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Fertility Assessment and Fertility
Preservation Options
Anna Claire Reynolds, Terri L. Woodard,
and Laurie J. McKenzie

Case Presentation
J.T. is a 38-year-old female P0 with a clinical stage IA, grade 2, left breast intraductal
carcinoma ER + (65%), PR + (95%) HER2-, Ki-67 15% left breast intraductal carcinoma that
presents two weeks after her initial diagnosis. Her treatment plan involves upfront surgery,
with adjuvant therapy to be determined based on her intraoperative findings. She is referred
for an oncofertility consultation to discuss the potential impact of her upcoming cancer
treatment on her fertility, as she may be interested in having children in the future.

Introduction
Worldwide, approximately 9 million women were diagnosed with cancer in 2020, and 9.6%
were under the age of 40 [1]. Younger patients with cancer commonly present with more
advanced disease due to delays in diagnosis, higher uninsured rates, and higher prevalence
of aggressive disease [2]. Fortunately, cancer mortality rates in adolescent and young adults
(AYAs; typically defined as ages 15–39 years) and all age groups, have been declining since at
least 1975. The AYA five-year relative survival rates are 94% or greater for many of the most
common cancers such as thyroid, melanoma, and Hodgkin’s lymphoma.

As survival rates improve, there is an increased focus on the complex issues surrounding
cancer survivorship, particularly for younger women of reproductive age. Among young
women diagnosed with cancer, concerns regarding future fertility are secondary only to
concerns regarding survival [3, 4]. One study found that among childless cancer survivors,
over 75% endorsed wanting children in the future, yet only 6% had undergone fertility
treatment [5]. Guidelines from the American Society of Clinical Oncology (ASCO) and
American Society for Reproductive Medicine (ASRM) state that healthcare providers
should discuss the risk of infertility and fertility preservation options with all reproductive
age patients diagnosed with cancer [6, 7].While themajority ofmales diagnosed with cancer
receive information regarding treatment impact on fertility, 40–62% of reproductive age
women diagnosed with cancer have reported not receiving fertility counseling at diagnosis
or report unmet fertility needs [8–11]. Unaddressed fertility concerns may significantly
impact quality of life among reproductive-aged female cancer survivors [9]. One qualitative
study exploring survivor preference surrounding fertility concerns asked women how they
would like to learn about fertility issues, and one prevalent theme was that survivors wanted
their doctors or another healthcare provider to initiate a discussion about their options [12].
Receipt of counseling regarding fertility preservation has been shown to reduce long-term
regret and dissatisfaction amongst cancer survivors and may be associated with both
improved physical and psychological quality of life [13–15].
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Fortunately, current oncology care has evolved from a primary focus on cancer treat-
ment to a comprehensive model that includes survivorship issues. With advancements in
screening, diagnostic tools and effective treatments, life after cancer becomes increasingly
important for optimizing patient care. The term oncofertility was coined in the early 2000s
and represents an interdisciplinary approach to closing the information, data, and option
gaps in the care of reproductive age cancer survivors [16]. Through oncofertility counseling,
life-preserving treatments are balanced with fertility preservation options with a focus on
reproductive survivorship care. The psychological, social, physical, and emotional changes
that occur following cancer treatment are now a focus, as patients are expected to live well
beyond their cancer treatment years.

Cancer treatment may include a combined approach of surgery, radiation therapy
(proton and photon), and chemotherapy. These treatment modalities may have a detrimen-
tal effect on fertility based on the type of treatment and agent(s), number of treatment
cycles, cumulative dosing, and timing between treatment cycles [17]. Additional factors
such as patient age at time of cancer treatment and the patient’s baseline fertility status also
influence future reproductive capacity. The relative probability of a childhood female cancer
survivor having a child is reduced by approximately 50% compared to siblings, and the 10-
year cumulative postdiagnosis parenthood rate is only 14% among patients diagnosed with
cancer at the age of 15–45 [18, 19]. Therefore, it is imperative that healthcare providers
counsel patients about the impact of cancer treatment on future fertility and provide options
for fertility preservation.

Fertility Assessment
A baseline fertility assessment includes obtaining a thorough history, targeted physical
examination, bloodwork, and pelvic ultrasound. Comprehensive medical and surgical history
should be obtained including gynecologic history such as a detailed menstrual history, date of
last menstrual cycle, current contraception, menarche, cycle interval and length, ovulation
and obstetric history (gravidity, parity, time to previous pregnancies, and mode of delivery).
Prior fertility attempts, testing, and treatment history should be elicited. Physical examination
should include basic vital signs, body mass index (BMI), thyroid, breast, and pelvic examin-
ations with attention to uterine size, shape, position, adnexal masses, or tenderness.

While age remains the most important overall predictor of reproductive potential and
live birth rates, laboratory and ultrasound evaluation to determine ovarian reserve is a key
aspect of a baseline fertility evaluation in cancer patients (Table 1.1). Ovarian reserve
represents the total number of healthy, immature oocytes available within the ovaries.
Ovarian reserve testing includes both ultrasound imaging and hormonal measures to
predict reproductive potential. Transvaginal ultrasound examination is performed to deter-
mine the antral follicle count (AFC), ovarian volume, and uterine characteristics. AFC
describes the total number of small follicles that measure between 2 and 10 mm in diameter
with transvaginal ultrasound [20]. Normal range for antral follicle count is broad, depend-
ing on the patient’s history. For example, women with polycystic ovary syndrome may have
an AFC of >40 on transvaginal ultrasound assessment, which would be normal for that
disease physiology. AFC of at least 7 is considered normal. AFC of less than 5–7 is consistent
with diminished ovarian reserve [20]. This value is especially important when considering
treatment options for fertility preservation, as it correlates with expected oocyte recruitment
during in vitro fertilization (IVF).
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Hormonal measures of ovarian reserve include serum follicle-stimulating hormone
(FSH), estradiol, inhibin B, and anti-mullerian hormone (AMH). AMH is a glycoprotein
product of small ovarian follicles. FSH, estradiol and inhibin B must be measured in the early
follicular phase (typically days 2–5 of a menstrual cycle) to provide an accurate assessment of
ovarian reserve. These tests are not reliable while taking combination oral contraceptive pills,
and often require a several-week “wash out’ before values can be interpretable. In contrast to
these traditional markers of ovarian reserve, AMH levels are independent of menstrual cycle
phase; although may be slightly reduced in women taking combined oral contraceptive pills
[21]. A recent cross-sectional study that reviewed AMH levels in over 27,000 women found
lower AMH levels with women utilizing oral contraceptive pills, as well as the vaginal ring,
hormonal intrauterine device, implant and progesterone-only when compared to women not
using any hormonal contraceptive [22]. An AMH greater than 1.0 ng/mL in an adult female
indicates good ovarian reserve while values less than 1.0 ng/mL indicate diminished ovarian
reserve. Individuals with higher AMH values before cancer treatment may be more likely to
regain ovarian function following cancer treatment [23–26].While AMH is the gold-standard
marker of ovarian reserve and a valuable predictor of response to ovarian stimulation in
women undergoing IVF, there is conflicting data on its ability to predict future live birth rates.
Not surprisingly, AMH levels and live birth rates diminish remarkably at age 40 and beyond.
However, for younger women (under age 35) AMH levels have little influence on live birth
rate prediction [27]. Prospective data have also confirmed that there is no association with
AMH and natural fecundity in the general population [28]. Thus, AMH must be interpreted
in conjunction with other indices including age and AFC to provide a more informative
assessment of ovarian reserve. Despite its limitations, baseline ovarian reserve testing is
helpful to counsel patients regarding the expected success of oocyte/embryo banking and
for comparison after cancer treatment.

Reproductive Effects of Treatment
Chemotherapy
Chemotherapy administration may result in permanent cessation of menses, and the risk is
typically quantified as high (>80%), intermediate (20%–80%), or low (<20%). Patient-
related factors such as age and baseline fertility, as well as cumulative dose and cycle
schedule, affect this risk [29]. For traditional chemotherapies, the alkylating agents pose
the highest risk for deleterious effects on fertility by inducing double-stranded DNA breaks
in oocytes, resulting in direct ovarian toxicity [30, 31]. Alkylating agents with high ovarian
toxicity include chlorambucil, cyclophosphamide, ifosfamide, melphalan B sulfate, nitrogen
mustard, and procarbazine (Figure 1.1) [32, 33]. Platinum agents (cisplatin, carboplatin,
oxaliplatin) also carry a moderate to high risk for oocyte/ovarian damage. In contrast, the
antimetabolites and vinca alkaloids, such as vincristine and methotrexate, are classified as
low risk for ovarian toxicity [30, 34]. Specific chemotherapy agents can also vary in their
level of ovarian toxicity, based on patient age. For example, women older than 40 years of
age receiving doxorubicin are at higher risk of ovarian toxicity, whereas those younger than
30 years are at lower risk [35].

Several methods can be utilized to assess ovarian function following treatment with
systemic chemotherapeutic agents. Women with ovarian toxicity following chemotherapy
will often present with menstrual irregularities (oligomenorrhea and amenorrhea) and
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Figure 1.1 Chemotherapy-induced ovarian toxicity [35] Reprinted by permission by Reynolds et al. JCO 2023 [35]
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vasomotor symptoms, including hot flushes and night sweats. However, regular menstrual
cycles do not necessarily indicate normal fertility potential. Patients with diminished
ovarian reserve may have regular menstrual cycles for a time period prior to experiencing

Figure 1.1 (cont.)
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menstrual cycle changes. Diminished ovarian reserve may initially present as hormonal
abnormalities such as an increase in FSH or decrease in AMH before progressing into
clinical symptoms of irregular or absent menses [35]. Patients who have undergone gona-
dotoxic therapy may develop primary ovarian insufficiency (POI). POI (formerly known as
premature ovarian failure) is a diagnosis defined by menstrual irregularity for at least three
to four consecutivemonths and a FSH >40 IU/L on 2 separatemeasurements (spaced at least
one month apart) prior to age 40 [30, 35, 36].

Proposed Mechanisms for Chemotherapy-Induced Ovarian Toxicity
It is difficult to predict the effect of chemotherapy on fertility, however, multiple mechanisms
have been proposed regarding the underlying pathophysiology of chemotherapy-induced
gonadotoxicity. Ovarian tissue ischemia may occur as a result of vasoconstriction or inhib-
ition of angiogenesis [36]. DNA cross-linking/intercalation or inhibition of protein synthesis
through DNAmethylation inhibition leads to ovarian follicle apoptosis. Follicular death may
also arise from a disruption in follicular cycling, as inhibition of microtubule assembly can
arrest follicles in metaphase [34]. Destruction of larger follicles may decrease AMH, which is
responsible for suppression of the primordial (early) follicular pool. With the drop in AMH,
primordial follicles are then activated and subsequently recruited in an effort to replace the
loss of growing follicles. The primordial follicular pool represents a finite, nongrowing
population; therefore, once it is depleted, follicles are not replaced [35, 36].

Radiation
The human oocyte is exquisitely sensitive to radiation. It is estimated that the lethal dose of
radiation required to eliminate 50% of oocytes (LD50) is 2 Gray (Gy) [37]. A radiotherapy
dose of 45–50 Gy induces POI in greater than 90% of patients [31]. Prescribed radiation
doses vary based on cancer type and stage at diagnosis. For example, in colorectal cancer
(CRC) treatment, cumulative radiation doses can typically approximate 50 Gy [38]. For
cancer that require treatment with total body irradiation, radiation doses can be estimated
at 12–14 Gy. POI would be expected with both of these examples.

Pituitary or hypothalamic exposure to radiation can result in gonadotropin deficiency,
precocious puberty and/or hyperprolactinemia. The degree of neurotoxicity depends on the
total dose, fraction size and duration of radiation. Gonadotropin deficiency is typically a late
complication of radiation administration with a cumulative incidence of approximately 20–
30% during long term follow up, irrespective of childhood versus adulthood exposure [39].
Fortunately, however, gonadotropin(s) can be replaced exogenously and allow a pregnancy

Figure 1.1 (cont.)
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to occur. Proton beam as opposed to photon radiation may confer less neurotoxicity,
although reproductive outcomes are lacking.

While the ovaries are muchmore susceptible to radiation-induced damage compared to the
uterus, the uterus can also be negatively impacted. Histological changes following radiation
include edema of the uterine serosa, uterine atrophy, and abnormal vascularity particularly in
the prepubertal patient [40]. However, the adult uterus is susceptible as well. Uterine radiother-
apy doses ofmore than 5 Gy in a postpubertal females confer a relative risk of 2.48 for infertility,
increase in the incidence of premature births (OR = 3.5, 95% CI: 1.5–8.0), low birth weight
(OR = 6.8, 95% CI: 2.1–22.2) and small for gestational age (OR = 4.0, 95% CI: 1.6–9.8) when
compared to women with no history of radiotherapy [41]. Unfortunately, there is no consensus
on the dose above which a pregnancy is not sustainable. It has been suggested that pregnancy is
contraindicated with doses exceeding 45Gy in adulthood and 25Gy in childhood [40].

Immunotherapies/Other
Evidence of ovarian toxicity from immunotherapy and targeted agents, such as small-
molecule inhibitors, is limited and mixed. Immunotherapies, particularly ipilimumab (either
alone or in combination with other immune checkpoint inhibitors), have been linked to risk
of hypophysitis, which can lead to menstrual cycle irregularity and infertility [42–44]. Small-
molecule inhibitors, such as tyrosine kinase inhibitors and mammalian target of rapamycin
(mTOR) inhibitors, have limited reproductive data in humans, but may have a negative
impact on ovarian reserve. Tyrosine kinase inhibitors (TKI) specifically have shown varied
ovarian effects; however, most clinical case series suggest that they cause reversible changes in
ovarian function. A recent study assessing 361 childhood outcomes following TKI exposure
in women at the time of conception, found twice the baseline incidence of teratogenicity.
Clinical observational studies show an association of menstrual disorders and ovarian cysts
during treatment with mTOR inhibitors, specifically sirolimus [45–47]. Reassuringly, normal
menstrual cycles were restored within a few months after treatment cessation [35].

Monoclonal antibodies, such as the anti-angiogenic agent of bevacizumab, have
unknown impact on long-term fertility. In 2011, the FDA required the addition of a revised
package insert warning of detrimental fertility effects as a result of a study involving 179
colon cancer patients exposed to bevacizumab [42]. Those utilizing bevacizumab +
FOLFOX (combination of leucovorin calcium, fluorouracil and oxaliplatin) experienced a
34% ovarian failure rate compared to 2% that did not utilize bevacizumab [43]. Ovarian
function returned in approximately 20% of women after discontinuation of bevacizumab
therapy. In contrast, trastuzumab, a monoclonal antibody targeting human epidermal
growth factor receptor, has not been shown to increase risk of ovarian failure [44].

There is a notable increase in the use of immunomodulatory drugs, and the data
regarding fertility impact is exceedingly scarce. Hopefully the next several years will yield
data regarding reproductive outcomes in humans.

Fertility-Sparing Approaches for Gynecologic Malignancies
Endometrial Cancer
Endometrial cancer is the most common gynecologic cancer affecting women. While it
more commonly affects postmenopausal women, the overall prevalence continues to rise
among women younger than age 45. Standard-of-care approach includes surgical staging
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with hysterectomy, bilateral salpingo-oophorectomy (BSO) and pelvic and para-aortic
lymph node assessment. Current society guidelines permit the consideration of fertility-
sparing management with progestin therapy in patients with stage IA, grade 1 (well-
differentiated) endometrioid type endometrial cancer. Pretreatment magnetic resonance
imaging (MRI) should be obtained confirming no evidence of metastatic disease or myo-
metrial invasion. In addition, if the initial diagnosis is based on an office endometrial biopsy,
dilation and curettage should then be performed as it has been shown to have a better
diagnostic performance in determining cancer grade [48]. Fertility-sparing treatment of
grade 2 endometrioid endometrial cancer is only reported in very small case studies and
should only be considered in highly selected individuals with a shared decision-making
approach [49].

A progestin-containing regimen with or without hysteroscopic resection is the recom-
mended fertility-sparing treatment of appropriately selected endometrial cancer patients.
Regimens include the use of a levonorgestrel-releasing intrauterine system (LNG-IUS)
alone and/or in combination with oral progestins (most commonly medroxyprogesterone
acetate or megestrol acetate). Serial surveillance endometrial biopsies are obtained every
three months to monitor treatment response. The majority of patients will respond with
reported complete response rates ranging from 64–88% with median time to response two
to nine months [50–53]. Risk of recurrence is 20–40% and once childbearing is complete,
definitive standard-of-care surgical treatment should be strongly considered [51, 54].

In patients undergoing definitive surgical staging including hysterectomy and lymph
node dissection, ovarian preservation is a reasonable option in patients with early-stage, low
grade tumors. A large recent study reported that ovarian preservation in women under age
50 at time of endometrial cancer surgery was a safe option, and was associated with
decreased risk of death due to cardiovascular disease and improved overall survival [55].
In patients wishing to pursue pregnancy, IVF could later be performed to produce embryos
for transfer into a gestational carrier.

Endometrial cancer patients encompass a group of women who often have other
baseline health and fertility challenges such as obesity, diabetes, hypertension, polycystic
ovarian syndrome (PCOS), anovulation, and irregular menses. These same factors may also
negatively impact one’s ability to conceive and maintain a healthy pregnancy. Oral proges-
tin therapy is associated with weight gain; therefore, for these women, a LNG-IUS may be a
better first line treatment choice. Lifestyle counseling regarding diet, exercise, nutrition, and
weight loss are important and patients may benefit from referral to a weight loss team and/
or bariatric surgeon. Optimizing overall health andmetabolic status increases the likelihood
of conception and decreases the risk of miscarriage, fetal anomalies, andmaternal morbidity
during pregnancy [56].

Cervical Cancer
Cervical cancer is often diagnosed in reproductive age women, with 37% of new cervical
cancer cases in women younger than age 45 [57]. Radical trachelectomy with lymph node
assessment is an acceptable alternative in those who desire future fertility [58]. Potential
candidates for a fertility-sparing surgical approach include the following: squamous or
adenocarcinoma histology, lesion less than or equal to 2 cm, no deep stromal invasion,
and no evidence of lymph node involvement or distant metastatic disease [59, 60]. Overall,
oncologic outcomes are excellent for fertility-sparing surgery in cervical cancer with no
reported difference in overall or disease-free survival rates [61, 62]. A large systematic
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review including 2,777 fertility-sparing procedures for cervical cancer and 944 pregnancies
reported fertility, live birth, and prematurity rates of 55%, 70%, and 38%, respectively [63].
Routine completion hysterectomy is not recommended after childbearing is complete, but
given lack of data, it may be considered based on individual patient factors.

It is important to stress that a radical trachelectomy procedure does not ensure future
conception, and increased rates of preterm births have been reported. Infertility rates post-
procedure range from 14–41%, and many patients will require insemination of sperm or
IVF to conceive [64, 65]. Cervical stenosis is a major cause of post-trachelectomy infertility.
Management of cervical stenosis can be challenging and require additional procedures to
correct the issue, which are not always successful. If the stenosis is severe, hematometra may
develop resulting in the need for chronic menstrual suppression and/or completion hyster-
ectomy. With appropriate patient selection, radical trachelectomy in early-stage cervical
cancer is safe with acceptable reproductive outcomes.

Ovarian Cancer
Most ovarian cancer cases are diagnosed in postmenopausal women, with only 12% of new
cases arising in women under 45 years of age [66]. Ovarian cancer is the most lethal
gynecologic cancer as it is often diagnosed at advanced stages, however younger women
are more likely to present with earlier-stage disease and have a better prognosis [67]. For
patients with tumors of low malignant potential, nonepithelial ovarian tumors and stage I
epithelial ovarian cancer, fertility-sparing surgery is an acceptable option. A fertility
sparing approach may include an ovarian cystectomy or unilateral salpingo-oophorectomy,
omentectomy, peritoneal washings, pelvic and paraaortic lymphadenectomy, and periton-
eal biopsies with preservation of the uterus and contralateral ovary. The extent of surgical
staging varies depending on the individual ovarian tumor histology. Unlike endometrial
and cervical cancer, the pathology of the tumor is typically unknown preoperatively.
Patients must be counseled on the potential etiologies including benign, borderline, and
malignant tumors as well as standard treatment options including both conventional and
fertility-sparing treatment options. Intraoperative decision-making is required based on
operative findings and frozen section pathology so it is essential to obtain as much
information as possible preoperatively about a patient’s desire to preserve fertility. It is
also imperative that a patient understands that frozen section pathology may differ from
final pathology and a two-step procedure may be necessary in some cases [68, 69].

Oncologic outcomes after fertility-sparing treatment in select patients with ovarian
cancer are reassuring based on observational data. A prospective analysis of fertility sparing
surgery in patients with nonepithelial ovarian cancer was not associated with worse onco-
logic outcomes and demonstrated equivalent five-year overall and progression free survival
rates [70]. In epithelial ovarian cancer however, the safety of fertility sparing surgery in
patients with high-risk features such as stage IC disease or other high grade histologies is
debated [71, 72]. A large cohort study using the National Cancer Database demonstrated
that fertility sparing surgery in stage IA or unilateral stage IC epithelial ovarian cancer was
not associated with an increased risk of death when compared to conventional surgery;
however, the total number of patients with high-risk histology was relatively low [73].
Patients with stage IC epithelial ovarian cancer or other high-risk features should be
counseled with caution given the paucity of oncologic safety data. Completion hysterectomy
and bilateral salpingo-oophorectomy should be considered after childbearing is complete
based on individual tumor characteristics.

Anna Claire Reynolds, Terri L. Woodard, Laurie J. McKenzie

10

available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009279864.001
Downloaded from https://www.cambridge.org/core. IP address: 18.216.225.60, on 02 Feb 2025 at 08:21:32, subject to the Cambridge Core terms of use,

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009279864.001
https://www.cambridge.org/core


Fertility Preservation Options: Surgical Approaches
Ovarian Transposition
One surgical option for women undergoing pelvic radiation therapy who desire future
fertility is ovarian transposition (oophoropexy). Ovarian transposition involves mobilizing
one or both ovaries and attaching them to the sidewall of the abdomen at the pelvic brim.
Ovarian transposition may be performed either open or laparoscopically, although the
laparoscopic approach is increasingly preferred due to less postoperative pain, faster
recovery, and shorter hospital stay [74, 75]. Even with oophoropexy, the ovaries are not
without risk of damage, as they can still receive 8–15% of the prescribed dose of radiation
due to scatter and transmission through a pelvic shield [76,77].

Methods to assess success of oophoropexy vary. Scant data exist regarding pregnancy
rates and outcomes in those attempting pregnancy after oophoropexy and subsequent
pelvic radiotherapy for CRC. Spontaneous pregnancies following ovarian transposition in
patients with CRC have been reported, although the cases are exceedingly limited [78]. A
series of 11 women who underwent ovarian transposition prior to pelvic radiotherapy for
Hodgkin’s lymphoma reported 14 pregnancies among the 11 women, with 12 live births
[79]. Separate meta-analyses have reported that ovarian transposition in women younger
than 40 years is associated with an 70–88.6% chance of fertility preservation [80, 81]. Once
the ovaries are mobilized out of the pelvis, future conception may require an abdominal
approach to access the ovaries for assisted reproductive technologies or a second surgery to
restore the ovaries to their original anatomic position.

Uterine Transposition and Fixation
Ovarian transposition may move the ovaries out of the radiation field but still leave the
uterus vulnerable to radiotoxicity. An emerging fertility-sparing technique is uterine trans-
position and fixation [82]. Uterine transposition involves repositioning the uterus into the
upper abdomen to avoid radiation exposure and then repositioning it in the pelvis after
treatment [83, 84]. This surgery can be performed laparoscopically and involves transecting
the round ligament at the pelvic sidewall, separating the broad ligament, ligating the uterine
arteries, and separating the cervix from the vagina. The uterus is then transposed to the
upper abdomen and fixed to the anterior abdominal wall, followed by attaching the cervix to
the fascia near an umbilical incision. While the technique for uterine transposition has been
demonstrated, it is considered experimental and data regarding subsequent pregnancy
outcomes are exceedingly limited.

Ovarian Suppression
Gonadotropin-releasing hormone (GnRH) agonists, such as leuprolide acetate, are often
used as a means of fertility preservation in patients with cancer who are undergoing
chemotherapy. Several mechanisms have been proposed by which GnRH agonists may be
protective of fertility, including FSH suppression leading to a decreased number of primor-
dial follicles entering development, hypoestrogenism causing a decrease in ovarian perfu-
sion and therefore lower exposure of the ovaries to cytotoxic chemotherapeutic agents, and
a direct effect on the ovary that protects the germline stem cells [85, 86]. Despite these
proposed mechanisms, GnRH use has not been definitively shown to improve fertility
outcomes and remains controversial [87]. A meta-analysis of 11 RCTs with 1,062
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participants demonstrated a greater number of women treated with a GnRH agonist
resumed menses after chemotherapy (pooled OR 2.57, 95% CI 1.65, 4.01), but subgroup
analysis failed to show a difference in spontaneous pregnancy rates between those who did
and did not receive GnRH agonist during chemotherapy (pooled OR 1.77, 95% CI 0.92,
3.40) [88]. Most of the research assessing GnRH agonists as a protective agent has been
performed in women with breast cancer. Consequently, the most recent ASCO guidelines
from 2018 recommend that patients be offered GnRH agonist treatment if there is high
likelihood of chemotherapy-induced ovarian failure; however, patients should be exten-
sively counseled regarding the conflicting data of its efficacy, and GnRH agonists should not
be used to replace other proven fertility preservation methods [7].

Although GnRH agonists are most commonly employed for gonadal protection in this
patient population, they (in addition to medroxyprogesterone or oral contraceptives) may
be used for menstrual suppression during cancer treatments [89, 90]. For hematologic
malignancies, avoiding menses is of central importance given the bleeding risks associated
with thrombocytopenia. Importantly, menstrual suppression with GnRH agonist therapy is
not a reliable form of contraceptive and additional protection against pregnancy should be
administered throughout chemotherapy treatment. Multiple contraceptive options are
available, depending on the type of malignancy and hormone sensitivity, including barrier
contraception, intrauterine device with or without progestin, implants or oral medications
(see Chapter 6 for further discussion).

GnRH agonist treatment ideally should begin before the initiation of chemotherapy for
best efficacy [85, 86] and can be administered in monthly doses or every 12 weeks via
intramuscular injections (Table 1.2). A moderate or heavy menses can occur approximately
two weeks after the first injection. This can be alleviated by initiating combination oral
contraceptive pills at the same time as the leuprolide. Patients with central nervous system
tumors are recommended to avoid use of GnRH agonists due to alteration in the seizure
threshold associated with this medication [89]. For patients with breast cancer, the initial
administration of medication may result in worsening of cancer symptoms due to a
transient increase in estradiol production (i.e. “flare effect”) resulting in bone pain or

Table 1.2 Dosing of menstrual suppression therapies

Therapy Dosage

Progestin only – Oral Therapy

Medroxyprogesterone acetate 10–20 mg/day

Norethindrone acetate 5–15 mg/day

Drospirenone 4mg/day

Norethindrone 0.35 mg/day

Gonadotropin-releasing hormone agonists – Injection Therapy

Goserelin acetate 3.6 mg/28 days

Leuprolide acetate 3.75 mg/month or 11.25 mg/3 months
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neuropathies. Patients with vertebral bone lesions should bemonitored carefully for signs of
spinal cord compression [89]. In patients with thrombocytopenia, the medication may be
administered subcutaneously in lieu of the intramuscular injection. Platelet levels of
≥ 50,000 are recommended for intramuscular administration [90]. GnRHa therapy induces
a hypoestrogenic state within two weeks of initiation, and the most common adverse side
effects are bone density loss with long-term use and vasomotor symptoms.

Fertility Preservation: Assisted Reproductive Technology (ART)
Oocyte and Embryo Cryopreservation
Current established methods of fertility preservation in postpubertal females include
oocyte, embryo, and ovarian tissue cryopreservation. Oocyte and/or embryo cryopreserva-
tion are the most established, successful methods of preserving fertility and require an
approximate two-week window prior to the initiation of cancer treatments. Typically, 8–12
days of recombinant FSH and luteinizing hormone (LH) are administered to facilitate
oocyte recruitment and development followed by transvaginal oocyte harvest.
Transvaginal aspiration of the oocytes is a thirty-minute outpatient procedure often per-
formed under conscious sedation. Once the oocytes are harvested, they are assessed for
maturity and either cryopreserved as oocytes, or fertilized, cultured and cryopreserved as
embryos. Oocyte and/or embryo cryopreservation also allow the opportunity for preim-
plantation genetic testing (PGT) of embryos for monogenic disorders, which is particularly
relevant for those with hereditary cancer.

Random-start IVF protocols allow a patient to initiate fertility treatment immediately
regardless of menstrual cycle phase. Random start protocols have been shown to produce
similar oocyte and embryo yields when compared to traditional follicular (early menstrual
cycle) phase protocols [91]. A recent comparison of live birth rates between cryopreserved
oocytes and embryos revealed a slightly lower survival rate for thawed oocytes than embryos
(79.1% versus 90.1%), but similar fertilization rates (76.2% versus 72.8%), clinical pregnancy
rates (26.5% versus 30%) and live birth rates (25% versus 25.1%) [92]. Given the high
circulating estradiol levels that result from fertility medications, and the concern for
stimulating estrogen-sensitive tumors, ovarian stimulation protocols have been developed
that utilize anti-estrogenic drugs, such as letrozole, to minimize estradiol levels [93]. In
addition, careful monitoring is required during ART to avoid complications such as ovarian
hyperstimulation syndrome which could further delay cancer treatment.

Ovarian Tissue Cryopreservation
Despite the current use of random start protocols, women diagnosed with cancer who wish to
preserve their fertility through embryo or oocyte cryopreservation still require a two-week
timeframe to complete a treatment cycle. Ovarian tissue cryopreservation (OTC) exists as an
option specifically for patients in whom oocyte harvest is unfeasible due to time constraints
and/or for prepubertal females. Previously, OTC was considered an experimental fertility
preservation option, but ASRM removed its experimental label in 2019.

Ovarian tissue cryopreservation typically involves laparoscopic removal of a portion of
one or both ovaries and then the tissue is sectioned into strips of tissue less than 2 mm thick
and cryopreserved [94]. This procedure can often be coordinated with other planned
surgeries such as port or central line placement, tumor resection, or bone marrow aspir-
ation, particularly in the prepubertal or pediatric population [95]. The ovarian tissue is then
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subsequently reimplanted to the patient following completion of treatment with gonado-
toxic agents. Transplantationmay be performed in an orthotopic manner by reimplantation
into the pelvis which is preferable, or a heterotopic (extra pelvic) manner with transplant-
ation to the forearm or abdominal wall [96].

In a 2017 review, just over 130 live births were documented from OTC and reimplanta-
tion [97–100]. A more recent study, published in 2021, reported an additional 95 healthy
newborns from a cohort of 285 women who underwent OTC with ovarian tissue trans-
plantation. In this same study by Dolmans et al. ovarian tissue transplantation restored
endocrine function in 88.7% (181/204) of patients [101]. Ovarian function typically returns
within 4.5 +/- 2.2 months post-tissue transplant and lasts an average of five years. Pregnancy
success rates range from 23–40% in most reports [100–102]. Of the births and pregnancies
where data was available, the conception rate is comparable between those who spontan-
eously conceived and those that underwent in vitro fertilization.

Although data is limited, there are concerns with the cost of OTC as a surgical
option for fertility preservation. The incurred costs are often higher than oocyte
cryopreservation, particularly when considering the additional costs of reimplantation
of the previously cryopreserved tissue.

There are also specific ethical issues involved when completing fertility preservation in
the prepubertal or pediatric population.Minors do not have the ability to truly “consent” for
a procedure but instead can only “assent.” Although parents most often have their child’s
best interest at heart, there can be discrepancy in future reproductive desires. Additional
complex challenges with OTC are chain of custody for the tissue if the patient does not
survive. The legal system in the United States has identified gametes as “property”; however,
cryopreserved ovarian tissue is an organ rather than a gamete. This is a legal area which is
largely unexplored and is currently being handled on an individual basis [103].

Another concern regarding ovarian tissue transplantation in oncology patients is the
risk of reintroduction of malignant cells [104]. In patients with leukemia, ovarian tissue
transplantation is not recommended as harvested ovarian tissue can demonstrate infiltra-
tion with leukemic cells. In patients with active leukemia, immunohistochemical and
genetic markers have been utilized to determine the presence of malignant cells in cryopre-
served ovarian tissue through polymerase chain reaction (PCR)-based platforms [105]. In
other cancer types, such as breast cancer, PCR testing did not detect malignant cells in
ovarian tissue [106]. These findings suggest that PCR testing of ovarian tissue prior to
reintroduction may be an option. However, the presence of malignant cells through PCR
testing in ovarian cortex tissue previously cryopreserved does not appear to fully determine
the malignant potential of those cells when reimplanted. At a minimum, histological
examination of the cryopreserved ovarian tissue prior to reimplantation is recommended
[107]. To avoid the risk of reimplantation of occult tumor cells, in vitro maturation (IVM)
techniques hold future promise in the ability to mature oocytes from ovarian tissue ex vivo.
In vitro maturation would avoid the need for a reimplantation procedure, however, such
technology is not yet widely available [101].

Third Party Reproduction and Adoption
For those unable to conceive with their own oocytes, third party reproductive
options, such as oocyte donation, embryo donation, gestational surrogacy, or child
adoption, should be offered. Patients can work with a fertility specialist or adoption
agency to pursue their desired options for family-building. Donor and gestational
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carrier agencies can help patients access donor oocytes, embryos, or gestational
carriers based on their needs with regard to family-building. Fertility specialists
can facilitate gamete donation using known or anonymous donors. There are specific
FDA-regulated requirements for all third-party reproduction, including infectious
disease testing of donors and quarantine of certain donor samples. Over 60% of
cancer survivors state a willingness to adopt if they could not have a biological child;
adoption agencies assist with child adoption and foster-to-adopt programs [5].
Counseling with a mental health professional with expertise in third-party reproduc-
tion is recommended. In addition to addressing the psychosocial impact associated
with cancer-related infertility, this counseling can help patients process the family-
building options available to them if they are unable to have a genetic child or carry
a pregnancy.

Safety of Assisted Reproductive Technology in Patients with Cancer
Ovarian Stimulation
To developmultiple oocytes during oocyte or embryo banking cycles, recombinant FSH and
LH are administered for approximately 8–12 days. During this 8–12-day window, estradiol
levels are supraphysiologic often peaking in the range of 1500–3000 pg/ml. For patients with
hormonally sensitive or responsive tumors, this supraphysiologic estradiol exposure has
presented concerns for increased tumor recurrence/growth. However, adjuncts can be
utilized to decrease plasma levels of estradiol throughout fertility treatment. Most com-
monly, aromatase inhibitors such as letrozole, are given throughout the stimulation to
suppress estrogen levels. In the setting of fertility preservation, adding letrozole to gonado-
tropins during ovarian stimulation decreases serum estradiol levels to a physiologic range
without compromising oocyte or embryo outcomes [108]. Other alternatives include
natural cycle IVF (no exogenous gonadotropin exposure), which has high cancellation
rates and low oocyte yield, or tamoxifen with or without gonadotropins exposure.

Ovarian stimulation for purposes of oocyte or embryo cryopreservation takes approxi-
mately two weeks, specifically with random-start protocols. Patients have expressed concern
that fertility preservation would negatively impact their outcomes due to delaying the start
of treatment, and providers often lack knowledge on the length of time required for fertility
preservation. When assessing time to chemotherapy initiation in breast cancer patients,
those that underwent fertility preservation started chemotherapy at the same time interval
as those that declined fertility preservation [109]. Understanding that each cancer diagnosis
is unique with regard to time to treatment, with few exceptions, the time required for
fertility preservation treatment is often allowable.

Safety of Gonadotropin Exposure and Timing of Subsequent Pregnancy
There does not appear to be an increased risk of cancer recurrence in those who
receive fertility medication before, during, or after their cancer treatment, although
long-term data are limited [110]. Patients are often counseled to wait at least two
years following cancer diagnosis to attempt conception as the vast majority of recur-
rences will occur within the first two years of diagnosis and treatment [111]. For
patients with hormonally responsive breast cancer, adjuvant endocrine therapy, such
as tamoxifen, GnRH agonists, and aromatase inhibitors are often recommended for up
to 10 years. For women who would like to conceive prior to the completion of
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endocrine therapy, many clinicians have recommended a “drug holiday” after comple-
tion of two years to allow for conception efforts. Recent results of the POSITIVE study
(Pregnancy Outcome and Safety of Interrupting Therapy for Women with Endocrine
Responsive Breast Cancer) demonstrated that women with early-stage breast cancer
who interrupted endocrine therapy had the same breast cancer free interval as women
that did not [112]. The median age for this patient sample was 37 years and all
received endocrine therapy for at least 18 months but no more than 30 months. Other
considerations when planning subsequent conception include overall risk of recur-
rence, health status including cardiovascular risk profile, adjuvant treatment length,
residual fertility, and patient age at delivery.

Resources for Fertility Preservation
There are a variety of resources for patients seeking more information regarding cancer
related fertility preservation. The Oncofertility Consortium website (https://oncoferti
lity.msu.edu) provides a resource browser with over 300 patient facing materials on
fertility preservation options for both men and women. Additionally, the website also
offers access to a clinical navigator through their FertLine in order to locate the closest
medical program that can offer fertility services for the patient. Oncofertility Consortium
also sponsors SaveMyFertility (www.savemyfertility.org) – an online fertility toolkit for
patients and providers. This website provides patient and provider pocket guides with
counseling information on fertility preservation resources. Further, these materials are
available in multiple languages and the brochures can be downloaded for reading and
distribution.

Livestrong Fertility (www.livestrong.org/) provides patients with supportive measures
such as access to community programs that discuss the daily struggles cancer patients may
face and day-to-day concerns of survivors. Additionally, Livestrong Fertility has a dedicated
program to provide financial support for patients pursuing fertility preservation and offers a
guidebook to help patients and survivors navigate both emotional and physical needs
throughout their cancer journey.

The Young Survival Coalition (https://youngsurvival.org) is a resource targeted to the
unique needs of young women with breast cancer; specifically postdiagnosis fertility con-
cerns. This platform offers patients a rich online community of support groups and
discussion boards as well as educational materials for survivors. The American Society for
Clinical Oncology (ASCO) shares its detailed guidelines and recommendations via its
online platform at Cancer Net (www.cancer.net). This resource provides educational
materials and support to cancer patients and their caregivers to help them make informed
decisions on their therapy and future fertility. Other useful organizations include Chick
Mission (www.thechickmission.org), Alliance for Fertility Preservation (www.allianceforfer
tilitypreservation.org), American Society for Reproductive Medicine (www.reproductive
facts.org) and Stupid Cancer (https://stupidcancer.org).

Conclusion
Approximately 10% of women diagnosed with cancer are of reproductive age, and future
childbearing is a significant survivorship issue for many of them. Discussing their risk of
cancer-related infertility as well as fertility preservation options will improve reproductive
decision making and quality of life, while decreasing distress and long-term regret.
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Case Resolution
J.T. reports regular menses with no prior fertility evaluation or treatment. She is not
currently in a committed relationship and is inquiring about options for fertility preserva-
tion. Baseline ovarian reserve testing was obtained and found to be reassuring with an AMH
of 1.2 ng/mL (normal 1.0–4.5 ng/mL) and an antral follicle count of 14 (normal greater than
7). In light of her advanced maternal age, treatment-related delay of pregnancy, and the
potential for gonadotoxic adjuvant therapy, oocyte cryopreservation was recommended.
Financial resources were provided and the logistics of a typical cycle were reviewed.

J.T. underwent a left lumpectomy with sentinel lymph node biopsy. Surgical pathology
revealed an intraductal carcinoma measuring 2.5 cm, with mucinous and micropapillary
features grade 2. Micrometastases noted in one of six lymph nodes. Adjuvant therapy with
localized radiation was recommended, followed by Adriamycin and Cytoxan every two
weeks (x 4 cycles) then weekly paclitaxel (x 12 cycles). Treatment plan included monthly
Zoladex for menstrual suppression during adjuvant chemotherapy. Endocrine therapy for a
minimum of five years was anticipated.

Two weeks postoperatively J.T. initiated a random start oocyte cryopreservation treat-
ment cycle. She utilized recombinant gonadotropins (FSH and LH) for 10 days with
concomitant letrozole to attenuate her estradiol levels. Peak estradiol level during her
stimulation was 214 pg/ml and 16 mature oocytes were harvested transvaginally.

Although 16 cryopreserved oocytes does not guarantee her a live birth, it will provide her
with an additional option for future conception. Conception is more difficult at maternal
age 40 or 41 compared to 38 and dose-dense chemotherapy protocols may induce more
ovarian toxicity compared to traditional dosing regimens. Menstrual suppression with a
GnRH agonist may attenuate chemotherapy-induced ovarian toxicity but data is mixed in
regards to degree of benefit.

Effective nonhormonal contraception is recommended and repeat ovarian reserve
testing was scheduled for 18 months after completion of chemotherapy. J.T. expressed
that she was very thankful she underwent fertility preservation prior to chemotherapy
start, and stated she felt hopeful and better prepared to manage her cancer treatment
journey.

Take Home Points
• Approximately 10% of women diagnosed with cancer are of reproductive age.
• Concerns regarding future fertility are secondary only to concerns regarding survival for

many young adult women diagnosed with cancer.
• Undergoing fertility preservation via oocyte or embryo banking takes approximately

two weeks, which is allowable for the majority of cancer patients prior to initiation of
cancer therapy.

• For prepubertal girls or women in which a two-week delay in cancer therapy is not
appropriate, ovarian tissue cryopreservation can be considered.

• For patients with a known germline variant in a hereditary cancer gene, preimplantation
genetic testing with IVF can be utilized to decrease the chance of an affected child.

• Aromatase inhibitors (letrozole) are recommended in conjunction with gonadotropin
administration in women with endocrine responsive tumors undergoing fertility
preservation.
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• Baseline AMH and antral follicle counts correlate with number of oocytes procured with
fertility preservation and can be employed for post-treatment assessment of ovarian
reserve.

Reference
1. World Health Organization (WHO). Global

Health Estimates 2020: Deaths by Cause,
Age, Sex, by Country and by Region, 2000–
2019. WHO; 2020. Accessed December 11,
2020. who.int/data/gho/data/themes/
mortality-and-global-health-estimates/ghe-
leading-causes-of-death

2. Miller, K. D., Fidler-Benaoudia, M., Keegan,
T. H., et al. Cancer statistics for adolescents
and young adults, 2020. CA Cancer J Clin.
2020;70:443–59. https://doi.org/10.3322/
caac.21637

3. Loscalzo M. J., Clark K. L. The psychosocial
context of cancer-related infertility. Cancer
Treat Res. 2007;138:180–90.

4. Carvalho B. R., Kliemchen J., Woodruff T.
K. Ethical, moral and other aspects related to
fertility preservation in cancer patients.
JBRA Assist Reprod. 2017;21:45–8.

5. Schover L. R., Rybicki L. A., Martin B. A.,
Bringelsen K. A. Having children after
cancer. A pilot survey of survivors’ attitudes
and experiences. Cancer. 1999;86:697–709.

6. Ethics Committee of the American Society
for Reproductive Medicine. Fertility
preservation and reproduction in cancer
patients. Fertil Steril. 2005;83:1622–8.

7. Oktay K., Harvey B. E., Partridge A. H., et al.
Fertility preservation in patients with
cancer: ASCO Clinical Practice Guideline
Update. J Clin Oncol. 2018;36:1994–2001.

8. Chin H. B., Howards P. P., Kramer M. R.,
Mertens A. C., Spencer J. B. Which female
cancer patients fail to receive fertility
counseling before treatment in the state of
Georgia? Fertil Steril. 2016;106:1763–71.e1.

9. Benedict C., Thom B., Friedman D., et al.
Young adult female cancer survivors’ unmet
information needs and reproductive
concerns contribute to decisional conflict
regarding posttreatment fertility
preservation. Cancer. 2016;122:2101–9.

10. Niemasik E. E., Letourneau J., Dohan D.,
et al. Patient perceptions of reproductive
health counseling at the time of cancer
diagnosis: a qualitative study of female
California cancer survivors. J Cancer
Surviv. 2012;6:324–32.

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

12. Gorman J. R., Bailey S., Pierce J. P., Su H. I.
How do you feel about fertility and
parenthood? The voices of young female
cancer survivors. J Cancer Surviv.
2012;6:200–09.

13. Letourneau J. M., Ebbel E. E., Katz P. P., et
al. Pretreatment fertility counseling and
fertility preservation improve quality of life
in reproductive age women with cancer.
Cancer. 2012;118:1710–17.

14. Deshpande N. A., Braun I. M., Meyer F. L.
Impact of fertility preservation counseling
and treatment on psychological outcomes
among women with cancer: a systematic
review. Cancer. 2015;121:3938–47.

15. Benedict C., Thom B., Kelvin J. F. Young
adult female cancer survivors’ decision
regret about fertility preservation. J Adolesc
Young Adult Oncol. 2015;4:213–18.

16. Woodruff T., Snyder K. Oncofertility:
fertility preservation for cancer survivors.
Springer Science and Business Media.
October 30, 2007.

17. American Cancer Society. How cancer
treatments can affect fertility in women.
June 28, 2017. www.cancer.org/treatment/
treatments-and-side-effects/physicalside-
effects/fertility-and-sexual-side-effects/
fertility-andwomen-with-cancer/how-
cancer-treatments-affect-fertility.html.
Accessed March 24, 2018.

Anna Claire Reynolds, Terri L. Woodard, Laurie J. McKenzie

18

available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009279864.001
Downloaded from https://www.cambridge.org/core. IP address: 18.216.225.60, on 02 Feb 2025 at 08:21:32, subject to the Cambridge Core terms of use,

http://who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
http://who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
http://who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
https://doi.org/10.3322/caac.21637
https://doi.org/10.3322/caac.21637
http://www.cancer.org/treatment/treatments-and-side-effects/physicalside-effects/fertility-and-sexual-side-effects/fertility-andwomen-with-cancer/how-cancer-treatments-affect-fertility
http://www.cancer.org/treatment/treatments-and-side-effects/physicalside-effects/fertility-and-sexual-side-effects/fertility-andwomen-with-cancer/how-cancer-treatments-affect-fertility
http://www.cancer.org/treatment/treatments-and-side-effects/physicalside-effects/fertility-and-sexual-side-effects/fertility-andwomen-with-cancer/how-cancer-treatments-affect-fertility
http://www.cancer.org/treatment/treatments-and-side-effects/physicalside-effects/fertility-and-sexual-side-effects/fertility-andwomen-with-cancer/how-cancer-treatments-affect-fertility
http://www.cancer.org/treatment/treatments-and-side-effects/physicalside-effects/fertility-and-sexual-side-effects/fertility-andwomen-with-cancer/how-cancer-treatments-affect-fertility
https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009279864.001
https://www.cambridge.org/core


18. Madanat L. M., Malila N., Dyba T., et al.
Probability of parenthood after early onset
cancer: a population-based study.
International Journal of Cancer. 2008;123
2891–8.

19. Magelssen H., Melve K. K., Skjaerven R.,
Fossa S. D. Parenthood probability and
pregnancy outcome in patients with a
cancer diagnosis during adolescence and
young adulthood. Hum Reprod.
2008;23:178–86.

20. Infertility workup for the women’s health
specialist: ACOG Committee Opinion,
Number 781. Obstet. Gynecol 2019;133:
e377–84.

21. Landersoe S. K., Larsen E. C., Forman J. L.,
et al. Ovarian reserve markers and
endocrine profile during oral
contraception: is there a link between the
degree of ovarian suppression and AMH?
Gynecol Endocrinol 2020;36:1090–5.

22. Hariton E., Shirazi T. N., Douglas N. C.,
et al. Anti-Müllerian hormone levels
among contraceptive users: evidence
from a cross-sectional cohort of 27,125
individuals. Am J Obstet Gynecol
2021;225:515.e1–10.

23. Dezellus A., Barriere P., Campone M., et al.
Prospective evaluation of serum anti-
Müllerian hormone dynamics in 250
women of reproductive age treated with
chemotherapy for breast cancer. Eur J
Cancer. 2017;79:72–80.

24. Anderson R. A., Cameron D. A.
Pretreatment serum anti-müllerian
hormone predicts long-term ovarian
function and bone mass after
chemotherapy for early breast cancer. J
Clin Endocrinol Metab. 2011;96:1336–43.

25. Rosendahl M., Andersen C. Y., la Cour
Freiesleben N., et al. Dynamics and
mechanisms of chemotherapy-induced
ovarian follicular depletion in women of
fertile age. Fertil Steril. 2010;94:156–66.

26. Dillon K. E., Sammel M. D., Prewitt M., et
al. Pretreatment antimüllerian hormone
levels determine rate of posttherapy
ovarian reserve recovery: acute changes in
ovarian reserve during and after

chemotherapy. Fertil Steril.
2013;99:477–83.

27. Goswami M., Nikolaou D., Level IAMH. Is
AMH level, independent of age, a predictor
of live birth in IVF? J Hum Reprod Sci
2017;10:24–30.

28. Zarek S. M., Mitchell E. M., Sjaarda L. A., et
al. Is anti-Müllerian hormone associated
with fecundability? Findings from the
EAGeR trial. J Clin Endocrinol Metab
2015;100:4215–21.

29. Nelson L. M. Clinical practice: primary
ovarian insufficiency. N Engl J Med
2009;360:606–14.

30. De Vos M., Devroey P., Fauser B. C.
Primary ovarian insufficiency. Lancet
2010;376:911–21.

31. Schüring A. N., Fehm T., Behringer K.,
et al. Practical recommendations for
fertility preservation in women by the
FertiPROTEKT network: Part I:
indications for fertility
preservation. Arch Gynecol Obstet.
2018;297:241–55.

32. Wan J., Gai Y., Li G., Tao Z., Zhang Z.
Incidence of chemotherapyand
chemoradiotherapy-induced amenorrhea
in premenopausal women with stage II/III
colorectal cancer. Clin Colorectal Cancer.
2015;14:31–4.

33. DolmansM.M. Recent advances in fertility
preservation and counseling for female
cancer patients. Expert Rev Anticancer
Ther. 2018;18:115–20.

34. Bedoschi G., Navarro P. A., Oktay K.
Chemotherapy-induced damage to ovary:
mechanisms and clinical impact. Future
Oncol 2016;12:2333–44.

35. Reynolds A. C., McKenzie L. J. Cancer
treatment-related ovarian dysfunction in
women of childbearing potential:
management and fertility preservation
options. J Clin Oncol. 2023;JCO2201885.
doi: 10.1200/JCO.22.01885.

36. Mauri D., Gazouli I., Zarkavelis G., et al.
Chemotherapy associated ovarian failure.
Front Endocrinol (Lausanne)
2020;11:572388.

Fertility Assessment and Fertility Preservation Options

19

available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009279864.001
Downloaded from https://www.cambridge.org/core. IP address: 18.216.225.60, on 02 Feb 2025 at 08:21:32, subject to the Cambridge Core terms of use,

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009279864.001
https://www.cambridge.org/core


37. Arian S. E., Goodman L., Flyckt R. L.,
Falcone T. Ovarian transposition: a
surgical option for fertility preservation.
Fertil Steril. 2017;107:e15.

38. Shandley L. M., McKenzie L. J. Recent
advances in fertility preservation and
counseling for reproductive-age women
with colorectal cancer: a systematic review.
Dis Colon Rectum 2019;62:762–71.

39. Darzy K. H., Shalet S. M. Hypopituitarism
following radiotherapy revisited. Endocr
Dev. 2009;15:1–24.

40. TehW. T., Stern C., Chander S., Hickey M.
The impact of uterine radiation on
subsequent fertility and pregnancy
outcomes. Biomed Res Int.
2014;2014:482968.

41. Barton S., Najita J., Ginsburg E., et al.
Infertility, infertility treatment, and
achievement of pregnancy in female
survivors of childhood cancer: a report
from the Childhood Cancer Survivor
Study cohort. Lancet Oncol
2013;14:873–81.

42. Azem F., Amit A., Merimsky O., Lessing J.
B. Successful transfer of frozen-thawed
embryos obtained after subtotal colectomy
for colorectal cancer and before
fluorouracil-based chemotherapy. Gynecol
Oncol. 2004;93:263–5.

43. WHO Drug Information, Safety and
Efficacy Issues. Safety and Efficacy Issues,
2011:364–5.

44. U.S. BL 125085 Supplement, AVASTIN
(bevacizumab). AVASTIN (bevacizumab).
Genentech, Inc; 2011.

45. Kerr J. B., Hutt K. J., Cook M., et al.
Cisplatin-induced primordial follicle
oocyte killing and loss of fertility are not
prevented by imatinib. Nat Med. 2012;18
(8):1170–72; author reply 1172–4.

46. SalemW., Ho J. R.,Woo I., et al. Long-term
imatinib diminishes ovarian reserve and
impacts embryo quality. J Assist Reprod
Genet. 2020;37(6):1459–66.

47. BraunM., Young J., Reiner C. S., et al. Low-
dose oral sirolimus and the risk of
menstrual-cycle disturbances and ovarian
cysts: analysis of the randomized

controlled SUISSE ADPKD trial. PLoS
One. 2012;7(10):e45868.

48. Leitao M. M., Kehoe S., Barakat R. R., et al.
Comparison of D&C and office
endometrial biopsy accuracy in patients
with FIGO grade 1 endometrial
adenocarcinoma. Gynecol Oncol
2009;113:105–08.

49. Falcone F., Leone Roberti Maggiore U., Di
Donato V., et al. Fertility-sparing
treatment for intramucous, moderately
differentiated, endometrioid endometrial
cancer: a Gynecologic Cancer Inter-Group
(GCIG) study. J Gynecol Oncol
2020;31:1–13.

50. Obermair A., Janda M., Baker J., et al.
Improved surgical safety after laparoscopic
compared to open surgery for apparent
early stage endometrial cancer: results
from a randomised controlled trial. Eur J
Cancer 2012;48:1147–53.

51. Gunderson C. C., Fader A. N., Carson
K. A., et al. Oncologic and reproductive
outcomes with progestin therapy in
women with endometrial hyperplasia
and grade 1 adenocarcinoma: a
systematic review. Gynecol Oncol
2012;125: 477–82.

52. Ushijima K., Yahata H., Yoshikawa H., et
al. Multicenter phase II study of fertility-
sparing treatment with
medroxyprogesterone acetate for
endometrial carcinoma and atypical
hyperplasia in young women. J Clin Oncol
2007;25:2798–803.

53. Simpson A. N., Feigenberg T., Clarke B.
A., et al. Fertility sparing treatment of
complex atypical hyperplasia and low
grade endometrial cancer using oral
progestin. Gynecol Oncol
2014;133:229–33.

54. Ramirez P. T., Frumovitz M., Bodurka D.
C., et al. Hormonal therapy for the
management of grade 1 endometrial
adenocarcinoma: a literature review.
Gynecol Oncol 2004;95:133–8.

55. Matsuo K., Machida H., Shoupe D., et al.
Ovarian conservation and overall survival
in young women with early-stage low-

Anna Claire Reynolds, Terri L. Woodard, Laurie J. McKenzie

20

available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009279864.001
Downloaded from https://www.cambridge.org/core. IP address: 18.216.225.60, on 02 Feb 2025 at 08:21:32, subject to the Cambridge Core terms of use,

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009279864.001
https://www.cambridge.org/core


grade endometrial cancer. Obstet Gynecol
2016;128:761–70.

56. Prepregnancy counseling: ACOG
Committee Opinion Number 762; Obstet
Gynecol 2019;133:e78–89.

57. Cervical cancer – cancer STAT facts, (n.d.).
https://seer.cancer.gov/statfacts/html/cer
vix.html. Accessed October 13, 2020.

58. Koh W. J., Abu-Rustum N. R., Bean S., et
al. Cervical cancer, version 3.2019, JNCCN
J. Natl. Compr. Cancer Netw 2019;17:
64–84.

59. Machida H., Iwata T., Okugawa K., et al.
Fertility-sparing trachelectomy for early-
stage cervical cancer: a proposal of an ideal
candidate. Gynecol Oncol 2020;156:341–8.

60. Sonoda Y., Abu-Rustum N. R., Gemignani
M. L., et al. A fertility-sparing alternative to
radical hysterectomy: how many patients
may be eligible? Gynecol Oncol
2004;95:534–8.

61. Zhang Q., Li W., Kanis M. J., et al.
Oncologic and obstetrical outcomes
with fertility-sparing treatment of
cervical cancer: a systematic review and
meta-analysis. Oncotarget
2017;8:46580–92.

62. Prodromidou A., Iavazzo C., Fotiou A., et
al. Short- and long-term outcomes after
abdominal radical trachelectomy versus
radical hysterectomy for early stage
cervical cancer: a systematic review of the
literature and meta-analysis. Arch Gynecol
Obstet 2019;300:25–31.

63. Bentivegna E., Maulard A., Pautier P., et al.
Fertility results and pregnancy outcomes
after conservative treatment of cervical
cancer: a systematic review of the literature.
Fertil Steril 2016;106:1195–211.

64. Plante M., Gregoire J., Renaud M.-C., et al.
The vaginal radical trachelectomy: an
update of a series of 125 cases and 106
pregnancies. Gynecol Oncol 2011;121:
290–97.

65. Shah J. S., Jooya N. D., Woodard T. L., et al.
Reproductive counseling and pregnancy
outcomes after radical trachelectomy for
early stage cervical cancer. J Gynecol Oncol
2019;30:1–10.

66. Ovarian cancer – cancer STAT facts, (n.d.).
https://seer.cancer.gov/statfacts/html/
ovary.html. Accessed October 18, 2020.

67. Hanatani M., Yoshikawa N., Yoshida K.,
et al. Impact of age on
clinicopathological features and survival
of epithelial ovarian neoplasms in
reproductive age. Int J Clin Oncol
2020;25:187–94.

68. Shah J. S., Mackelvie M., Gershenson D.
M., et al. Accuracy of intraoperative frozen
section diagnosis of borderline ovarian
tumors by hospital type. J Minim Invasive
Gynecol 2019;26:87–93.

69. Park J. Y., Lee S. H., Kim K. R., et al.
Accuracy of frozen section diagnosis
and factors associated with final
pathological diagnosis upgrade of
mucinous ovarian tumors. J Gynecol
Oncol 2019;30:1–10.

70. Johansen G., Dahm-Kähler P., Staf C., et al.
Fertility-sparing surgery for treatment of
non-epithelial ovarian cancer: oncological
and reproductive outcomes in a
prospective nationwide population-based
cohort study. Gynecol Oncol
2019;155:287–93.

71. Sinno A. K., Fader A. N., Roche K. L., et
al. A comparison of colorimetric versus
fluorometric sentinel lymph node
mapping during robotic surgery for
endometrial cancer. Gynecol Oncol
2014;134:281–6.

72. Fruscio R., Ceppi L., Corso S., et al. Long-
term results of fertility-sparing treatment
compared with standard radical surgery for
early-stage epithelial ovarian cancer. Br J
Cancer 2016;115:641–8.

73. Melamed A., Rizzo A. E., Nitecki R., et al.
All-cause mortality after fertility-sparing
surgery for stage I epithelial ovarian cancer.
Obstet Gynecol 2017;130:71–9.

74. Ben-Aharon I., Granot T., Meizner I., et al.
Long-term follow-up of chemotherapy-
induced ovarian failure in young breast
cancer patients: the role of vascular
toxicity. Oncologist. 2015;20:985–91.

75. Kye B. H., ChoH.M. Overview of radiation
therapy for treating rectal cancer. Ann
Coloproctol. 2014;30:165–74.

Fertility Assessment and Fertility Preservation Options

21

available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009279864.001
Downloaded from https://www.cambridge.org/core. IP address: 18.216.225.60, on 02 Feb 2025 at 08:21:32, subject to the Cambridge Core terms of use,

https://seer.cancer.gov/statfacts/html/cervix.html
https://seer.cancer.gov/statfacts/html/cervix.html
https://seer.cancer.gov/statfacts/html/ovary.html
https://seer.cancer.gov/statfacts/html/ovary.html
https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009279864.001
https://www.cambridge.org/core


76. Tulandi T., Al-Took S. Laparoscopic
ovarian suspension before irradiation.
Fertil Steril. 1998;70:381–3.

77. Wo J. Y., Viswanathan A. N. Impact of
radiotherapy on fertility, pregnancy, and
neonatal outcomes in female cancer
patients. Int J Radiat Oncol Biol Phys.
2009;73:1304–12.

78. Farber L. A., Ames J. W., Rush S., Gal D.
Laparoscopic ovarian transposition to
preserve ovarian function before pelvic
radiation and chemotherapy in a young
patient with rectal cancer. MedGenMed.
2005;7:66.

79. Terenziani M., Piva L., Meazza C., Gandola
L., Cefalo G., Merola M. Oophoropexy: a
relevant role in preservation of ovarian
function after pelvic irradiation. Fertil
Steril. 2009;91:935.e15–935.e16.

80. Bisharah M., Tulandi T. Laparoscopic
preservation of ovarian function: an
underused procedure. Am J Obstet Gynecol.
2003;188:367–70.

81. Iwase A., Nakamura T., Nakahara T., Goto
M., Kikkawa F. AntiMüllerian hormone
and assessment of ovarian reserve after
ovarian toxic treatment: a systematic
narrative review. Reprod Sci.
2015;22:519–26.

82. Köhler C., Marnitz S., Biel P., Cordes T.
Successful delivery in a 39-year-old patient
with anal cancer after fertility-preserving
surgery followed by primary
chemoradiation and low antiMullerian
hormone level. Oncology. 2016;91:295–8.

83. Mossa B., Schimberni M., Di Benedetto L.,
Mossa S. Ovarian transposition in young
women and fertility sparing. Eur Rev Med
Pharmacol Sci. 2015;19:3418–25.

84. Nezhat F., Falik R. Cancer and uterine
preservation: a first step toward preserving
fertility after pelvic radiation. Fertil Steril.
2017;108:240–41.

85. Harada M., Osuga Y. Fertility preservation
for female cancer patients. Int J Clin Oncol.
2019;24:28–33.

86. Chen H., Li J., Cui T., Hu L. Adjuvant
gonadotropin-releasing hormone
analogues for the prevention of
chemotherapy induced premature ovarian

failure in premenopausal women.
Cochrane Database Syst Rev. 2011;(11):
CD008018.

87. Bildik G., Akin N., Senbabaoglu F., et al.
GnRH agonist leuprolide acetate does not
confer any protection against ovarian
damage induced by chemotherapy and
radiation in vitro. Hum Reprod.
2015;30:2912–25.

88. Shen Y. W., Zhang X. M., Lv M., et al.
Utility of gonadotropin releasing hormone
agonists for prevention of chemotherapy
induced ovarian damage in premenopausal
women with breast cancer: a systematic
review and meta-analysis. Onco Targets
Ther. 2015;8:3349–59.

89. Coccia P. F., Pappo A. S., Beaupin L., et al.
Adolescent and young adult oncology,
version 2.2018, NCCN clinical practice
guidelines in oncology. J Natl Compr Canc
Netw 2018;16:66–97.

90. Primary ovarian insufficiency in
adolescents and young women. ACOG
Committee Opinion Number 605. Obstet
Gynecol 2014;124:193–7.

91. Cakmak H., Rosen M. P. Random-start
ovarian stimulation in patients with
cancer. Curr Opin Obstet Gynecol
2015;27:215–21.

92. Ho J. R., Woo I., Louie K., et al. A
comparison of live birth rates and perinatal
outcomes between cryopreserved oocytes
and cryopreserved embryos. J Assist Reprod
Genet 2017;34:1359–66.

93. Oktay K., Buyuk E., Libertella N., et al.
Fertility preservation in breast cancer
patients: a prospective controlled
comparison of ovarian stimulation with
tamoxifen and letrozole for embryo
cryopreservation. J Clin Oncol
2005;23:4347–53.

94. Practice Committee of American Society
for Reproductive Medicine. Fertility
preservation in patients undergoing
gonadotoxic therapy or gonadectomy: a
committee opinion. Fertil Steril.
2019;112:1022–33.

95. Smith K. L., Gracia C., Sokalska A., Moore
H. Advances in Fertility Preservation for
Young Women With Cancer. American

Anna Claire Reynolds, Terri L. Woodard, Laurie J. McKenzie

22

available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009279864.001
Downloaded from https://www.cambridge.org/core. IP address: 18.216.225.60, on 02 Feb 2025 at 08:21:32, subject to the Cambridge Core terms of use,

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009279864.001
https://www.cambridge.org/core


Society of Clinical Oncology Educational
Book 38. 2018. 27–37.

96. Fritz MA, Speroff L. Clinical Gynecologic
Endocrinology and Infertility. 8th ed.
Wolters Kluwer Health; 2011.

97. Kihara K., Yamamoto S., Ohshiro T.,
Fujita S. Laparoscopic ovarian
transposition prior to pelvic irradiation in
a young female patient with advanced
rectal cancer. Surg Case Rep. 2015;1:113.

98. Donnez J., Dolmans M. M. Fertility
preservation in women. N Engl J Med.
2017;377(17):1657–65.

99. Wallace W. H., Smith A. G., Kelsey T. W.,
Edgar A. E., Anderson R. A. Fertility
preservation for girls and young women
with cancer: population-based validation
of criteria for ovarian tissue
cryopreservation. Lancet Oncol.
2014;15:1129–36.

100. Gellert S. E., Pors S. E., Kristensen S. G., 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. 2018;35:561–70.

101. Dolmans M. M., von Wolff M., Poirot C.,
et al. Transplantation of cryopreserved
ovarian tissue in a series of 285 women: a
review of five leading European centers.
Fertil Steril. 2021;115(5):1102–15. doi:
10.1016/j.fertnstert.2021.03.008. PMID:
33933173.

102. Fisch B., Abir R. Female fertility
preservation: past, present and future.
Reproduction. 2018;156:F11–F27.

103. Resetkova N., Hayashi M., Kolp L. A.,
Christianson M. S. Fertility
preservation for prepubertal girls:
update and current challenges. Curr
Obstet Gynecol Rep. 2013;2(4):218–25.
doi: 10.1007/s13669-013-0060-9. PMID:
25110617; PMCID: PMC4125124.

104. Dolmans M. M., Luyckx V., Donnez J.,
Andersen C. Y., Greve T. Risk of
transferring malignant cells with

transplanted frozen-thawed ovarian
tissue. Fertil Steril. 2013;99:1514–22.

105. Rosendahl M., Andersen M. T., Ralfkiær
E., et al., Evidence of residual disease in
cryopreserved ovarian cortex from female
patients with leukemia. Fertility and
Sterility 2010;94(6):2186–90.

106. Rosendahl M., Wielenga V. T.,
Nedergaard L., et al. Cryopreservation of
ovarian tissue for fertility preservation: no
evidence of malignant cell contamination
in ovarian tissue from patients with breast
cancer. Fertility and Sterility 2011;95(6):
2158–61.

107. Rosendahl M., Greve T., Andersen C. Y.
The safety of transplanting cryopreserved
ovarian tissue in cancer patients: a review
of the literature. J Assist Reprod Genet.
2013;30(1):11–24. doi: 10.1007/s10815-
012-9912-x. Epub 2012 Dec 22. PMID:
23263841; PMCID: PMC3553351.

108. Cakmak H., Rose M. P. Ovarian
stimulation in cancer patients. Fertility
and Sterility 2013;99(6):1476–84.

109. Kitano A, Shimizu C, Yamauchi H, et
al. Factors associated with treatment
delay in women with primary breast
cancer who were referred to
reproductive specialists. ESMO
Open. 2019;4(2):e000459. doi: 10.1136/
esmoopen-2018-000459. PMID:
30962960; PMCID: PMC6435250.

110. Practice Committee of the American
Society for Reproductive Medicine.
Fertility preservation in patients
undergoing gonadotoxic therapy or
gonadectomy: a Committee opinion.
Fertil Steril 2019;112:1022–33.

111. Srikanthan A., Amir E., Bedard P., et al.
Fertility preservation in post-pubescent
female cancer patients: a practical guideline
for clinicians.Mol ClinOncol. 2018;8:153–8.

112. Partridge A., Niman S., Ruggeri M., et al.
Interrupting endocrine therapy to
attempt pregnancy after breast cancer. N
Engl J Med 2023;388:1645–56.

Fertility Assessment and Fertility Preservation Options

23

available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/9781009279864.001
Downloaded from https://www.cambridge.org/core. IP address: 18.216.225.60, on 02 Feb 2025 at 08:21:32, subject to the Cambridge Core terms of use,

https://www.cambridge.org/core/terms
https://doi.org/10.1017/9781009279864.001
https://www.cambridge.org/core

