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           Introduction 

 Due to improved genetic screening and cancer risk assessment among families, 
many women are now aware that they have an increased risk of developing breast or 
ovarian cancer at a young age. This cohort of young women, termed “previvors,” 
faces unique concerns related to childbearing and cancer risk reduction. They must 
make decisions regarding prophylactic therapy and how, or whether, to balance pre-
ventive treatment with childbearing and breastfeeding. Often, interventions that 
effectively reduce cancer risk must be undertaken during the reproductive years, and 
may pose a permanent or temporary threat to fertility. The emergence of oncofertil-
ity has empowered these patients—who may have a high-risk family history of 
breast or ovarian cancer or carry deleterious genetic mutations—to take a proactive 
approach to both cancer prevention and fertility preservation. Fertility preservation 
may benefi t high-risk patients who (1) are at increased risk of developing premeno-
pausal breast or ovarian cancer and (2) may require a risk-reducing intervention 
prior to menopause that poses a threat to future fertility. In this chapter, we present 
the topics discussed during a high-risk consultation followed by case examples that 
illustrate effective communication about fertility preservation to patients at high 
risk for developing breast or ovarian cancer.  
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    Who Are High-Risk Patients? 

 Women with a genetic predisposition to breast or ovarian cancer develop malignancies 
at a higher rate and younger age than the general population, indicating that preventive 
therapy could be undertaken before menopause. Because prophylactic interventions 
may temporarily or permanently compromise young patients’ ability to have children, 
women at high risk for breast or ovarian cancer are in a unique position to benefi t 
from fertility preservation options. 

 Approximately 10 % of breast cancer and 15 % of ovarian cancer patients have a 
heritable form of the disease, most commonly attributed to a mutation in the BRCA1 
or BRCA2 gene. Women with germline BRCA1 or BRCA2 mutations tend to 
develop breast and ovarian cancer at a higher rate and earlier age than the baseline 
population. Female carriers of BRCA1 and BRCA2 mutations have a 45–65 % 
lifetime risk of developing breast cancer and an 11–39 % lifetime risk of developing 
ovarian cancer (Table  5.1 ) [ 1 – 3 ]. Although BRCA1 and BRCA2 mutations are most 
commonly implicated in hereditary breast cancer, other autosomal dominant cancer 
syndromes are also associated with an increased risk of breast cancer, including 
Li–Fraumeni syndrome (linked to TP53 mutations) and Cowden syndrome (related 
to PTEN mutations). In addition, ovarian cancer is associated with Lynch syndrome, 
cell nevus syndrome, and multiple endocrine neoplasia type 1 (MEN1) [ 4 ].

   Women without a known genetic mutation but who have a strong family history of 
breast or ovarian cancer are also at increased risk for cancer. A review of 38 studies 
showed that the pooled estimate of relative risk of breast cancer in women with an 
affected fi rst-degree relative was 2.1, and risk increased with each additional fi rst-
degree relative diagnosed with cancer [ 5 ]. Similarly, in a meta-analysis of 15 studies, 
the relative risk of ovarian cancer among women with at least one fi rst- degree rela-
tive with disease was 3.1 [ 6 ]. 

 Patients with a history of atypical ductal or lobular hyperplasia (ADH, ALH) or 
lobular carcinoma in situ (LCIS) represent another group at increased risk for breast 
cancer. Proliferative lesions with atypia (those with excessive growth of abnormal 
cells in the ducts or lobules of the breast tissue) confer a breast cancer risk four to 
fi ve times that of an average-risk woman [ 7 – 9 ].  

   Table 5.1    Breast and ovarian cancer risk in BRCA mutation carriers   

 Breast CA risk 
by age 70 (%) 

 Ovarian CA risk 
by age 70 (%)  References 

 General population  12  1.4  [ 1 ] 
 BRCA1  55–65  39  [ 2 ,  3 ] 
 BRCA2  45–47  11–17  [ 2 ,  3 ] 

   CA  cancer  
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    Prophylactic Interventions for High-Risk Patients 

 Prophylactic interventions are available to reduce the risk of developing breast and 
ovarian cancer; however, these approaches, which are often undertaken prior to 
menopause, have the potential to compromise a young patient’s fertility. Guidelines 
for BRCA1/2 mutation carriers suggest that women consider prophylactic bilateral 
salpingo-oophorectomy (BSO) and prophylactic mastectomy after age 35 or as soon 
as they are fi nished having children; however, women with a strong family history 
of very early-onset cancer may also wish to pursue surgical interventions at a 
younger age. In the absence of prophylactic mastectomy, annual mammography and 
MRI screening are recommended; usually they are staggered every 6 months. 
Additionally, antiestrogen treatment with tamoxifen is recommended for breast cancer 
chemoprevention. 

 The therapeutic benefi ts of tamoxifen for high-risk patients are considerable; 
treatment can reduce the risk of developing invasive cancer by nearly 50 % [ 10 ]. 
However, tamoxifen is a teratogen, and pregnancy should be avoided during the rec-
ommended duration of therapy, which could extend up to 10 years [ 11 ]. At the dose 
used to treat breast cancer patients, tamoxifen generally does not cause cessation of 
ovulation. However, tamoxifen use may be associated with irregular or missed menses 
in some women, particularly when it is prescribed following cytotoxic chemother-
apy. A signifi cantly increased risk of amenorrhea at 1 year posttreatment was found 
among patients older than age 40 who were taking tamoxifen [ 12 ]. Additionally, 
there is a reported 15 % decrease in the odds of continuing menstrual cycles after the 
fi rst 1–2 years of tamoxifen therapy, though some studies have also found this effect 
to be reversible and temporary [ 13 – 16 ]. As fertility begins to decline substantially 
after the age of 35, the considerable length of recommended tamoxifen therapy 
may be a critical deterrent for young, high-risk women. 

 Preventive interventions for women at high risk for ovarian cancer are particularly 
critical, as there are currently no effective screening algorithms for detecting early-
stage ovarian cancer. Although clinical outcomes are good for early-stage ovarian 
cancer, 80 % of ovarian cancers are identifi ed only after metastasis to the pelvic 
organs, abdomen, or beyond, at which point cure rates are low [ 17 ]. Prophylactic 
BSO dramatically reduces the risk of both breast and ovarian cancer in BRCA muta-
tion carriers (by 50 % and 96 %, respectively) [ 18 ], but permanently eliminates the 
possibility of having biologic children if the patient’s oocytes or embryos have not 
been preserved prior to oophorectomy. Oral contraceptives and tubal ligation have 
also been shown to reduce ovarian cancer risk [ 19 ], but these are not as effective as 
BSO. Unlike oophorectomy, however, they do allow for the possibility of a future 
pregnancy, as patients who have had tubal ligation may become pregnant through 
assisted reproductive technologies. 

 The decision to pursue prophylactic surgery is complex; often it is infl uenced by 
concerns about fertility, as well as worries about appearance, menopausal side 
effects, and sexuality. Despite these concerns, a survey of BRCA mutation carriers 
who have undergone prophylactic BSO found that approximately 97 % of patients 
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would pursue the surgery again and would recommend the surgery to other BRCA 
mutation carriers. Survey respondents also stated, however, that they would have 
benefi tted from additional information about the impact of BSO on sexuality and 
cardiovascular health prior to undergoing the surgery [ 20 ]. Fertility is one of many 
concerns that physicians must address with high-risk patients considering BSO as 
an approach to cancer risk reduction.  

    Pregnancy and Cancer Risk 

 One topic that is highly relevant to the dialogue about fertility and cancer risk is the 
possible impact a pregnancy would have on cancer risk. Most large studies of 
BRCA1 and BRCA2 mutation carriers have shown that parity and number of live 
births positively correlate with a reduced breast cancer risk [ 21 ]. Additionally, 
fertility treatment has not been associated with an increased risk of breast cancer in 
BRCA mutation carriers. A case–control study of 1,380 pairs of BRCA1 and 
BRCA2 mutation carriers did not fi nd an increased risk of breast cancer in women 
who had undergone fertility treatment compared to controls [ 22 ].  

    Communicating with High-Risk Patients 

 During the initial consultation with a high-risk patient of childbearing age, the 
objectives to be met include cancer risk assessment and discussion of strategies for 
cancer risk management. The approach to cancer risk reduction should take into 
account the patient’s level of comprehension and concern about the risk of developing 
cancer, as well as the patient’s childbearing goals. Typically, patients are referred 
for cancer risk assessment because of a strong family history of cancer or the iden-
tifi cation of a deleterious genetic mutation. The patient’s family cancer history is 
often discussed at the beginning of the encounter. A detailed family history includes 
affected relatives, types of cancer, cases of bilateral cancer, age at diagnosis, treat-
ment procedures, and treatment outcomes. Any familial history of genetic testing is 
reviewed, and patients with a strong family history of cancer who have not yet had 
genetic testing are referred to a genetic counselor. The patient’s personal medical 
history is also reviewed in detail. This includes prior illnesses and hospitalizations, 
medications, a review of prior breast imaging or biopsies, and an evaluation of 
hormone use including oral contraceptives and fertility treatments [ 23 ]. 

 Focusing the discussion on how the patient’s past medical history, family history, 
and mutation status affect the patient’s personal risk of developing cancer helps to 
facilitate both patient and physician understanding of the patient’s risk of developing 
cancer. This discussion also helps ensure that the patient is suffi ciently informed and 
can actively participate in decision-making about preventive therapy. Risk assessment 
tools such as the Gail model, a breast cancer risk assessment tool, are often used to 
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help patients understand their risk relative to that of the general population. The Gail 
model estimates a woman’s 5-year and lifetime risk of developing breast cancer 
(Fig.  5.1 ). The model accounts for patient age, age of menarche, age at fi rst birth or 
nulliparity, family history of breast cancer in a primary relative (mother, sister, 
daughter), race/ethnicity, number of prior breast biopsies, and number of prior 
biopsies yielding atypical hyperplasia [ 24 ].

   During the review of the patient’s medical history, the patient’s childbearing and 
lactation history are discussed, and it is at this time that the topic of fertility preserva-
tion may be introduced [ 23 ]. Having witnessed their relatives experience the impact 
of cancer treatment at a young age, many patients with a strong family history of 
cancer will prioritize their fertility concerns. To aid in the discussion of fertility pres-
ervation, often a basic question—such as, “Were you thinking about having a child?” 
or “Were you planning to have any more children?”—can help initiate the conversa-
tion [ 23 ]. Patients at high risk for breast or ovarian cancer face unique concerns 
related to fertility and cancer risk management, and it is critical that providers attempt 
to elicit and understand these concerns. 

 At this point, the consultation typically focuses on strategies for cancer preven-
tion that take into account the patient’s individual risk, her childbearing goals, and 
the patient’s level of concern about her risk of developing cancer. When the strate-
gies under consideration for cancer prevention pose a fertility threat, a discussion 
of available options for fertility preservation can be included in the high-risk 
consultation (Fig.  5.2 ). One of the advantages of discussing fertility preservation 
with high- risk patients (as opposed to patients who have already been diagnosed 

  Fig. 5.1        Estimating 5-year and lifetime breast cancer risk using the Gail model . The Gail 
model is a risk assessment tool that estimates a patient’s 5-year and lifetime risks of developing 
breast cancer. The model takes into account patient age, age of menarche, age at fi rst birth or nulli-
parity, family history of breast cancer in a primary relative (mother, sister, daughter), race/ethnicity, 
number of prior breast biopsies, and number of prior biopsies yielding atypical hyperplasia [ 24 ]       
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  Fig. 5.2     Treatment guidelines for fertility preservation in young women at high risk for breast 
or ovarian cancer . A discussion about fertility as it pertains to preventive cancer treatment is an 
integral part of care for young patients at increased risk of breast and ovarian cancer. Referral to a 
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with cancer) is that there is ample time for the patient to consider her options 
without the time pressure imposed by the need for immediate cancer treatment. 
Ideally, the patient is referred for independent fertility preservation counseling with 
a fertility preservation specialist following the high-risk oncologic consultation. 
A second consultation with a fertility specialist ensures that the high-risk patient 
receives information about fertility preservation in a balanced and unbiased manner.

   The following case examples explore the challenges that young patients face 
regarding the prioritization of preventive cancer therapy and reproductive goals. 
Case 1 describes a high-risk breast cancer patient who declined fertility preservation 
and suggests an alternative strategy for supporting fertility goals while managing 
cancer risk. Case 2 illustrates an approach to integrating fertility preservation into 
the preventive treatment plan for a BRCA1 mutation carrier.  

    Case #1: A High-Risk Breast Cancer Patient Who Declined 
Fertility Preservation 

 A 37-year-old woman presented for cancer risk assessment and preventive treatment. 
She had a personal history of atypical ductal hyperplasia and a family history of 
breast cancer, diagnosed in her mother at age 41. The patient’s ADH had been diag-
nosed 2 years earlier by needle core biopsy and managed surgically by excision of 
the lesion. She had been receiving annual screening mammograms since the time of 
her ADH diagnosis but no other preventive therapy, and she expressed concern 
about her risk of developing breast cancer. The patient’s 5-year Gail model risk score 
was calculated to be 2.5 %, compared to 0.4 % for an average-risk person. Patients 
with a 5-year predicted risk of breast cancer greater than 1.66 % are considered to be 
at high risk for breast cancer and are candidates for prophylactic tamoxifen therapy 
[ 10 ]. A 5-year course of tamoxifen was recommended for chemoprevention, along 
with annual screening mammography and a breast exam every 6 months. The patient 

fertility specialist ensures that the patient receives accurate, unbiased information about fertility pres-
ervation. The fertility specialist can obtain information about the patient’s premenopausal status by 
inquiring about menstrual history and measuring follicle stimulating hormone (FSH) on an early day 
in the menstrual cycle. Strategies for fertility preservation are determined based on the patient’s ovar-
ian function, preference, and decisions about preventive treatment. Patients receiving tamoxifen for 
breast cancer chemoprevention may attempt pregnancy naturally or via assisted reproductive tech-
nologies (ART) prior to initiating 5–10 years of therapy, during an interruption in a 5- to 10-year 
course of therapy, or after the completion of 5–10 years of treatment. BRCA mutation carriers may 
attempt pregnancy naturally or via ART prior to oophorectomy. It is possible for patients who retain 
an intact uterus to become pregnant after oophorectomy using ART. Preimplantation genetic diag-
nosis may be offered to BRCA mutation carriers who wish to reduce the risk of transmitting the 
mutation to offspring. AMH denotes antimullerian hormone, ART denotes assisted reproductive 
technologies, PGD denotes preimplantation genetic diagnosis, and IVF denotes in vitro fertilization. 
This fi gure was adapted from Fig. 2, Jeruss JS, Woodruff TK. Preservation of fertility in patients 
with cancer. The New England journal of medicine. 2009;360(9):902–11. Epub 2009/02/28       
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expressed concern about the possibility of experiencing menopausal side effects from 
tamoxifen but was reassured that menopausal symptoms are usually well tolerated. 
The patient agreed to initiate tamoxifen. 

 Because pregnancy is contraindicated during tamoxifen therapy and the patient 
would be at least 42 years of age at the conclusion of therapy, the issue of fertility 
preservation was discussed with the patient at the end of her initial consultation. The 
patient, who had a 5-year-old child, declined an oncofertility consultation and stated 
that she was not planning on having additional children. Nine months after initiating 
therapy, the patient returned to the clinic for a breast exam and expressed a desire to 
stop tamoxifen as she was now planning to have another child. She was again offered 
a fertility preservation consultation, but declined and stated that she wished to stop 
treatment to pursue a natural pregnancy and then resume tamoxifen therapy postpar-
tum. The patient’s individual high-risk status and the effect of stopping tamoxifen 
prematurely on this risk were reviewed. The patient was then advised to wait 8 weeks 
after stopping tamoxifen before attempting pregnancy; based on the half-life of 
tamoxifen, a 2-month “washout” period is recommended prior to becoming pregnant 
[ 25 ]. Eight months after stopping tamoxifen, the patient became pregnant. She 
resumed tamoxifen 6 months postpartum after she was fi nished breastfeeding and 
completed 4 additional years of therapy. 

 This case highlights the challenges that young high-risk patients face regarding 
how to balance preventive cancer treatment, childbearing, and breastfeeding. When 
a patient’s childbearing plans change during her course of treatment, appropriate 
counseling should be provided and, within the context of the patient’s treatment 
plan, effort should be made to support the patient’s reproductive goals. Although 
treatment with at least a 5-year course of tamoxifen is recommended for chemopre-
vention, indirect evidence from the Early Breast Cancer Trialists’ Collaborative 
Group (EBCTCG) suggests that antiestrogen therapy with tamoxifen can be delayed 
to allow for pregnancy [ 16 ,  26 ,  27 ]. Another study of patients who delayed initiation 
of tamoxifen therapy for 2 years and then completed a 5-year course showed a sig-
nifi cantly improved disease-free survival rate (35 % reduction in recurrence risk) 
compared with the control group who did not take tamoxifen [ 28 ,  29 ]. Results from 
the Wisconsin Tamoxifen Study, where tamoxifen treatment was delayed 7–8 years, 
also showed a benefi t for patients in the treatment versus control group [ 28 ,  30 ]. 
Together, these data support the potential for a tailored delay in tamoxifen therapy to 
allow for pregnancy, with the expectation that the patient is counseled to ultimately 
complete 5–10 years of therapy.  

    Case #2: A High-Risk Patient with a BRCA1 Mutation 
Who Desired Fertility Preservation 

 A 35-year-old woman with a family history of breast and ovarian cancer presented 
for cancer risk assessment and preventive treatment. Her sister was diagnosed with 
ovarian cancer at the age of 39, her mother was diagnosed with breast cancer at the 
age of 42, and her maternal grandmother died from ovarian cancer at the age of 51. 
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The patient was referred for genetic counseling and found to have a deleterious muta-
tion in the BRCA1 gene. Preventive approaches discussed with her included breast 
cancer screening every 6 months with staggered MRI and mammograms, ovarian 
cancer screening with serum CA-125 and twice annual transvaginal ultrasound, BSO, 
and prophylactic mastectomy. The patient was interested in prophylactic mastectomy 
and considering risk-reducing BSO, but was concerned about the associated loss of 
fertility. She strongly desired a child, but did not currently have a partner and was 
unsure about the time in her life when she would be ready to conceive. 

 After consultation with a gynecological oncologist regarding BSO, the patient 
met with an oncofertility patient navigator and a reproductive endocrinologist. The 
reproductive endocrinologist discussed the patient’s options for fertility preservation, 
including embryo cryopreservation with donor sperm and oocyte cryopreservation. 
Although oocyte cryopreservation has previously been offered on an experimental 
basis, recent guidelines from the American Society for Reproductive Medicine 
(ASRM) indicate that the procedure should no longer be considered experimental. 
Based on an examination of nearly 1,000 studies, the ASRM reports that pregnancy 
rates for in vitro fertilization and intracytoplasmic sperm injection (IVF/ICSI) are 
similar with cryopreserved versus fresh oocytes. Additionally, available data show 
no increase in chromosomal abnormalities or birth defects among children born from 
cryopreserved oocytes compared with those born from IVF/ICSI with fresh oocytes 
or the general population [ 31 ]. Ovarian tissue cryopreservation for BRCA1 mutation 
carriers would be considered experimental, however, with the majority of the resected 
ovarian tissue sent for pathologic analysis. A fraction of the ovarian tissue could be 
preserved for potential oocyte extraction with the hope of implementing currently 
developing technologies for in vitro oocyte growth and maturation, but none of the 
tissue would be intended for future reimplantation given the persistent risk of malig-
nant transformation. 

 The patient also expressed concern about passing the BRCA mutation down to 
her future children and was advised that preimplantation genetic diagnosis (PGD) 
could be performed on her embryos to minimize the risk. She opted for oocyte cryo-
preservation and completed successful ovarian stimulation and oocyte harvest. 
Shortly after completing fertility preservation, the patient underwent risk-reducing 
BSO and prophylactic mastectomy. Six months after surgery, the patient stated that 
she was very satisfi ed with her decision to pursue risk-reducing BSO and felt more 
at ease about her risk of developing breast and ovarian cancer. The patient expressed 
that preserving her fertility had allowed her to pursue surgery without signifi cant 
regret and served as a great source of comfort to her as she experienced the effects 
of surgical menopause. Three years later, the patient is married and she and her 
husband are considering having a child using the patient’s banked oocytes. 

 Fertility concerns are a major factor for high-risk patients when making decisions 
about cancer risk management. The options for fertility preservation have the poten-
tial to infl uence patients’ selection of risk-reducing strategies and when to pursue 
risk reduction. Thus, it is critical for patients to be educated about their options for 
fertility preservation early on in the process of cancer risk management. Oocyte and 
embryo cryopreservation are options for high-risk women who do not have a partner 
or who plan to undergo risk-reducing BSO prior to completing their families. For 
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BRCA mutation carriers concerned about passing the mutation on to their children, 
PGD offers a means to minimize this risk. Several studies have shown that high-risk 
patients often do not receive adequate information from their physicians about fer-
tility preservation and PGD, and many are not aware of PGD as an option [ 32 – 34 ]. 
This information gap for high-risk women highlights the need for more effective 
education about fertility preservation and PGD and the importance of the referral to 
an oncofertility specialist for this patient population.  

    Conclusions 

 Patients at high risk for breast and ovarian cancer face complex decisions about 
how to prioritize preventive treatment, childbearing, and breastfeeding. Fertility 
preservation offers the possibility for high-risk patients—many of whom wish to 
initiate prophylactic therapy at a young age—to maintain the ability to have biologic 
children. It is critical that physicians who care for high-risk patients take time to 
approach the issues unique to this patient population with sensitivity and empathy. 
Interventions for cancer risk reduction should take into account patients’ reproduc-
tive goals. Educating patients about fertility preservation early on in the discussion 
about prevention strategies allows patients the opportunity to receive appropriate 
counseling, consider the available options, and then incorporate fertility preserva-
tion into their risk reduction plans if desired. 

 It is an ongoing challenge for physicians to ensure that the high-risk patient has 
an accurate understanding of her cancer risk compared with the general population, 
and is suffi ciently informed to actively participate in decision-making about preventive 
treatment and fertility preservation. Additionally, the physician should ensure that 
plans for fertility preservation complement the approach to cancer risk reduction and 
do not cause signifi cant delays in the initiation of risk-reducing therapy. Given that 
high-risk patients are healthy and working to take a preemptive role in the preserva-
tion of good health, it follows that these patients would also be motivated to protect 
their fertility if given the option. Fertility preservation services are currently available 
to all high-risk patients under the age of 45 and to those who convey interest.     
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