly Moravek, MD, MPH, and Kutluk
Oktay MD, PhD, for their thoughtful reviews and insightful comments on
this guideline.

clinical tools and resources, and links to patient information at
www.cancer.org, is available at www.asco.org/survivorship-guidelines.

REFERENCES

1. Fertility preservation and reproduction in patients facing gonadotoxic therapies: An Ethics Committee opinion. Fertil Steril 110:380-386, 2018

2. Covelli A, Facey M, Kennedy E, et al: Clinicians’ perspectives on barriers to discussing infertility and fertility preservation with young women with cancer. JAMA Netw Open 2:1914511, 2019
3. Flink DM, Sheeder J, Kondapalli LA: A review of the oncology patient's challenges for utilizing fertility preservation services. J Adolesc Young Adult Oncol 6:31-44, 2017

4. Jones G, Hughes J, Mahmoodi N, et al: What factors hinder the decision-making process for women with cancer and contemplating fertility preservation treatment? Hum Reprod Update 23:

433-457, 2017

5. Loren AW, Mangu PB, Beck LN, et al: Fertility preservation for patients with cancer: American Society of Clinical Oncology clinical practice guideline update. J Clin Oncol 31:2500-2510, 2013

6. Oktay K, Harvey BE, Partridge AH, et al: Fertility preservation in patients with cancer: ASCO clinical practice guideline update. J Clin Oncol 36:1994-2001, 2018

7. Higgins JP, Altman DG, Ggtzsche PC, et al: The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ 343:d5928, 2011

8. Balshem H, Helfand M, Schiinemann HJ, et al: GRADE guidelines: 3. Rating the quality of evidence. J Clin Epidemiol 64:401-406, 2011

9. Roberts JE, Benoit J, Foong S, et al: Fertility preservation in patients undergoing gonadotoxic treatments: A Canadian Fertility and Andrology Society clinical practice guideline. Reprod Biomed
Online 48:103767, 2024

10.  Harada M, Kimura F, Takai Y, et al: Japan Society of Clinical Oncology clinical practice guidelines 2017 for fertility preservation in childhood, adolescent, and young adult cancer patients: Part 1.
Int J Clin Oncol 27:265-280, 2022

11. Mulder RL, Font-Gonzalez A, Hudson MM, et al: Fertility preservation for female patients with childhood, adolescent, and young adult cancer: Recommendations from the PanCarelIFE
Consortium and the International Late Effects of Childhood Cancer Guideline Harmonization Group. Lancet Oncol 22:e45-e56, 2021

12. Mulder RL, Font-Gonzalez A, Green DM, et al: Fertility preservation for male patients with childhood, adolescent, and young adult cancer: Recommendations from the PanCareLIFE Consortium
and the International Late Effects of Childhood Cancer Guideline Harmonization Group. Lancet Oncol 22:e57-e67, 2021

13. Ovarian Stimulation TEGGO, Bosch E, Broer S, et al: ESHRE guideline: Ovarian stimulation for IVF/ICSI*. Hum Reprod Open 2020:hoaa009, 2020

14.  Lambertini M, Peccatori FA, Demeestere |, et al: Fertility preservation and post-treatment pregnancies in post-pubertal cancer patients: ESMO clinical practice guidelines’. Ann Oncol 31:
1664-1678, 2020

15. Anderson RA, Amant F, Braat D, et al: ESHRE guideline: Female fertility preservation. Hum Reprod Open 2020:hoaa052, 2020

16. Suzuki N: Clinical practice guidelines for fertility preservation in pediatric, adolescent, and young adults with cancer. Int J Clin Oncol 24:20-27, 2019

17. Fertility preservation in patients undergoing gonadotoxic therapy or gonadectomy: A committee opinion. Fertil Steril 112:1022-1033, 2019

18. Chen LM, Blank SV, Burton E, et al: Reproductive and hormonal considerations in women at increased risk for hereditary gynecologic cancers: Society of Gynecologic Oncology and American
Society for Reproductive Medicine Evidence-Based Review. Fertil Steril 112:1034-1042, 2019

19. Klipstein S, Fallat ME, Savelli S: Fertility preservation for pediatric and adolescent patients with cancer: Medical and ethical considerations. Pediatrics 145:¢20193994, 2020

20.  Skinner R, Mulder RL, Kremer LC, et al: Recommendations for gonadotoxicity surveillance in male childhood, adolescent, and young adult cancer survivors: A report from the International Late
Effects of Childhood Cancer Guideline Harmonization Group in collaboration with the PanCareSurFup Consortium. Lancet Oncol 18:e75-€90, 2017

21.  Cibula D, Potter R, Planchamp F, et al: The European Society of Gynaecological Oncology/European Society for Radiotherapy and Oncology/European Society of Pathology guidelines for the
management of patients with cervical cancer. Int J Gynecol Cancer 28:641-655, 2018

22.  Yoshida K, Hashimoto T, Koizumi T, et al: Psychosocial experiences regarding potential fertility loss and pregnancy failure after treatment in cancer survivors of reproductive age to identify
psychosocial care needs: A systematic review. Support Care Cancer 32:337, 2024

23.  Weidlinger S, Graber S, Bratschi |, et al: A systematic review of the gonadotoxicity of osteosarcoma and Ewing's sarcoma chemotherapies in postpubertal females and males. J Adolesc Young
Adult Oncol 13:597-606, 2024

24.  Pavone M, Autorino R, Bizzarri N, et al: Uterine transposition versus uterine ventrofixation before radiotherapy as a fertility sparing option in young women with pelvic malignancies: Systematic
review of the literature and dose simulation. Eur J Surg Oncol 50:107270, 2024

25.  Ogunbiyi MO, Oxley S, Graham R, et al: The oncological and reproductive outcomes of fertility-preserving treatments for stage 1 grade 1 endometrial carcinoma: A systematic review and meta-
analysis. J Obstet Gynaecol 44:2294329, 2024

26. LiQ Lan QY, Zhu WB, et al: Fertility preservation in adult male patients with cancer: A systematic review and meta-analysis. Hum Reprod Open 2024:hoae006, 2024

27.  Guan Z, Zhang C, Lin X, et al: Oncological outcomes of fertility-sparing surgery versus radical surgery in stage - epithelial ovarian cancer: A systematic review and meta-analysis. World J Surg
Oncol 22:170, 2024

28.  Gillipelli SR, Pio L, Losty PD, et al: Female fertility cryopreservation outcomes in childhood cancer: A systematic review. J Pediatr Surg 59:1564-1568, 2024

Journal of Clinical Oncology

ascopubs.org/journal/jco | Volume 43, Issue 12 | 1511


mailto:guidelines@asco.org
http://www.cancer.net/
http://www.asco.org/survivorship-guidelines
https://ascopubs.org/doi/full/10.1200/jco-24-02782
http://ascopubs.org/journal/jco

Downloaded from ascopubs.org by 37.19.196.52 on December 10, 2025 from 037.019.196.052

Copyright © 2025 American Society of Clinical Oncology. All rights reserved.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.
41,

42.

44,

45
46.

47,

48.

57.

58.

59.
60.

61.

62.

Su et al

D'Amato A, Riemma G, Agrifoglio V, et al: Reproductive outcomes in young women with early-stage cervical cancer greater than 2 cm undergoing fertility-sparing treatment: A systematic review.
Medicina (Kaunas) 60:608, 2024

Chaudhri EN, Salman A, Awartani K; et al: Ovarian tissue cryopreservation versus other fertility techniques for chemoradiation-induced premature ovarian insufficiency in women: A systematic
review and future directions. Life (Basel) 14:393, 2024

Tessier L, McKechnie T, Lee Y, et al: Laparoscopic ovarian transposition prior to pelvic radiation in young women with anorectal malignancies: A systematic review and meta-analysis of
prevalence. Colorectal Dis 25:1336-1348, 2023

Ronsini C, Solazzo MC, Molitierno R, et al: Fertility-sparing treatment for early-stage cervical cancer > 2 cm: Can one still effectively become a mother? A systematic review of fertility outcomes.
Ann Surg Oncol 30:5587-5596, 2023

Meernik C, Poole C, Engel SM, et al: Outcomes after assisted reproductive technology in women with cancer: A systematic review and meta-analysis. Hum Reprod 38:30-45, 2023

Ingold C, Navarro PA, de Qliveira R, et al: Risk of ovarian hyperstimulation syndrome in women with malignancies undergoing treatment with long-acting gonadotropin-releasing hormone agonist
after controlled ovarian hyperstimulation for fertility preservation: A systematic review. Ther Adv Reprod Health 17:26334941231196545, 2023

Han L, Chen Y, Zheng A, et al: Minimally invasive versus abdominal radical trachelectomy for early-stage cervical cancer: A systematic review and meta-analysis. Am J Cancer Res 13:4466-4477,
2023

Grubliauskaite M, van der Perk MEM, Bos AME, et al: Minimal infiltrative disease identification in cryopreserved ovarian tissue of girls with cancer for future use: A systematic review. Cancers
(Basel) 15:4199, 2023

Fraison E, Huberlant S, Labrune E, et al: Live birth rate after female fertility preservation for cancer or haematopoietic stem cell transplantation: A systematic review and meta-analysis of the three
main techniques; embryo, oocyte and ovarian tissue cryopreservation. Hum Reprod 38:489-502, 2023

Zhang YF, Fan Y, Mu Y, et al: Reproductive and oncological outcomes of fertility-sparing surgery in patients with stage | epithelial ovarian cancer: A systematic review and meta-analysis. Medicine
(Baltimore) 101:29929, 2022

Viveros-Carrefio D, Rodriguez J, Rendon Pereira GJ, et al: Fertility-sparing surgery after neo-adjuvant chemotherapy in women with cervical cancer larger than 4 cm: A systematic review. Int J
Gynecol Cancer 32:486-493, 2022

Ogouma L, Berthaut I, Lévy R, et al: Testicular sperm extraction (TESE) outcomes in the context of malignant disease: A systematic review. Asian J Androl 24:584-590, 2022

Nezhat F, Erfani H, Nezhat C: A systematic review of the reproductive and oncologic outcomes of fertility-sparing surgery for early-stage cervical cancer. J Turk Ger Gynecol Assoc 23:287-313,
2022

Morice P, Maulard A, Scherier S, et al: Oncologic results of fertility sparing surgery of cervical cancer: An updated systematic review. Gynecol Oncol 165:169-183, 2022

Mohd Faizal A, Sugishita Y, Suzuki-Takahashi Y, et al: Twenty-first century oocyte cryopreservation-in vitro maturation of immature oocytes from ovarian tissue cryopreservation in cancer
patients: A systematic review. Womens Health (Lond) 18:17455057221114269, 2022

Khattak H, Malhas R, Craciunas L, et al: Fresh and cryopreserved ovarian tissue transplantation for preserving reproductive and endocrine function: A systematic review and individual patient
data meta-analysis. Hum Reprod Update 28:400-416, 2022

Eijkenboom L, Saedt E, Zietse C, et al: Strategies to safely use cryopreserved ovarian tissue to restore fertility after cancer: A systematic review. Reprod Biomed Online 45:763-778, 2022
Buda A, Borghese M, Puppo A, et al: Neoadjuvant chemotherapy prior fertility-sparing surgery in women with FIGO 2018 stage IB2 cervical cancer: A systematic review. Cancers (Basel) 14:797,
2022

Ni Dhonnabhain B, Elfaki N, Fraser K, et al: A comparison of fertility preservation outcomes in patients who froze oocytes, embryos, or ovarian tissue for medically indicated circumstances: A
systematic review and meta-analysis. Fertil Steril 117:1266-1276, 2022

Arecco L, Blondeaux E, Bruzzone M, et al: Safety of fertility preservation techniques before and after anticancer treatments in young women with breast cancer: A systematic review and meta-
analysis. Hum Reprod 37:954-968, 2022

Schuurman T, Zilver S, Samuels S, et al: Fertility-sparing surgery in gynecologic cancer: A systematic review. Cancers (Basel) 13:1008, 2021

Kuznicki ML, Chambers LM, Morton M, et al: Fertility-sparing surgery for early-stage cervical cancer: A systematic review of the literature. J Minim Invasive Gynecol 28:513-526.e1, 2021
Burbano J, Heredia F, Sanabria D, et al: Neoadjuvant chemotherapy prior to fertility-sparing surgery in cervical tumors larger than 2 cm: A systematic review on fertility and oncologic outcomes.
Int J Gynecol Cancer 31:387-398, 2021

Buonomo B, Multinu F, Casarin J, et al: Ovarian transposition in patients with cervical cancer prior to pelvic radiotherapy: A systematic review. Int J Gynecol Cancer 31:360-370, 2021
Bercow A, Nitecki R, Brady PC, et al: Outcomes after fertility-sparing surgery for women with ovarian cancer: A systematic review of the literature. J Minim Invasive Gynecol 28:527-536.e1, 2021
Pandraklakis A, Thomakos N, Prodromidou A, et al: The conundrum of prematurity and pregnancy outcomes after fertility sparing treatment modalities for early stage cervical cancer: A
systematic review of the literature. Folia Med (Plovdiv) 62:453-461, 2020

Sheshpari S, Shahnazi M, Mobarak H, et al: Ovarian function and reproductive outcome after ovarian tissue transplantation: A systematic review. J Transl Med 17:396, 2019

Andersen ST, Pors SE, Poulsen LC, et al: Ovarian stimulation and assisted reproductive technology outcomes in women transplanted with cryopreserved ovarian tissue: A systematic review. Fertil
Steril 112:908-921, 2019

Senra JC, Roque M, Talim MCT, et al: Gonadotropin-releasing hormone agonists for ovarian protection during cancer chemotherapy: Systematic review and meta-analysis. Ultrasound Obstet
Gynecol 51:77-86, 2018

Lambertini M, Moore HCF, Leonard RCF, 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 36:1981-1990, 2018

Zhang Q, Li W, Kanis MJ, et al: Oncologic and obstetrical outcomes with fertility-sparing treatment of cervical cancer: A systematic review and meta-analysis. Oncotarget 8:46580-46592, 2017
Bai F, Lu'Y, Wu K, et al: Protecting effects of gonadotropin-releasing hormone agonist on chemotherapy-induced ovarian damage in premenopausal breast cancer patients: A systematic review
and meta-analysis. Breast Care (Basel) 12:48-52, 2017

Silva C, Caramelo 0, Almeida-Santos T, et al: Factors associated with ovarian function recovery after chemotherapy for breast cancer: A systematic review and meta-analysis. Hum Reprod 31:
2737-2749, 2016

Munhoz RR, Pereira AAL, Sasse AD, et al: Gonadotropin-releasing hormone agonists for ovarian function preservation in premenopausal women undergoing chemotherapy for early-stage breast
cancer: A systematic review and meta-analysis. JAMA Oncol 2:65-73, 2016

Bentivegna E, Gouy S, Maulard A, et al: Oncological outcomes after fertility-sparing surgery for cervical cancer: A systematic review. Lancet Oncol 17:¢240-e253, 2016

Elgindy E, Sibai H, Abdelghani A, et al: Protecting ovaries during chemotherapy through gonad suppression: A systematic review and meta-analysis. Obstet Gynecol 126:187-195, 2015
Deshpande NA, Braun IM, Meyer FL: Impact of fertility preservation counseling and treatment on psychological outcomes among women with cancer: A systematic review. Cancer 121:
3938-3947, 2015

Lv Z, Wang YY, Wang YW, et al: A meta-analysis of treatment for early-stage cervical cancer: Open versus minimally invasive radical trachelectomy. BMC Pregnancy Childbirth 23:727-738, 2023
Laios A, Otify M, Papadopoulou A, et al: Outcomes of ovarian transposition in cervical cancer; an updated meta-analysis. BMC Womens Health 22:305, 2022

Liu D, Cai J, Gao A, et al: Fertility sparing surgery vs radical surgery for epithelial ovarian cancer: A meta-analysis of overall survival and disease-free survival. BMC Cancer 20:320, 2020
Pacheco F, Oktay K: Current success and efficiency of autologous ovarian transplantation: A meta-analysis. Reprod Sci 24:1111-1120, 2017

Lambertini M, Ceppi M, Poggio F, et al: Ovarian suppression using luteinizing hormone-releasing hormone agonists during chemotherapy to preserve ovarian function and fertility of breast cancer
patients: A meta-analysis of randomized studies. Ann Oncol 26:2408-2419, 2015

Overbeek A, van den Berg MH, van Leeuwen FE, et al: Chemotherapy-related late adverse effects on ovarian function in female survivors of childhood and young adult cancer: A systematic
review. Cancer Treat Rev 53:10-24, 2017

Katzir T, Shrem G, Meirow D, et al: Fertility preservation parameters in patients with haematologic malignancy: A systematic review and meta-analysis. Reprod Biomed Online 49:103978, 2024
Hill-Kayser C, Yorke E, Jackson A, et al: Effects of radiation therapy on the female reproductive tract in childhood cancer survivors: A PENTEC comprehensive review. Int J Radiat Oncol Biol Phys
119:588-609, 2024

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 30:11-24, 2013
Ahmad MF, Sugishita Y, Suzuki-Takahashi Y, et al: In vitro maturation (IVM) procedure in oncofertility patients: A systemic review. Onco Fertil J 4:43-51, 2021

Chan JL, Wang ET: Oncofertility for women with gynecologic malignancies. Gynecol Oncol 144:631-636, 2017

Boutas |, Kontogeorgi A, Koufopoulos N, et al: Breast cancer and fertility preservation in young female patients: A systematic review of the literature. Clin Pract 13:1413-1426, 2023
Pundir J, Achilli C, Bhide P, et al: Risk of foetal harm with letrozole use in fertility treatment; A systematic review and meta-analysis. Hum Reprod Update 27:474-485, 2021

Genovese F, Zambrotta E, Incognito GG, et al: Techniques and endocrine-reproductive outcomes of ovarian transposition prior to pelvic radiotherapy in both gynecologic and non-gynecologic
cancers: A systematic review and meta-analysis. Int J Gynaecol Obstet 165:948-958, 2024

1512 | © 2025 by American Society of Clinical Oncology



Downloaded from ascopubs.org by 37.19.196.52 on December 10, 2025 from 037.019.196.052

Copyright © 2025 American Society of Clinical Oncology. All rights reserved.

80.

81.
82.

83.

89.

90.

91.

103.
104.
105.
. Paoli D, Gallo M, Rizzo F, et al: Testicular cancer and sperm DNA damage: Short- and long-term effects of antineoplastic treatment. Andrology 3:122-128, 2015
107.

108.
. Bjornard K, Close A, Burns K, et al: Fertility preservation in pediatric solid tumors: A report from the Children’s Oncology Group. Pediatr Blood Cancer 71:¢30960, 2024
110.
111
12

113.
114.
115.
116.
7.
118.
119.
120.
121.
122.

123.
124.

125.
126.
127.
128.
129.

130.
131.
132.
133.

134.

Fertility Preservation Update

Gwacham NI, McKenzie ND, Fitzgerald ER, et al: Neoadjuvant chemotherapy followed by fertility sparing surgery in cervical cancers size 2-4 cm; emerging data and future perspectives. Gynecol
Oncol 162:809-815, 2021

Canlorbe G, Chabbert-Buffet N, Uzan C: Fertility-sparing surgery for ovarian cancer. J Clin Med 10:4235, 2021

Erden M, Uyanik E, Demeestere |, et al: Perinatal outcomes of pregnancies following autologous cryopreserved ovarian tissue transplantation: A systematic review with pooled analysis. Am J
Obstet Gynecol 231:480-489, 2024

Chen H, Xiao L, Li J, et al: Adjuvant gonadotropin-releasing hormone analogues for the prevention of chemotherapy-induced premature ovarian failure in premenopausal women. Cochrane
Database Syst Rev 3:Cd008018, 2019

Ladanyi C, Mor A, Christianson MS, et al: Recent advances in the field of ovarian tissue cryopreservation and opportunities for research. J Assist Reprod Genet 34:709-722, 2017
Ribeiro R, Baiocchi G, Obermair A, et al: Uterine transposition for fertility preservation in pelvic cancers. Int J Gynecol Cancer 34:403-408, 2024

Zapardiel |, Cruz M, Diestro MD, et al: Assisted reproductive techniques after fertility-sparing treatments in gynaecological cancers. Hum Reprod Update 22:281-305, 2016

Balkenende EME, Dahhan T, Beerendonk CCM, et al: Fertility preservation for women with breast cancer: A multicentre randomized controlled trial on various ovarian stimulation protocols. Hum
Reprod 37:1786-1794, 2022

Letourneau J, Juarez-Hernandez F, Wald K, et al: Concomitant tamoxifen or letrozole for optimal oocyte yield during fertility preservation for breast cancer: The TAmoxifen or Letrozole in
Estrogen Sensitive tumors (TALES) randomized clinical trial. J Assist Reprod Genet 38:2455-2463, 2021

Sonigo C, Le Conte G, Boubaya M, et al: Priming before in vitro maturation cycles in cancer patients undergoing urgent fertility preservation: A randomized controlled study. Reprod Sci 27:
2247-2256, 2020

Demeestere |, Brice P, Peccatori FA, et al: No evidence for the benefit of gonadotropin-releasing hormone agonist in preserving ovarian function and fertility in lymphoma survivors treated with
chemotherapy: Final long-term report of a prospective randomized trial. J Clin Oncol 34:2568-2574, 2016

Leonard RCF, Adamson DJA, Bertelli G, et al: GnRH agonist for protection against ovarian toxicity during chemotherapy for early breast cancer: The Anglo Celtic Group OPTION trial. Ann Oncol 28:
1811-1816, 2017

Moore HC, Unger JM, Phillips KA, et al: Goserelin for ovarian protection during breast-cancer adjuvant chemotherapy. N Engl J Med 372:923-932, 2015

Moore HCF, Unger JM, Phillips KA, et al: Final analysis of the Prevention of Early Menopause Study (POEMS)/SWOG Intergroup S0230. J Natl Cancer Inst 111:210-213, 2019

Canzona MR, Murphy K, Victorson D, et al: Fertility preservation decisional turning points for adolescents and young adults with cancer: Exploring alignment and divergence by race and ethnicity.
JCO Oncol Pract 19:509-515, 2023

Grover NS, Deal AM, Wood WA, et al: Young men with cancer experience low referral rates for fertility counseling and sperm banking. J Oncol Pract 12:465-471, 2016

Hoffman A, Crocker L, Mathur A, et al: Patients” and providers' needs and preferences when considering fertility preservation before cancer treatment: Decision-making needs assessment. JMIR
Form Res 5:225083, 2021

Klosky JL, Anderson LE, Russell KM, et al: Provider influences on sperm banking outcomes among adolescent males newly diagnosed with cancer. J Adolesc Health 60:277-283, 2017
Lee S, Heytens E, Moy F, et al: Determinants of access to fertility preservation in women with breast cancer. Fertil Steril 95:1932-1936, 2011

Letourneau JM, Ebbel EE, Katz PP, et al: Pretreatment fertility counseling and fertility preservation improve quality of life in reproductive age women with cancer. Cancer 118:1710-1717, 2012

. Letourneau JM, Smith JF, Ebbel EE, et al: Racial, socioeconomic, and demographic disparities in access to fertility preservation in young women diagnosed with cancer. Cancer 118:4579-4588,

2012

. Sax MR, Pettengill G, Hasija A, et al: Factors associated with fertility preservation in a pediatric, adolescent and young adult population. J Pediatr Hematol Oncol 44:369-375, 2022
. Voigt P, Persily J, Blakemore JK; et al: Sociodemographic differences in utilization of fertility services among reproductive age women diagnosed with cancer in the USA. J Assist Reprod Genet

39:963-972, 2022

Cathcart-Rake EJ, Ruddy KJ, Gupta R, et al: Amenorrhea after lung cancer treatment. Menopause 26:306-310, 2019

Steiner AZ, Jukic AM: Impact of female age and nulligravidity on fecundity in an older reproductive age cohort. Fertil Steril 105:1584-1588.e1, 2016

Wesselink AK, Rothman KJ, Hatch EE, et al: Age and fecundability in a North American preconception cohort study. Am J Obstet Gynecol 217:667.e1-667.e8, 2017

Braye A, Delgouffe E, van der Werff Ten Bosch J, et al: Gonadal development and function after immature testicular tissue banking as part of high-risk gonadotoxic treatment. Pediatr Blood
Cancer 70:¢30370, 2023
Sriram S, Macedo T, Mavinkurve-Groothuis A, et al: Alkylating agents-induced gonadotoxicity in prepubertal males: Insights on the clinical and preclinical front. Clin Transl Sci 17:¢13866, 2024

Close A, Burns K, Bjornard K, et al: Fertility preservation in pediatric leukemia and lymphoma: A report from the Children’s Oncology Group. Pediatr Blood Cancer 70:¢30407, 2023
Fabbri R, Vicenti R, Magnani V, et al: Ovarian tissue transplantation: 10 years of experience at the Bologna University. Front Endocrinol (Lausanne) 15:1332673, 2024

Jensen AK, Rechnitzer C, Macklon KT, et al: Cryopreservation of ovarian tissue for fertility preservation in a large cohort of young girls: Focus on pubertal development. Hum Reprod 32:154-164,
2017

Li Y, Ruan X, Gu M, et al: Evaluating the safety and efficacy of cryopreserved ovarian tissue transplantation in leukemia patients with different bone marrow remission status using
xenotransplantation. Front Endocrinol (Lausanne) 15:1364316, 2024

Meirow D, Ra'anani H, Shapira M, et al: Transplantations of frozen-thawed ovarian tissue demonstrate high reproductive performance and the need to revise restrictive criteria. Fertil Steril 106:
467-474, 2016

Tholeti P, Koulmane Laxminarayana SL, Lakshmi VR, et al: Spermatogonial quantity in prepubertal boys undergoing fertility preservation is comparable between haematological and non-
haematological cancers. Hum Fertil (Camb) 27:2362980, 2024

Anderson RA, Mansi J, Coleman RE, et al: The utility of anti-Millerian hormone in the diagnosis and prediction of loss of ovarian function following chemotherapy for early breast cancer. Eur J
Cancer 87:58-64, 2017

Li'Y, Zhang J, Zhang H, et al: Importance and safety of autologous sperm cryopreservation for fertility preservation in young male patients with cancer. Medicine (Baltimore) 99:e19589, 2020
Melli B, Morini D, Daolio J, et al: Semen cryopreservation in men undergoing cancer treatment: A ten-year study. Minerva Obstet Gynecol 75:227-235, 2023

Cirigliano L, Falcone M, Gl M, et al: Onco-TESE (testicular sperm extraction): Insights from a tertiary center and comprehensive literature analysis. Medicina (Kaunas) 59:1226, 2023
Blecher GA, Chung E, Katz D, et al: Onco-testicular sperm extraction (oncoTESE): A Contemporary concept review and report of Australian sperm retrieval rates and fertility outcomes. Urology
160:109-116, 2022

Salvarci A, Glirbiiz AS, Balasar M: Ten-year outcomes of patients who developed persistent azoospermia following chemotherapy associated with different oncological diagnoses: A retrospective
cohort study from a different perspective. Turk J Med Sci 52:778-787, 2022

Marklund A, Lekberg T, Hedayati E, et al: Relapse rates and disease-specific mortality following procedures for fertility preservation at time of breast cancer diagnosis. JAMA Oncol 8:1438-1446,
2022

Rodriguez-Wallberg KA, Eloranta S, Krawiec K, et al: Safety of fertility preservation in breast cancer patients in a register-based matched cohort study. Breast Cancer Res Treat 167:761-769, 2018
Steward RG, Lan L, Shah AA, et al: Oocyte number as a predictor for ovarian hyperstimulation syndrome and live birth: An analysis of 266,381 in vitro fertilization cycles. Fertil Steril 101:967-973,
2014

Chan JL, Johnson LN, Efymow BL, et al: Outcomes of ovarian stimulation after treatment with chemotherapy. J Assist Reprod Genet 32:1537-1545, 2015

Fredriksson A, Rosenberg E, Einbeigi Z, et al: Gonadotrophin stimulation and risk of relapse in breast cancer. Hum Reprod Open 2021:hoaa061, 2021

Kim JH, Kim SK, Lee HJ, et al: Efficacy of random-start controlled ovarian stimulation in cancer patients. J Korean Med Sci 30:290-295, 2015

Noyes N, Porcu E, Borini A: Over 900 oocyte cryopreservation babies born with no apparent increase in congenital anomalies. Reprod Biomed Online 18:769-776, 2009

Porcu E, Cipriani L, Dirodi M, et al: Successful pregnancies, births, and children development following oocyte Cryostorage in female cancer patients during 25 years of fertility preservation.
Cancers (Basel) 14:1429, 2022

Christ J, Herndon CN, Yu B: Severe ovarian hyperstimulation syndrome associated with long-acting GnRH agonist in oncofertility patients. J Assist Reprod Genet 38:751-756, 2021
Dolinko AV, Farland LV, Missmer SA, et al: Responses to fertility treatment among patients with cancer: A retrospective cohort study. Fertil Res Pract 4:3, 2018

Herzberger EH, Knaneh S, Amir H, et al: Gonadotropin-releasing hormone agonist versus recombinant human chorionic gonadotropin triggering in fertility preservation cycles. Reprod Sci 28:
3390-3396, 2021

Rodriguez-Wallberg KA, Kieler H, Foukakis T, et al: Gonadotropin Releasing Hormone agonist (GnRHa) during chemotherapy and post-cancer childbirths—A nationwide population-based cohort
study of 24,922 women diagnosed with cancer in Sweden. EClinicalMedicine 67:102335, 2024

Bourg M, Moreau J, Carles M, et al: Is in vitro maturation of oocytes retrieved ex vivo from ovarian tissue an effective fertility preservation technique in the presence of organic ovarian cysts? Eur
J Obstet Gynecol Reprod Biol 281:87-91, 2023

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume 43, Issue 12 | 1513


http://ascopubs.org/journal/jco

Downloaded from ascopubs.org by 37.19.196.52 on December 10, 2025 from 037.019.196.052

Copyright © 2025 American Society of Clinical Oncology. All rights reserved.

135.

136.

137.

138.
139.

140.

142.

143.

144,

145.

146.
147.
148.

149.

150.
151.
152.
153.

154.

155.

156.

167.
158.
159.
160.

162.

163.
164.

165.

166.
167.
168.
169.

170.

171,

172.
173.
174.

175.
176.
177.
178.
179.
180.
181.
182.
183.

184.
185.

186.
187.

Su et al

Bunyaeva E, Kirillova A, Khabas G, et al: Feasibility of in vitro maturation of oocytes collected from patients with malignant ovarian tumors undergoing fertility preservation. Int J Gynecol Cancer
31:475-479, 2021

El Hachem H, Sonigo C, Benard J, et al: Comparison of GnRH agonist and hCG for priming in vitro maturation cycles in cancer patients undergoing urgent fertility preservation. PLoS One 13:
€0208576, 2018

Nogueira D, Fajau-Prevot C, Clouet M, et al: Outcomes of different in vitro maturation procedures for oocyte cryopreservation for fertility preservation and yet another live birth in a cancer patient.
Life (Basel) 13:1355, 2023

Segers |, Bardhi E, Mateizel |, et al: Live births following fertility preservation using in-vitro maturation of ovarian tissue oocytes. Hum Reprod 35:2026-2036, 2020

Creux H, Monnier P, Son WY, et al: Thirteen years' experience in fertility preservation for cancer patients after in vitro fertilization and in vitro maturation treatments. J Assist Reprod Genet 35:
583-592, 2018

D'Hondt C, Vanhoeij M, Van Moer E, et al: Fertility preservation does not delay the initiation of chemotherapy in breast cancer patients treated with adjuvant or neo-adjuvant chemotherapy. Breast
Cancer Res Treat 184:433-444, 2020

. Kedem A, Yerushalmi GM, Brengauz M, et al: Outcome of immature oocytes collection of 119 cancer patients during ovarian tissue harvesting for fertility preservation. J Assist Reprod Genet 35:

851-856, 2018

Hilal L, Cercek A, Navilio J, et al: Factors associated with premature ovarian insufficiency in young women with locally advanced rectal cancer treated with pelvic radiation therapy. Adv Radiat
Oncol 7:100801, 2022

Jorgensen KA, Agusti N, Wu CF, et al: Fertility-sparing surgery vs standard surgery for early-stage cervical cancer: Difference in 5-year life expectancy by tumor size. Am J Obstet Gynecol 230:
663.e1-663.e13, 2024

Kirillova A, Bunyaeva E, Van Ranst H, et al: Improved maturation competence of ovarian tissue oocytes using a biphasic in vitro maturation system for patients with gynecological malignancy: A
study on sibling oocytes. J Assist Reprod Genet 38:1331-1340, 2021

Mayeur A, Puy V, Windal V, et al: Live birth rate after use of cryopreserved oocytes or embryos at the time of cancer diagnosis in female survivors: A retrospective study of ten years of experience.
J Assist Reprod Genet 38:1767-1775, 2021

Morice P, Thiam-Ba R, Castaigne D, et al: Fertility results after ovarian transposition for pelvic malignancies treated by external irradiation or brachytherapy. Hum Reprod 13:660-663, 1998
Terenziani M, Piva L, Meazza C, et al: Oophoropexy: A relevant role in preservation of ovarian function after pelvic irradiation. Fertil Steril 91:935.e15-935.e16, 2009

Virant-Klun |, Bedenk J, Jancar N: In vitro maturation of immature oocytes for fertility preservation in cancer patients compared to control patients with fertility problems in an in vitro fertilization
program. Radiol Oncol 56:119-128, 2021

Gellert SE, Pors SE, Kristensen SG, et al: Transplantation of frozen-thawed ovarian tissue: An update on worldwide activity published in peer-reviewed papers and on the Danish cohort. J Assist
Reprod Genet 35:561-570, 2018

Goldman KN, Kramer Y, Hodes-Wertz B, et al: Long-term cryopreservation of human oocytes does not increase embryonic aneuploidy. Fertil Steril 103:662-668, 2015

Pavone ME, Hirshfeld-Cytron J, Lawson AK; et al: Fertility preservation outcomes may differ by cancer diagnosis. J Hum Reprod Sci 7:111-118, 2014

Allen CM, Lopes F, Mitchell RT, et al: How does chemotherapy treatment damage the prepubertal testis? Reproduction 156:R209-r233, 2018

Hsiao W, Stahl PJ, Osterberg EC, et al: Successful treatment of postchemotherapy azoospermia with microsurgical testicular sperm extraction: The Weill Cornell experience. J Clin Oncol 29:
1607-1611, 2011

Paoli D, Rizzo F, Fiore G, et al: Spermatogenesis in Hodgkin's lymphoma patients: A retrospective study of semen quality before and after different chemotherapy regimens. Hum Reprod 31:
263-272, 2016

Su HI, Kwan B, Whitcomb BW, et al: Modeling variation in the reproductive lifespan of female adolescent and young adult cancer survivors using AMH. J Clin Endocrinol Metab 105:2740-2751,
2020

Levi-Setti PE, Negri L, Baggiani A, et al: Testicular sperm extraction and intracytoplasmic sperm injection outcome in cancer survivors with no available cryopreserved sperm. J Assist Reprod
Genet 37:875-882, 2020

Zhou B, Kwan B, Desai MJ, et al: Long-term antimdillerian hormone patterns differ by cancer treatment exposures in young breast cancer survivors. Fertil Steril 117:1047-1056, 2022
Dolmans MM, Jadoul P, Gilliaux S, et al: A review of 15 years of ovarian tissue bank activities. J Assist Reprod Genet 30:305-314, 2013

Filippi F, Meazza C, Somigliana E, et al: Fertility preservation in childhood and adolescent female tumor survivors. Fertil Steril 116:1087-1095, 2021

Goldfarb SB, Turan V, Bedoschi G, et al: Impact of adjuvant chemotherapy or tamoxifen-alone on the ovarian reserve of young women with breast cancer. Breast Cancer Res Treat 185:165-173,
2021

. Oktay K, Turkgtioglu I, Rodriguez-Wallberg KA: GnRH agonist trigger for women with breast cancer undergoing fertility preservation by aromatase inhibitor/FSH stimulation. Reprod Biomed

Online 20:783-788, 2010

Reddy J, Turan V, Bedoschi G, et al: 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 31:927-932, 2014

Saito S, Yamada M, Yano R, et al: Fertility preservation after gonadotoxic treatments for cancer and autoimmune diseases. J Ovarian Res 16:159, 2023

Higuchi S, Miyamoto T, Oka K, et al: Successful pregnancy using immature oocytes retrieved from resected borderline ovarian tumor: A case report and literature review. Contracept Reprod Med
9:24, 2024

Prasath EB, Chan ML, Wong WH, et al: First pregnancy and live birth resulting from cryopreserved embryos obtained from in vitro matured oocytes after oophorectomy in an ovarian cancer
patient. Hum Reprod 29:276-278, 2014

Rodrigues P, Marques M, Pimentel S, et al: Oncofertility case report: Live birth 10 years after oocyte in vitro maturation and zygote cryopreservation. J Assist Reprod Genet 37:3089-3094, 2020
Rossi BV, Ashby RK Srouji SS: Embryo banking between induction and consolidation chemotherapy in women with leukemia. Fertil Steril 96:1412-1414, 2011

Sonigo C, Bajeux J, Boubaya M, et al: In vitro maturation is a viable option for urgent fertility preservation in young women with hematological conditions. Hematol Oncol 38:560-564, 2020
Tashiro Y, Kanda J, lemura T, et al: Feasibility of ovarian stimulation for fertility preservation during and after blinatumomab treatment for Ph-negative B-cell acute lymphoblastic leukemia. Int J
Hematol 116:453-458, 2022

Uzelac PS, Delaney AA, Christensen GL, et al: Live birth following in vitro maturation of oocytes retrieved from extracorporeal ovarian tissue aspiration and embryo cryopreservation for 5 years.
Fertil Steril 104:1258-1260, 2015

Li X, Li J, Wen H, et al: The survival rate and surgical morbidity of abdominal radical trachelectomy versus abdominal radical hysterectomy for stage IB1 cervical cancer. Ann Surg Oncol 23:
2953-2958, 2016

Oktay KH, Marin L: Comparison of orthotopic and heterotopic autologous ovarian tissue transplantation outcomes. Fertil Steril 121:72-79, 2024

Poirot C, Fortin A, Lacorte JM, et al: Impact of cancer chemotherapy before ovarian cortex cryopreservation on ovarian tissue transplantation. Hum Reprod 34:1083-1094, 2019

Slama J, Runnebaum 1B, Scambia G, et al: Analysis of risk factors for recurrence in cervical cancer patients after fertility-sparing treatment: The FERTIlity Sparing Surgery retrospective
multicenter study. Am J Obstet Gynecol 228:443.e1-443.e10, 2023

Sonmezer M, Sukur YE, Saginti KG, et al: Safety of ovarian cryopreservation and transplantation in patients with acute leukemia: A case series. Am J Obstet Gynecol 230:79.e1-79.e10, 2024
Shea BJ, Grimshaw JM, Wells GA, et al: Development of AMSTAR: A measurement tool to assess the methodological quality of systematic reviews. BMC Med Res Methodol 7:10, 2007
Sterne JA, Hernan MA, Reeves BC, et al: ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BMJ 355:i4919, 2016

Meernik C, Engel SM, Wardell A, et al: Disparities in fertility preservation use among adolescent and young adult women with cancer. J Cancer Surviv 17:1435-1444, 2023

Yang EH, Strohl HB, Su HI: Fertility preservation before and after cancer treatment in children, adolescents, and young adults. Cancer 130:344-355, 2024

Bewtra C, Acharya N: Preservation of fertility in cancer patients: A narrative review. Cureus 15:¢47910, 2023

Ahmed Y, Khan AMH, Rao UJ, et al: Fertility preservation is an imperative goal in the clinical practice of radiation oncology: A narrative review. Ecancermedicalscience 16:1461, 2022
Marci R, Mallozzi M, Di Benedetto L, et al: Radiations and female fertility. Reprod Biol Endocrinol 16:112, 2018

US Food and Drug Administration and ASCO: Measuring Toxicity in Reproductive Organs During Oncology Drug Development. Virtual Workshop, October 2024. https://www.fda.gov/news-
events/fda-meetings-conferences-and-workshops/measuring-toxicity-reproductive-organs-during-oncology-drug-development-fda-asco-virtual-workshop

Cui W, Rocconi RP, Thota R, et al: Measuring ovarian toxicity in clinical trials: An American Society of Clinical Oncology research statement. Lancet Oncol 24:e415-e423, 2023
Helgadottir H, Matikas A, Fernebro J, et al: Fertility and reproductive concerns related to the new generation of cancer drugs and the clinical implication for young individuals undergoing
treatments for solid tumors. Eur J Cancer 202:114010, 2024

Biedka M, Kuzba-Kryszak T, Nowikiewicz T, et al: Fertility impairment in radiotherapy. Contemp Oncol (Pozn) 20:199-204, 2016

Meacham LR, Burns K, Orwig KE, et al: Standardizing risk assessment for treatment-related gonadal insufficiency and infertility in childhood adolescent and young adult cancer: The Pediatric
Initiative Network Risk Stratification System. J Adolesc Young Adult Oncol 9:662-666, 2020

1514 | © 2025 by American Society of Clinical Oncology


https://www.fda.gov/news-events/fda-meetings-conferences-and-workshops/measuring-toxicity-reproductive-organs-during-oncology-drug-development-fda-asco-virtual-workshop
https://www.fda.gov/news-events/fda-meetings-conferences-and-workshops/measuring-toxicity-reproductive-organs-during-oncology-drug-development-fda-asco-virtual-workshop

Downloaded from ascopubs.org by 37.19.196.52 on December 10, 2025 from 037.019.196.052

Copyright © 2025 American Society of Clinical Oncology. All rights reserved.

188.
189.
190.

191.
192.
193.
194.
195.

196.

197.
198.
199.
. Park SJ, Han JY, Kim SW, et al: Current position of oncofertility in adolescent female cancer patients: A comparative review on society guidelines. In Vivo 38:48-57, 2024
201.
202.
203.
204.
205.
206.
207.
208.
209.

210.

211,
212.
213.
214,
215.
216.
217.

218.
219.
220.
221.
222.
223.
224.
225.
226.
221.
228.
229.
230.
231.
232.

233.
234.

235.
236.
231.
238.

239.
240.

Fertility Preservation Update

Morris JR, Reinecke J, Bentley Davis L, et al: Best practices for sperm cryopreservation prior to gonadotoxic treatment: recommendations from leaders in fertility preservation. Fertil Steril 120:e8,
2023

Sung ZY, Liao YQ, Hou JH, et al: Advancements in fertility preservation strategies for pediatric male cancer patients: A review of cryopreservation and transplantation of immature testicular
tissue. Reprod Biol Endocrinol 22:47, 2024

Picton HM, Wyns C, Anderson RA, et al: A European perspective on testicular tissue cryopreservation for fertility preservation in prepubertal and adolescent boys. Hum Reprod 30:2463-2475,
2015

Eugeni E, Arato |, Del Sordo R, et al: Fertility preservation and restoration options for pre-pubertal male cancer patients: Current approaches. Front Endocrinol (Lausanne) 13:877537, 2022
Meistrich ML: Risks of genetic damage in offspring conceived using spermatozoa produced during chemotherapy or radiotherapy. Andrology 8:545-558, 2020

Mangili G, Somigliana E, Giorgione V, et al: Fertility preservation in women with borderline ovarian tumours. Cancer Treat Rev 49:13-24, 2016

Cvetanovic AS, Lambertini M, Punie K; et al: Pharmacological methods for ovarian function and fertility preservation in women with cancer: A literature review. Oncol Res 32:1309-1322, 2024
Dolmans MM, Taylor HS, Rodriguez-Wallberg KA, et al: Utility of gonadotropin-releasing hormone agonists for fertility preservation in women receiving chemotherapy: Pros and cons. Fertil Steril
114:725-738, 2020

Grynberg M, Mayeur Le Bras A, Hesters L, et al: First birth achieved after fertility preservation using vitrification of in vitro matured oocytes in a woman with breast cancer. Ann Oncol 31:541-542,
2020

Salman L, Covens A: Fertility preservation in cervical cancer-treatment strategies and indications. Curr Oncol 31:296-306, 2024

Riitten H, Verhoef C, van Weelden WJ, et al: Recurrent endometrial cancer: Local and systemic treatment options. Cancers (Basel) 13:6275, 2021

Aqusti N, Kanbergs A, Nitecki R: Potential of molecular classification to guide fertility-sparing management among young patients with endometrial cancer. Gynecol Oncol 185:121-127, 2024

Albamonte MI, Vitullo AD: Preservation of fertility in female and male prepubertal patients diagnosed with cancer. J Assist Reprod Genet 40:2755-2767, 2023

Decanter C, Elefant E, Poirot C, et al: What reproductive follow-up for adolescent and young women after cancer? A review. Reprod Biomed Online 49:103891, 2024

Vogt C, Malhotra NR: Fertility preservation in children and adolescents: Where we are and where we are going. Curr Urol Rep 25:133-140, 2024

Burns K, Loren AW: Fertility preservation in adolescents and young adults with cancer: A case-based review. J Clin Oncol 42:725-734, 2024

Rashidian P: An update on oncofertility in prepubertal females. J Gynecol Obstet Hum Reprod 53:102742, 2024

Disposition of unclaimed embryos: An ethics committee opinion. Fertil Steril 116:48-53, 2021

Posthumous retrieval and use of gametes or embryos: An ethics committee opinion. Fertil Steril 110:45-49, 2018

Gongalves V: Decisional regret in female oncofertility decision making-an integrative narrative review. Cancers (Basel) 13:4735, 2021

Frisch EH, Yao M, Kim H, et al: Window of opportunity: Rate of referral to infertility providers among reproductive-age women with newly diagnosed gynecologic cancers. J Clin Med 13:4709,
2024

Canosa S, Revelli A, Gennarelli G, et al: Innovative strategies for fertility preservation in female cancer survivors: New hope from artificial ovary construction and stem cell-derived neo-
folliculogenesis. Healthcare (Basel) 11:2748, 2023

Alesi LR, Nguyen QN, Stringer JM, et al: The future of fertility preservation for women treated with chemotherapy. Reprod Fertil 4:€220123, 2023

Su HI, Reineke J, Flores Ortega R, et al: Using Insurance for Fertility Preservation: A Patient Guide. San Diego, CA, University of California San Diego, 2024

Gilligan T, Coyle N, Frankel RM, et al: Patient-clinician communication: American Society of Clinical Oncology consensus guideline. J Clin Oncol 35:3618-3632, 2017

WHO: Social determinants of health. https://www.who.int/health-topics/social-determinants-of-health

Tucker-Seeley R, Abu-Khalaf M, Bona K, et al: Social determinants of health and cancer care: An ASCO policy statement. JCO Oncol Pract 20:621-630, 2024

Carlos RC, Obeng-Gyasi S, Cole SW, et al: Linking structural racism and discrimination and breast cancer outcomes: A social genomics approach. J Clin Oncol 40:1407-1413, 2022
Kamen CS, Pratt-Chapman ML, Meersman SC, et al: Sexual orientation and gender identity data collection in oncology practice: Findings of an ASCO survey. JCO Oncol Pract 18:¢1297-e1305,
2022

Bastings L, Baysal O, Beerendonk CC, et al: Referral for fertility preservation counselling in female cancer patients. Hum Reprod 29:2228-2237, 2014

Hendren S, Chin N, Fisher S, et al: Patients' barriers to receipt of cancer care, and factors associated with needing more assistance from a patient navigator. J Natl Med Assoc 103:701-710, 2011
Alpert AB, Scout NFN, Schabath MB, et al: Gender- and sexual orientation— based inequities: Promoting inclusion, visibility, and data accuracy in oncology. Am Soc Clin Oncol Educ Book 42:
542-558, 2022

Williams PA, Zaidi SK, Sengupta R: AACR cancer disparities progress report 2022. Cancer Epidemiol Biomarkers Prev 31:1249-1250, 2022

Levit LA, Byatt L, Lyss AP, et al: Closing the rural cancer care gap: Three institutional approaches. JCO Oncol Pract 16:422-430, 2020

Schnipper LE, Davidson NE, Wollins DS, et al: American Society of Clinical Oncology statement: A conceptual framework to assess the value of cancer treatment options. J Clin Oncol 33:
2563-2577, 2015

Schnipper LE, Davidson NE, Wollins DS, et al: Updating the American Society of Clinical Oncology value framework: Revisions and reflections in response to comments received. J Clin Oncol 34:
2925-2934, 2016

Streeter SB, Schwartzberg L, Husain N, et al: Patient and plan characteristics affecting abandonment of oral oncolytic prescriptions. J Oncol Pract 7:46s-51s, 2011

Dusetzina SB, Winn AN, Abel GA, et al: Cost sharing and adherence to tyrosine kinase inhibitors for patients with chronic myeloid leukemia. J Clin Oncol 32:306-311, 2014

Meernik C, Mersereau JE, Baggett CD, et al: Fertility preservation and financial hardship among adolescent and young adult women with cancer. Cancer Epidemiol Biomarkers Prev 31:1043-1051,
2022

Alliance for Fertility Preservation: State Laws & Legislation 2024. https://www.allianceforfertilitypreservation.org/state-legislation/

Meropol NJ, Schrag D, Smith TJ, et al: American Society of Clinical Oncology guidance statement: The cost of cancer care. J Clin Oncol 27:3868-3874, 2009

Vanderpuye VD, Clemenceau JRV, Temin S, et al: Assessment of adult women with ovarian Masses and treatment of epithelial ovarian cancer: ASCO resource-stratified guideline. JCO Glob Oncol
10.1200/G0.21.00085

Chuang LT, Temin S, Camacho R, et al: Management and care of women with invasive cervical cancer: American Society of Clinical Oncology resource-stratified clinical practice guideline. J Glob
Oncol 10.1200/JG0.2016.003954

Carter J, Lacchetti C, Andersen BL, et al: Interventions to address sexual problems in people with cancer: American Society of Clinical Oncology clinical practice guideline adaptation of Cancer
Care Ontario guideline. J Clin Oncol 36:492-511, 2018

Andersen BL, Lacchetti C, Ashing K, et al: Management of anxiety and depression in adult survivors of cancer: ASCO guideline update. J Clin Oncol 41:3426-3453, 2023

Hart NH, Nekhlyudov L, Smith TJ, et al: Survivorship care for people affected by advanced or metastatic cancer: MASCC-ASCO standards and practice recommendations. Support Care Cancer 32:
313, 2024

Griggs J, Maingi S, Blinder V, et al: American Society of Clinical Oncology position statement: Strategies for reducing cancer health disparities among sexual and gender minority populations.
J Clin Oncol 35:2203-2208, 2017

Alpert A, Manzano C, Ruddick R: Degendering Oncologic Care and Other Recommendations to Eliminate Barriers to Care for Transgender People with Cancer. ASCO Daily News, 2021.
https://dailynews.ascopubs.org/do/degendering-oncologic-care-and-other-recommendations-eliminate-barriers-care

Alpert AB, Gampa V, Lytle MC, et al: I'm not putting on that floral gown: Enforcement and resistance of gender expectations for transgender people with cancer. Patient Educ Couns 104
2552-2558, 2021

National Center for Transgender Equality: Understanding transgender people: The basics. https://transequality.org/issues/resources/understanding-transgender-people-the-basics

UCSF Transgender Care & Treatment Guidelines: Terminology & Definitions. https://transcare.ucsf.edu/guidelines/terminology

Schiinemann H, Brozek J, Guyatt G, et al (eds): GRADE Handbook for Grading Quality of Evidence and Strength of Recommendations. The GRADE Working Group, 2013.
quidelinedevelopment.org/handbook

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume 43, Issue 12 | 1515


https://www.who.int/health-topics/social-determinants-of-health
https://www.allianceforfertilitypreservation.org/state-legislation/
https://ascopubs.org/doi/full/10.1200/GO.21.00085
https://ascopubs.org/doi/full/10.1200/JGO.2016.003954
https://dailynews.ascopubs.org/do/degendering-oncologic-care-and-other-recommendations-eliminate-barriers-care
https://transequality.org/issues/resources/understanding-transgender-people-the-basics
https://transcare.ucsf.edu/guidelines/terminology
http://guidelinedevelopment.org/handbook
http://ascopubs.org/journal/jco

Downloaded from ascopubs.org by 37.19.196.52 on December 10, 2025 from 037.019.196.052

Copyright © 2025 American Society of Clinical Oncology. All rights reserved.

Su et al

AUTHORS' DISCLOSURES OF POTENTIAL CONFLICTS OF INTEREST

Fertility Preservation in People With Cancer: ASCO Guideline Update

The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated unless
otherwise noted. Relationships are self-held unless noted. | = Immediate Family Member, Inst = My Institution. Relationships may not relate to the
subject matter of this manuscript. For more information about ASCO’s conflict of interest policy, please refer to www.asco.org/rwc or

ascopubs.org/jco/authors/author-center.

Open Payments is a public database containing information reported by companies about payments made to US-licensed physicians (Open

Payments).

Joseph Letourneau
Consulting or Advisory Role: EMD Serono, Roon Fertility

Ann H. Partridge

Patents, Royalties, Other Intellectual Property: Wolters Kluwer—
royalties for authorship of UpToDate

Open Payments Link: https://openpaymentsdata.cms.gov/physician/
835197

Gwendolyn P. Quinn
Research Funding: NIH/NCI (Inst), NIH (Inst)

© 2025 by American Society of Clinical Oncology

James F. Smith

Employment: Fellow Health

Leadership: Fellow Health

Stock and Other Ownership Interests: Fellow Health

Consulting or Advisory Role: Posterity Health, Inherent Biosciences
Travel, Accommodations, Expenses: American Society Reproductive
Medicine

Erica T. Wang

Research Funding: Merck

Patents, Royalties, Other Intellectual Property: Patent for engineering
macrophages

Alison W. Loren
Research Funding: Equillium (Inst)

No other potential conflicts of interest were reported.


http://www.asco.org/rwc
https://ascopubs.org/jco/authors/author-center
https://openpaymentsdata.cms.gov/
https://openpaymentsdata.cms.gov/
https://openpaymentsdata.cms.gov/physician/835197
https://openpaymentsdata.cms.gov/physician/835197

Downloaded from ascopubs.org by 37.19.196.52 on December 10, 2025 from 037.019.196.052
Copyright © 2025 American Society of Clinical Oncology. All rights reserved.

Fertility Preservation Update

APPENDIX 1. GUIDELINE DISCLAIMER

The Clinical Practice Guidelines and other guidance published herein are provided by
ASCO, Inc to assist clinicians in clinical decision making. The information herein
should not be relied upon as being complete or accurate, nor should it be considered
as inclusive of all proper treatments or methods of care or as a statement of the
standard of care. With the rapid development of scientific knowledge, new evidence
may emerge between the time information is developed and when it is published or
read. The information is not continually updated and may not reflect the most recent
evidence. The information addresses only the topics specifically identified therein and
is not applicable to other interventions, diseases, or stages of diseases. This in-
formation does not mandate any particular course of medical care. Further, the
information is not intended to substitute for the independent professional judgment
of the treating clinician, as the information does not account for individual variation
among patients. Recommendations specify the level of confidence that the rec-
ommendation reflects the net effect of a given course of action. The use of words like
‘must,” “must not," “should,” and “should not” indicates that a course of action is
recommended or not recommended for either most or many patients, but there is
latitude for the treating physician to select other courses of action in individual cases.
In all cases, the selected course of action should be considered by the treating
clinician in the context of treating the individual patient. Use of the information is
voluntary. ASCO does not endorse third party drugs, devices, services, or therapies
used to diagnose, treat, monitor, manage, or alleviate health conditions. Any use of a

brand or trade name is for identification purposes only. ASCO provides this infor-
mation on an “as is" basis and makes no warranty, express or implied, regarding the
information. ASCO specifically disclaims any warranties of merchantability or fitness
for a particular use or purpose. ASCO assumes no responsibility for any injury or
damage to persons or property arising out of or related to any use of this information,
or for any errors or omissions.

APPENDIX 2. GUIDELINE AND CONFLICTS OF INTEREST

The Expert Panel was assembled in accordance with ASCO's Conflict of Interest
Policy Implementation for Clinical Practice Guidelines (‘Policy,” found at http://
www.asco.org/guideline-methodology). All members of the Expert Panel completed
ASCO's disclosure form, which requires disclosure of financial and other interests,
including relationships with commercial entities that are reasonably likely to ex-
perience direct regulatory or commercial impact as a result of promulgation of the
qguideline. Categories for disclosure include employment; leadership; stock or other
ownership; honoraria, consulting or advisory role; speaker's bureau; research funding;
patents, royalties, other intellectual property; expert testimony; travel, accommo-
dations, expenses; and other relationships. In accordance with the Policy, the majority
of the members of the Expert Panel did not disclose any relationships constituting a
conflict under the Policy.
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TABLE A2. Recommendation Rating Definitions

Term

Definition

Quality of evidence

High We are very confident that the true effect lies close to that of the estimate of the effect

Moderate We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but
there is a possibility that it is substantially different

Low Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the
effect

Very low We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the

estimate of effect.

Strength of recommendation

Strong

In recommendations for an intervention, the desirable effects of an intervention outweigh its undesirable effects

In recommendations against an intervention, the undesirable effects of an intervention outweigh its desirable effects

All or almost all informed people would make the recommended choice for or against an intervention

Conditional/weak

Inrecommendations for an intervention, the desirable effects probably outweigh the undesirable effects, but appreciable
uncertainty exists

In recommendations against an intervention, the undesirable effects probably outweigh the desirable effects, but
appreciable uncertainty exists

Most informed people would choose the recommended course of action, but a substantial number would not

NOTE. GRADE Handbook, Schiinemann et al.?*
Abbreviation: FP, fertility preservation.
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