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The incidence of breast cancer in young and premenopausal women is increasing in
Europe and in the USA. At the same time, a trend towards delaying pregnancy to
later in life has been observed and many women will receive a diagnosis of breast
cancer before completing their families.

Although a diagnosis of cancer is distressing at any age, in young women it is
fraught with several unique challenges including its impact on reproduction.

Women with a history of breast neoplasm should be given the possibility to
conceive and get mother, particularly if they have not completed their planned
family.

Thanks to advances in early diagnosis and treatment, the cure rate at present is
very high and many young women will ask to their gynaecologists and oncologists
a great many questions about the feasibility and safety of attempting a pregnancy
after breast cancer. Will pregnancy eventually impair my prognosis? When can I
start trying and get pregnant? Is it mandatory to carry on the endocrine treatment up
to the scheduled end? What is the impact of chemotherapy? Are there any risks for
the newborn? Do I have a higher risk of abortion because of my disease? Will I be
able to breastfeed? And many more.

Nicoletta Biglia and Fedro Peccatori with this book provide us invaluable
“state-of-the-art” answers to the above questions, but this is only the tip of the
iceberg.

They raise and discuss many more points.

Fertility preservation is among the most prominent ones, because it requires a
prompt decision and shifts the time for dealing with the problem from the end of the
treatment to a short time window before starting chemotherapy.

The advent of assisted reproduction techniques within the oncology field has
made fertility preservation a viable option, but several studies have shown that fer-
tility counselling remains inadequate and lacks of a standardised approach.

In clinical practice, gynaecologists and oncologists are frequently faced with
women who need to be thoroughly informed about the available fertility preserva-
tion techniques but, possibly because of a kind of discomfort and lack of knowl-
edge, eventually leave fertility concerns poorly addressed.
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This book will provide them with the most updated scientific knowledge on this
subject and hopefully will motivate them to be proactive in addressing the fertility
preservation issue.

Finally, the authors bring to our attention and discuss in depth a new and fasci-
nating challenge, for those of us dealing everyday with young women with breast
cancer: the debated issue of fertility preservation and preimplantation genetic diag-
nosis in BRCA mutation carriers.

I am proud of having stimulated the authors to edit this book!

Turin, Italy Piero Sismondi
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Fabio Parazzini, Antonella Villa, Giampiero Polverino,
Stefania Noli, and Giovanna Scarfone

Breast cancer is the most frequent cancer among women and it is the second leading
cause of cancer death around the world. It is the most commonly diagnosed cancer
in women between the ages of 25 and 39 (CANCERMondial http://ci5.iarc.fr/
CI5plus/ciSplus.htm).

Breast cancer cases observed in young women have some clinical epidemiologi-
cal and genetic characteristics that differ from those observed among older ones.

Breast cancer in young women has an aggressive course of clinical presentation
[1], a higher rate of germline mutation in BRCA 1&2 [2], distinct estrogen and
progesterone receptor expression, and over-expression of human epidermal growth
factor receptor 2 (HER?2) [3, 4]. Further, they are different also in the epidemiologi-
cal profile.

In this chapter, we reviewed the epidemiology of breast cancer among women
aged 40 years or less.

1.1 Frequency

In the USA, the SEER report estimates the risk of developing breast cancer in
10-year age intervals. According to the current report, the risk that a woman will be
diagnosed with breast cancer during the next 10 years, starting at the age of 30 is
1 in about 230 (www.cancer.gov/cancertopics).

The incidence rate of breast cancer among women aged 20-24 years in the USA
is 1.5 cases per 100,000 women and about 50 per 100,000 women among women
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aged 35 years (Breast Cancer Facts & Figures 2011-2012). In Italy, the rate is about
35/100,000 women aged 35 years [5].

Considering the US population, about 7 % of all cases are diagnosed before age
40, 2.4 % are diagnosed before age 35, and 1 % diagnosed before age 30 [6].

Of all cancers diagnosed among women, more than 40 % is breast cancer by the
age of 40, 20 % by the age of 30, and slightly more than 2 % by 20 years of age.

1.1.1 Geographical Differences

The incidence of breast cancer in young women is lower in developed countries [7]
in comparison with developing ones.

However, the incidence of breast cancer among young women in the low-risk
population of the South Asian countries is higher [8].

1.1.2 Temporal Trends

Data on the temporal trends of breast cancer incidence in young women are scant
and limited [9].

Some recent studies have suggested that the incidence of breast cancer in young
[4, 10, 11] and premenopausal women [12, 13] increased in Europe and the USA.

A study from different countries of Europe showed an overall increase of 1.19 %
per year from 1990 to 2008 [11]. The incidence increased more consistently among
women under 35 compared to the 36—40 years cohort.

A study from France reported an increase during the period of 1983-2002 [10].

Similar findings also emerged from analysis conducted in Asian countries.
An analysis including data from tumor registries in China, Japan, Singapore,
and the Philippines considering the calendar period 1970-2002 showed that the
trend in incidence for the age group 16-29 increased from 0.45 to 1.07 corre-
sponding to an AAPC of 2.8 % (95%CI 1.9, 3.7). In age group 30-40, the inci-
dence ranged from 13.3 in year 1970 to 24.8 in year 2002 corresponding to an
AAPC of 2.7 % (95 % CI 2.3, 3.1). There were two statistically significant
changing points in the regression line for the age groups 30-40 and 16—40: one
point in the year 1975 with an APC of 6.1 (5.1, 7.1) and the other in 1985 with
an APC of 0.4 % (0.01) [13].

Considering developing countries, a study conducted in Brazil reported an annual
increase of 5.22 % in the incidence of breast cancer among age group 30—40 years
during the period 1988-2003 [14].

Different trends have been observed in the same country in different ethnic
groups.

For example in the USA, white women who were 40 years or older had a higher rate
of breast cancer than black women in the same age group, but among younger women
black women had higher rates. Otherwise, the annual percentage change in invasive
breast cancer incidence increased only among white women younger than 40 years.
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Other racial and ethnic groups had lower incidence rates than non-Hispanic
white women for all three age groups and did not exhibit the crossover pattern
observed among black women, although IRRs were slightly higher among younger
than older Hispanic, API, and AI/AN women.

Any change in trend of any disease, especially breast cancer, can be attributed to
either a true increase due to an underlying change of some risk factors, the result of
an improvement in the quality of data collection or screening practice.

Along this line, part of these different trends could be explained by different
frequency among countries and ethnic group of screening procedures. A younger
age at onset among the Asian population has been reported and it has been attributed
to a cohort effect that has been decreasing in recent decades [15].

1.1.3 Breast Cancer in Pregnancy

Among young women, a specific topic is the incidence of the disease during preg-
nancy or in women who have recently delivered.

Breast cancer is generally reported to be the most common pregnancy-related
cancer in all the populations. It accounts for about one-third of all pregnancy-related
cancers. Its incidence mirrors the incidence of breast cancer among nonpregnant
women of the same age class. In developed countries, the risk of breast cancer diagno-
sis in pregnancy or during the first year after delivery is about 1:3,000 pregnancies.

1.2  Clinical and Histopathological Characteristics of Breast
Cancer Among Young Women

It is generally suggested that breast cancer tends to be more aggressive in young
women. This finding could be due to different factors such as delayed diagnosis and
consequent advanced disease stage and/or unfavorable tumor characteristics [16].

1.2.1 Stage

It is commonly reported that young breast cancer patients are diagnosed with more
advanced stages.

In fact, breast cancer cases in young women have larger tumors, more frequent
nodal involvement, and are more likely to be diagnosed with stage II or III cancer
than older patients [17].

This may be at least in part due to the fact that younger women are not screened for
breast cancer. In fact, mammography is not recommended in women less than 40 years.

Further, young women are often less likely to seek early medical advice, leading
to later detection often at more advanced stages [18].

Pregnancy is another reason to delay diagnosis, since pregnant women may tend
underreport breast nodules.
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1.2.2 Histotypes

The tumors diagnosed in young women have different characteristics than those in
older ones. Young women have a lower rate of ductal carcinoma in situ. This may
be due to a detection bias, since, as previously underlined, women under 40 years of
age do not have screening mammograms.

1.2.3 Grading

Further, tumors in young women are more likely to be high grade and to have high
proliferation index.

Among young women, lymphovascular invasion is more common than among
older ones [19].

1.2.4 Hormone Receptor/HER2 Expression

Many studies have shown that young women with breast cancer have more commonly
hormone receptor (HR) negative tumors. Otherwise, HER?2 is overexpressed [3].

Further, young women are likely to be diagnosed with HR+/HER?2- subtype of
breast cancer, followed by triple negative, HR+/HER2+, and HR-/HER2+ subtypes.
Multiple studies demonstrated the overrepresentation of triple-negative breast can-
cers in young patients particularly in African Americans [1].

In a retrospective study of 700 breast tumors conducted by Anders et al. women
younger than 45 years were less likely to have estrogen receptor-positive disease,
and more likely to have grade 3 tumors, nodal metastasis, and larger primary breast
tumors [20].

1.3 Genetics

The role of hereditary is of great relevance among young women [21].

In women <35 years of age with breast cancer, the frequency of a BRCA1 or
BRCAZ2 gene mutation is about 10 %, which is more than ten times the frequency in
the general population [2].

BRCA1 and BRCA?2 gene mutations are observed in about 65-75 % of all inher-
ited breast cancer cases. The presence of these mutations markedly increases (about
tenfold) the relative risk of breast cancer. BRCAT1-associated breast cancer is more
likely to involve higher-grade tumors, basal-like subtypes, and triple-negative breast
cancer [2].

Patients between the ages of 30 and 34 with ER-negative, high-grade tumors
have a 26-28 % chance of having a deleterious BRCA1 mutation [22].

p53 mutation (including the Li—-Fraumeni syndrome), PTEN mutation (Cowden’s
disease), and Lynch syndromes have been also strictly associated with the risk of
breast cancer in young women [23, 24].
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Anders et al. [20] identified 367 gene sets that could differentiate tumors in young
women from tumors in older women (young, <45 years; and older, >65 years).

1.4 Risk Factors

Most of the risk factors for breast cancer in young women are similar to those for
tumors observed in older patients [25].

However, specific studies addressing risk factors for breast cancer in young
women have suggested that the effect of oral contraceptive use and pregnancy is
more related to cases observed in young women [26]. Conversely, body mass index
is more strongly related to the risk in older women.

In this section, we briefly review the evidence on risk factors for breast cancer
that have a different role among young and older women.

1.4.1 Race and Ethnicity

The incidence of breast cancer is the highest in the non-Hispanic white population.
When stratified by age, incidence rates are similar for non-Hispanic whites and
African Americans between the ages of 30 and 49 years. However, in patients
younger than 40 years specifically, African American females have the highest rela-
tive incidence of breast cancer [27, 28].

In women over 45, breast cancer is more common in whites than blacks. However,
black women under age 35 have more than twice the incidence of invasive breast
cancer and three times the breast cancer mortality of young white women [6].

In contrast, Native American women aged 20-44 have a lower incidence of
breast cancer (relative risk [RR]=0.7) compared to the general population.

1.4.2 Family History

A positive family history of breast cancer is the main risk factor among young
women. Women under 35 years of age with a positive family history of the
diseases have 3—4 times higher risk of the disease than women without family
history [29].

1.4.3 Contralateral Breast Cancer

Young women with breast cancer have an about doubled increased risk of contralat-
eral breast cancer [30]. The estimated cumulative risk is about 13 % in a 10-year
period [31].

Continuing exposure to risk factors, radiation for the treatment of the initial
breast cancer, and genetic profile can at least in part explain the increased risk of
contralateral breast cancer in these patients [32].
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1.4.4 Hormonal Factors

Inconsistent results were published regarding age at menarche and breast cancer
risk [33]. Some studies reported that younger age at menarche increased breast can-
cer risk only in premenopausal women, while some reported increased risk only for
postmenopausal women [33, 34, 35]. In some previous studies, age at menarche was
found to be associated with both pre-and postmenopausal breast cancer, while in
another studies, it had no association with either pre- or postmenopausal breast
cancer [33, 34, 35]. In this study, early onset of menarche was found to be associ-
ated with both pre- and postmenopausal patients as the majority of patients in either
groups attained puberty at an age of <12 years. The median age of menarche world-
wide is 14 years (range 11 to 18 years). Some studies done on Indian women showed
that the risk of both premenopausal and postmenopausal breast cancer decreased
with delay in the onset of menarche [36].

Hormonal risk factors are somewhat different for women aged less than 35 years
in comparison to older women.

Pregnancy plays a protective role on the risk of breast cancer on long term. However,
it increases the risk immediately after delivery. Thus delayed childbirth (first child after
age 30 years) is a risk factor for breast cancer in older women, but early childbearing
seems to be a risk factor for developing breast cancer before the age of 35 years.

A similar effect has been suggested for oral contraceptives (OC): current use of
OC increases the risk, but previous use decreases the risk. Along this line, recent
oral contraceptive use is a risk factor for early-onset breast cancer, particularly for
estrogen receptor (ER)-negative tumors.

1.4.5 Body Mass Index

There is evidence that breast cancer risk is positively associated with body mass
index in postmenopausal women. A large population-based study evaluating
approximately 50,000 women indicated that the combination of obesity, high-
energy (caloric) intake, and sedentary lifestyle is a risk factor in premenopausal
women [37].

1.4.6 Physical Activity

Participation in recreational or occupational physical activity may decrease estro-
gen levels, reducing body fat, and, with extreme exercise, reducing the frequency of
ovulation. Further physical activity may increase levels of sex hormone binding
globulin (SHBG), which would reduce bioavailable estrogens [38]. Increased physi-
cal activity also reduces insulin resistance and hyperinsulinemia, which has been
hypothesized to be related to breast cancer [38].

Along this line, intense physical activity has been associated with a decreased
breast cancer risk in premenopausal women [39].
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1.4.7 Diet and Selected Micronutrient Intake

Among dietary factors, a high intake of certain fruits and vegetables (e.g., tomatoes)
has been associated with a decreased risk of breast cancer in young women [40].

No relationship has been found between calcium/vitamin D intake and the risk of
postmenopausal breast cancer, but several studies suggest that high vitamin D
intake, with or without calcium, may protect against premenopausal breast cancer
[41-43].

It has been suggested that among premenopausal women, 400 IU vitamin D and
1,000 mg calcium daily lower mean breast density and breast density is associated
with the risk of breast cancer in premenopausal women [44].

1.4.8 Miscellaneous

Other risk factors for breast cancer in premenopausal women include a history of
prior mantle irradiation for Hodgkin lymphoma [29].

Conclusion

Although a diagnosis of cancer is distressing at any age, the diagnosis of a breast
cancer in young women is fraught with several unique challenges due to its
impact of self-imaging, the relation with the partner, reproduction, and in general
the life expectance.

Since breast cancer in young women is not a rare condition, special focus
should be given to the identification of women at high (familiar/genetic) risk for
this condition. Due to the observation that breast cancer in young women is more
frequently diagnosed at higher stage, early diagnosis, in the perspective of the
clinical epidemiology, remains a priority.
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2.1 Introduction

Breast cancer arising in young women is relatively uncommon constituting around
5-7 % of women diagnosed in the Western World [1, 2]. The prevalence is higher in
the developing world, with up to 20 % of patients diagnosed below the age of 40 in
Africa and the Middle East [3, 4].

Breast cancer in young women differs in several aspects from tumors diagnosed
in older patients. Women <40 tend to have advanced disease at diagnosis, typically
presenting with large palpable, often multifocal tumors and exhibiting higher preva-
lence of lymphatic involvement and nodal spread [1, 5, 6]. Moreover, young age at
breast cancer diagnosis has consistently been shown to be an independent predictor
of worse outcome in both early and late stage disease [1, 6—10]. This likely provides
an explanation for the trends observed in clinical practice favoring mastectomy and
adjuvant chemotherapy use in this patient population despite lack of proven recur-
rence or survival benefit justifying a more aggressive treatment approach [11-18].

It is unclear whether the adverse clinical and histologic features of breast cancer
in young patients can entirely account for their increased risk of relapse and disease-
related mortality. Despite lack of differences in stage-adjusted short-term survival in
younger compared to older women [19], studies with long-term follow-up have
revealed that survival disparities are more prominent in early rather than late stage
disease [1, 20], emphasizing the precedence of tumor biology over clinical stage as
predictor of outcome in this disease [21].

Higher rates of hormone-receptor negative and HER2-overexpressing tumors
occur in younger patients [1, 3]. Other adverse histologic features seen in this
patient population include high tumor grade, poor differentiation, and
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lymphovascular invasion [1, 5, 22-26]. Using gene expression profiling, young
patients were shown to have higher incidence of basal-like tumors compared to their
older counterparts [27, 28]. In addition, unlike their older counterparts, luminal-B
subtype constitutes the majority of the ER-positive population in young patients
[29]. Nevertheless, recent evidence further points to the existence of subtype-
independent differential expression of several biological processes related to apop-
tosis, PI3k signaling, stem cells, stroma-related genes, and others underlying the
unique biology of breast cancer in this specific patient population [28].

In this chapter, we will be discussing in detail different aspects related to the
management of breast cancer arising in young women. Acknowledging their unique
biology, and guarded prognosis, it is reasonable to think that their management
strategies should be somehow tailored. In addition, young women often have differ-
ent perspectives of quality of life and survivorship issues compared to their older
counterparts, which should be taken into account when discussing treatment
expectations.

2.2 Diagnostic Work-Up: Specific Considerations
in Young Patients

2.2.1 Diagnostic Imaging

When compared to older patients, young patients tend to present more frequently
with locally advanced disease including larger tumor size (>T3) and higher rates of
nodal involvement [1]. This is likely due to a combination of multiple factors includ-
ing lack of routine screening, decreased sensitivity of mammography, and low index
of suspicion in symptomatic younger patients.

The work-up of young patients without or unknown genetic predisposition does
not differ from that in older patients. Mammography and ultrasonography remain
the diagnostic studies of choice with ultrasound being the preferred first-line imag-
ing modality in pregnant woman or those aged <30 years old presenting with symp-
toms or suspicious clinical examination [30]. As in older patients, palpable breast
masses or suspicious axillary adenopathy in young patients should also prompt a
referral for biopsy even in the absence of radiographic disease.

The sensitivity of digital mammography is superior to that of film mammogra-
phy in dense breasts; therefore, its use for diagnostic purposes may be preferable in
young patients [31, 32]. The improved diagnostic accuracy of novel mammographic
techniques such as tomosynthesis over digital mammography particularly in dense
breasts may be promising for young patients; however, at this time there is little data
to support their use.

MRI is more sensitive than mammography in tumor size assessment and detec-
tion of multifocal disease and is relatively unaffected by breast density [33].
However, MRI is not routinely used in the diagnostic setting in young women with-
out genetic predisposition given the lack of convincing evidence for improvement
in local recurrence, distant recurrence, or reoperation rates [34—37]. The utility of
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MRI imaging for detecting synchronous contralateral breast cancer also remains an
area of controversy regardless of the patient’s age. In high-risk women with known
BRCA deleterious mutations or increased risk of breast malignancy based on family
history, MRI is recommended and routinely used despite uncertainty regarding sur-
vival advantage in this setting [38].

2.2.2 Genetic Counseling

Regardless of the underlying breast cancer subtype, genetic counseling referral
should be an integral part of the evaluation of all newly diagnosed young patients.
Testing for hereditary breast/ovarian cancer predisposition is recommended for all
women diagnosed at age <45 due to higher prevalence of deleterious BRCA muta-
tions even among unselected patients [39, 40]. Genetic referral and testing should
ideally occur early on during the initial disease work-up as it bears implications for
both the decision and timing of prophylactic contralateral mastectomy and/or pro-
phylactic bilateral salpingo-oophorectomy, if needed [41]. Women with breast can-
cer before the age of 30 and no detectable BRCA mutation have an estimated 4-8 %
likelihood of harboring a TP53 germline mutation which is further increased with
personal or family history of Li—Fraumeni syndrome-related cancer [42—44]. These
considerations provide the basis for expert consensus guidelines endorsing TP53
testing either concurrently or after negative BRCA testing in women with breast
cancer diagnosed at age <35 [40].

2.3  Surgical Management and Radiotherapy-Related
Considerations in Young Patients

2.3.1 Surgery

Pooled data from randomized controlled trials and patient-based cohorts demon-
strate a two- to fourfold increase in locoregional recurrence risk with breast conser-
vation surgery in women <40 when compared to older patients [45-49]. However,
patients included in some of the earlier studies were treated prior to the routine use
of radiation boost or the advent of modern chemotherapy and adjuvant trastuzumab.
Improvements in surgical techniques, radiotherapy, systemic therapy, and the use of
adjuvant HER2-targeted therapy have contributed to decreasing local recurrence
rates in this patient population. For instance, the 5-year locoregional recurrence
rates (LRR) in subgroups of patients <40 old at diagnosis treated in the Netherlands
during the periods 1988—1998, 1999-2005, and 2006-2010 were found to be 9.8 %,
5.9 %, and 3.3 %, respectively [50]. In a recent series, no differences in LRR were
observed in breast cancer patients <40 years old at diagnosis treated with either
breast conservation surgery or mastectomy [12]. These changing statistics are at
odds with the current trends observed in clinical practice. The increasing rates of
ipsilateral and contralateral prophylactic mastectomies among young women with
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breast cancer are likely driven by patients’ perception of an associated survival ben-
efit [11, 18, 51, 52]. However, current data suggest that long-term survival is not
adversely affected in women who opt for breast conservation surgery as opposed to
mastectomy [13, 15, 53]. Similarly, contralateral prophylactic mastectomy, in the
absence of BRCA mutation, has not been associated with improvement in OS in
younger patients and should not be routinely recommended. Discussion regarding
risks and benefits related to this procedure should be held between both patient and
provider before a decision is made [54, 55].

In young patients seeking breast conservation surgery, there is no evidence to
support that more widely clear margin than no ink on tumor affects LRR [56]. There
is likewise no evidence to suggest a higher false-negative rate for sentinel lymph
node biopsy (SLNB) performed in young patients; therefore, indications for SLNB
and surgical management of patients with sentinel node involvement are the same
across all age groups [57]. In women meeting ACOSOG Z0011 inclusion criteria
(T1-2 disease, clinically negative axilla and up to two positive sentinel lymph
nodes), breast conservation surgery with tangential whole-breast radiotherapy
appears to be sufficient and hence axillary lymph node dissection and radiation can
be omitted without adverse impact on outcome [58, 59].

2.3.2 Radiotherapy

Women with early stage breast cancer undergoing breast conservation surgery
should receive conventional tangential whole-breast irradiation (45-50.4 Gy at frac-
tionated doses of 1.8-2.0 Gy delivered 5 days per week) with 10-16 Gy boost deliv-
ered to the tumor bed. The local recurrence relative risk reduction achieved with the
addition of boost is similar regardless of age; however, for younger women at higher
baseline risk for local relapse, the benefit in terms of absolute risk reduction is
expected to be higher [60, 61]. Only 20-30 % of women included in trials compar-
ing hypofractionated to conventional radiation (RT) therapy were <50 years old.
Apart from age, other characteristics of patients included in these studies (primarily
T1-T2 tumors, node-negative, low-grade disease) suggest a lower baseline recur-
rence risk compared to the one typically seen in young breast cancer patients with
high-grade or locally advanced disease. The effect of age on locoregional recur-
rence was reported in one of these trials showing no difference in local control in
women younger than 50 compared to those >50 [62]. However, since no further age
stratification was performed, it is unclear whether similar results can be expected in
women <40 as opposed to women 4049 years old. High-grade disease, despite
being underrepresented in hypofractionated RT trials, was shown to be associated
with higher local relapse when treated with hypofractionated RT (10-year risk of
IBTR 15.6 % vs 4.7 % for hypofractionated vs. conventional RT, respectively) [62].
Thus, in keeping with ASTRO guidelines, the use of hypofractionated RT in young
patients with breast cancer is currently not recommended but may be considered in
selected patients in the absence of high-grade disease and if meeting criteria of
patients enrolled in these trials [63]. Accelerated partial breast irradiation (APBI) is
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not indicated in young patients outside a clinical trial given that published data and
current guidelines only apply to women older than 50-60 [63, 64]. Results of ongo-
ing phase III studies such NSABP B-39/RTOG 0413, RAPID (randomized trial of
accelerated partial breast irradiation), GEC-ESTRO should provide answers on the
potential use of these modalities in younger patients [65].

Young age at breast cancer diagnosis has been associated with an increased risk
of local relapse after mastectomy and involvement of the internal mammary chain
[66]. Thus, post-mastectomy radiotherapy with inclusion of the internal mammary
chain may be considered and decision should be made on an individual basis after
discussion of risks and benefits with the patient.

24  Adjuvant Systemic Therapy
2.4.1 Chemotherapy and Trastuzumab

As discussed earlier, young age at breast cancer diagnosis has been considered as
a surrogate for high-risk disease and is often used as an inclusion criterion in
adjuvant chemotherapy trials. Based on this, clinicians traditionally have lower
threshold for administering adjuvant chemotherapy in younger patients, including
those with ER-positive, HER2-negative disease. However, it should be noted that
results of the latest EBCTG meta-analysis have indicated that the use of anthracy-
cline and taxane-based adjuvant chemotherapy was associated with similar pro-
portional risk reduction in breast cancer recurrence and mortality irrespective of
age [67]. This suggests that age alone should not be used to guide the use of
chemotherapy.

Genomic signatures have emerged as useful tools to improve prognostications
but also may guide the need for adjuvant chemotherapy in patients with ER-positive
disease. Existing evidence suggest that these genomic assays provide similar prog-
nostic information irrespective of age [28]. Evidence on the utility of these signa-
tures as predictive markers for chemotherapy benefit is limited to Oncotype DX,
based on retrospective evaluation of two prospective studies [68, 69]. In a cohort
from National Surgical Adjuvant Breast and Bowel Project (NSABP) B-14, no sig-
nificant benefit was seen with the addition of chemotherapy to hormonal therapy in
patients with lymph node-negative breast cancer premenopausal patients with low
recurrence risk scores [68]. The same finding was observed in NSABP-B20 in post-
menopausal patients with node-positive disease [69]. The ongoing prospective ran-
domized clinical trial, TAILORX, will confirm the clinical utility of this assay, in
particularly evaluating the benefit of chemotherapy in patients with intermediate
risk. In addition, this trial will provide valuable information on the value of Oncotype
DX in younger patients as well. Although the 70-gene signature panel, Mammaprint,
has been validated as prognostic tool, its clinical utility on whether it could guide
therapeutic decisions remains unproven with the ongoing study, Microarray in
Node-Negative Disease May Avoid Chemotherapy (MINDACT), intended to clar-
ify this question [70-73].
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There is no evidence to suggest that young women with TNBC or HER2-positive
disease derive more benefit from adjuvant chemotherapy compared to older patients
[14, 74, 75]. When pooled adjuvant chemotherapy trial data were analyzed looking
only at ER-poor disease and excluding adjuvant tamoxifen use, both absolute and
relative risk reduction in breast cancer recurrence and mortality were comparable in
women <50 vs. those >50 years old [74]. While these results should be interpreted
with caution, in view of different measurement techniques and definition of ER
positivity in the individual included studies, similar findings were also reported in
an analysis of a more recent patient cohort [14].

In HER2-positive disease, a retrospective analysis of the adjuvant study HERA
has shown that young age (<40 years old) was not associated with higher risk of
early relapse. In addition, young patients appear to derive similar benefit from adju-
vant trastuzumab compared to their older counterparts [75]. In practice, administra-
tion of adjuvant chemotherapy in young patients presenting with breast cancer
subtypes, associated with high relapse risk such as HER2-positive breast cancer or
TNBC, does not pose challenge to clinicians. Instead, the dilemma arise when these
patients present with Tla/b, NO triple-negative, or HER2-overexpressing breast
cancer, a population relatively underrepresented in adjuvant clinical trials. In these
situations, clinicians often face the difficult task of determining at which age or
tumor size cut-off withholding adjuvant chemotherapy would not adversely impact
the patient’s long-term prognosis. Higher recurrence risk and cancer-specific mor-
tality in women <35-50 years old has been reported in several studies in Tla-b NO
HER2-positive and TNBC regardless of whether they received adjuvant chemo-
therapy or not [16, 17, 76-78]. Nevertheless, it remains unclear to this date whether
higher rates of adjuvant chemotherapy use in young patients with small node-
negative, triple-negative, or HER2-overexpressing tumors would actually translate
into a meaningful reduction in recurrence risk or mortality in this patient population
[16, 17].

2.4.2 Endocrine Therapy

Five years of tamoxifen has been long considered the standard adjuvant endocrine
therapy for young breast cancer patients. The EBCTG updated analysis shows that
5 years of adjuvant tamoxifen reduces the relative risk of recurrence and death at 15
years by approximately 40 % and 30 %, respectively, independent of age [79].
However, recent data have suggested that extended treatment beyond 5 years could
be a superior approach. In the MA17 trial, the addition of 5 years of letrozole after
completion of 5 years of tamoxifen was shown to significantly reduce recurrence
rates mainly in women who were premenopausal at the time of tamoxifen therapy
initiation [80]. In addition, results from the two largest extended adjuvant tamoxifen
studies (ATLAS and aTTom) have demonstrated lower recurrence risk and survival
advantage for 10 years over 5 years of adjuvant tamoxifen [81, 82].

Several guidelines have incorporated these findings and recommend 10 years of
adjuvant tamoxifen as a valid treatment option for women who are still
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premenopausal after completion of 5 years of tamoxifen or newly diagnosed
patients who are likely to remain premenopausal after 5 years of adjuvant tamoxi-
fen. It should be noted though that only ATLAS included women <45 years old
with less than 50 % of them being premenopausal (9-10 % with ER-positive dis-
ease in each treatment arm). Assuming that the proportional risk reduction in mor-
tality from extended adjuvant therapy is the same across all age groups, it remains
modest at best with uncertainty that it will carry over when this practice is imple-
mented in the community. Compliance is dependent on duration of therapy and
compliance rates in ATLAS and aTTOM were noted to decrease from 80 % at 7-8
years to 60 % at 10 years. In the community setting where significantly lower
adherence rates are observed particularly among younger patients, further exten-
sion of duration of adjuvant hormonal therapy may not replicate the same benefits
seen in these studies [83, 84].

One important question that needs to be addressed is whether there are subsets of
young breast cancer patients that could potentially derive more benefit from
extended adjuvant hormonal therapy. In recent years, several gene expression signa-
tures have shown to be good predictors of late recurrence in hormone-receptor posi-
tive breast cancer such as Breast Cancer Index (BCI), Endopredict, and PAMS50
(ROR) [85-87]. Therefore, one important area of investigation would be to deter-
mine the extent of benefit from extended adjuvant endocrine therapy in patients
classified as high risk for late relapse by these assays.

Another unanswered question concerns the role of ovarian ablation in the adju-
vant setting in young breast cancer patients. Young women developing chemotherapy-
induced amenorrhea for >6 months have been shown to have improved survival,
underscoring the validity of inducing amenorrhea at least for a period of time [88].
Nevertheless, the benefit from ovarian ablation in premenopausal women in the
adjuvant setting remains uncertain and to date we lack generalized consensus on
whether ovarian ablation should be routinely used [89]. Ovarian ablation after
anthracycline and non-anthracycline-based adjuvant chemotherapy similarly has
not resulted in improved outcome overall, despite an observed trend for benefit in
terms of recurrence and DFS in premenopausal women <40 with ER-positive dis-
ease [90-92]. This was also seen in a meta-analysis of individual patient data
enrolled in these studies [93]. However keeping in mind that the majority of these
studies have not compared ovarian ablation to or after chemotherapy with tamoxifen
included in both arms, it is unclear whether the benefit from ovarian ablation is
superior to tamoxifen alone.

Lately several studies have attempted to address this question by combining
ovarian ablation to either tamoxifen or aromatase inhibitors in the adjuvant setting
in hormone-receptor positive breast cancer [94-97] (Table 2.1).

At present time, there is no role for aromatase inhibitors with or without ovarian
ablation in patients who remain premenopausal after 5 years of tamoxifen. For
patients who become menopausal during/after completion of adjuvant tamoxifen,
a switching or extended adjuvant strategy may be considered. Ovarian ablation in
combination with aromatase inhibitor may be considered as upfront adjuvant ther-
apy in premenopausal patients in view of SOFT/TEXT combined analysis however,
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longer follow-up is needed at this point. Only INT0142 had long-term follow-up;
however, the study is underpowered for survival analysis due to early closure as a
result of poor accrual. Nevertheless, the sample size was achieved for patient-related
outcomes with results indicating, as expected more menopausal symptoms and
decline in sexual activity in the ovarian ablation arm [97]. Another concern is the
worse outcome of the ovarian ablation + anastrazole arm compared to ovarian abla-
tion + tamoxifen arm of the ABCSG-12 trial. Several hypotheses have been pro-
posed to explain these results including short treatment duration (3 years) and also
lack of HER2 status assessment. More recently, an unplanned analysis of the
ABCSG-12 trial suggested that the poor outcome of the anastrazole arm is only
restricted to overweight population, which constituted around 30 % of the study
population [99]. These results raise questions regarding the use of aromatase inhibi-
tors in overweight/obese premenopausal women. This becomes more complicated
when compliance issues are also considered. Higher rates of musculoskeletal and
gynecologic side effects with aromatase inhibitors may further compromise low
compliance rates in this patient population. Conversely, potential incomplete ovar-
ian suppression due to non-adherence with scheduled LHRH administration cou-
pled with continued use of aromatase inhibitor therapy in a patient population
considered at higher risk for recurrence also warrants careful consideration. Given
these issues and taking into account the relative short follow-up in SOFT/TEXT,
awaiting mature data from these two trials seems more cautious at this time.

2.4.3 Neoadjuvant Therapy

Data comparing the impact of neoadjuvant chemotherapy in younger compared to
older patients are scarce. Evidence suggests that younger patients with TNBC seem
to derive the more benefit from neoadjuvant chemotherapy with higher rates of
pathologic complete response (pCR) reported in women <35 compared to older
patients [100, 101]. However, a pooled neoadjuvant trial analysis did not find a dif-
ference in DFS according to age when patients achieved pCR to neoadjuvant che-
motherapy. As such, age per se should not guide the use of neoadjuvant
chemotherapy.

Similarly, limited data regarding the use of neoadjuvant hormonal therapy are
available. Non-randomized studies and more recently a randomized double-blind
Study of Tamoxifen or Arimidex, combined with Goserelin acetate, to compare
Efficacy and safety (STAGE) trial have looked at ovarian ablation combined with an
aromatase inhibitor in the neoadjuvant setting [102—104]. In STAGE, neoadjuvant
goserelin combined with either tamoxifen or anastrazole for 24 weeks prior to
definitive surgery was compared in premenopausal patients with T2NOMO
ER-positive breast cancer with the primary endpoint being best overall response
(complete and partial response) assessed clinically [102]. Significantly higher clini-
cal response rates (complete and partial) were seen with the aromatase inhibitor-
LHRH combination (70 % vs. 50 %); however, no differences in pCR rates were
noted between study arms. Interpretation of these findings and the applicability of
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neoadjuvant endocrine therapy in young patients in the absence of long-term out-
come data are limited at this time.

2.4.4 Metastatic Breast Cancer

The choice of chemotherapy and HER2-targeted therapy is guided by the same
principles irrespective of age [105]. There is also no evidence to suggest that com-
bination cytotoxic chemotherapy in young patients with metastatic breast cancer
offers survival or quality of life benefit over sequential monotherapy [106].

Options for endocrine therapy in metastatic breast cancer in premenopausal
patients include single-agent tamoxifen and, unlike in the adjuvant setting, the
combination of tamoxifen with an LHRH analog shown to offer survival advan-
tage in this setting [107]. The combination of LHRH agonist with aromatase
inhibitor has been evaluated in small studies either as first- or second-line ther-
apy in the metastatic setting [108—114]. Very limited data are available on the use
of fulvestrant and everolimus in premenopausal patients [115]. Therefore, they
should not be currently considered: although there is no reason to think that they
would not be as effective as in postmenopausal patients and is worthy of investi-
gation in young patients.

2,5 Take-Home Messages

Management of young patients with breast cancer still poses challenge to clini-
cians with several questions unanswered at this time. Reconciling the divergent
findings of neoadjuvant, adjuvant, and non-randomized studies in small node-
negative HER2-positive or TNBC is needed to better understand the prognostic
significance of younger age in these breast cancer subtypes. In ER-positive dis-
ease, better stratification of late relapse risk in young patients could help optimize
the use of extended adjuvant hormonal therapy in this patient population. The role
of ovarian ablation in the adjuvant setting in combination with tamoxifen or an
aromatase inhibitor with or without prior adjuvant chemotherapy needs to be bet-
ter defined and mature data from SOFT/TEXT should provide further insight into
this matter. Exploiting the biology of ER-positive breast cancer in young patients
to tailor adjuvant chemotherapy is also the subject of ongoing research. Evaluation
of drugs such as everolimus with potential activity against deregulated molecular
signaling associated with breast cancer in young patients may potentially lead to
decreased indiscriminate cytotoxic chemotherapy use in this patient population.
Correlating underlying tumor biology, treatment, and outcome in these studies
will be important to design meaningful targeted therapy. The contribution of stro-
mal signaling to carcinogenesis and tumor progression in young patients is
increasingly being recognized and future research will also help determine the
significance of stromal signaling and its influence of recurrence and outcome in
younger patients.
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3.1 Introduction

Despite breast cancer (BC) is a disease of postmenopausal women (the incidence
gradually increases from 0.1/100,000 for women <20 years to 100-350/100,000 for
women >70 years [1]), approximately 7 % of cases in the developed world and
25 % of patients in the developing world [2] are diagnosed in young women (i.e.,
<40 years). BC accounts for >40 % of all cancers in this age group (Table 3.1) and
recent data show BC incidence in young women is increasing [3].

Young age, even after adjustment for socio-demographic and tumor characteris-
tics, is generally considered an independent predictor of poorer survival after BC
[4]. In a series of 873 patients aged <45 years from 20 public data sets, proliferation
gene signatures showed no significant interaction with age in estrogen receptor
positive/human epidermal growth factor receptor negative (ER+/HER2-) tumors
but an inferior relapse-free survival was suggested in this subgroup as compared to
women >40 years at diagnosis [2]. On the contrary, the outcome of 315 very young
patients (<35 years at BC diagnosis) with Luminal A subtype who received adju-
vant endocrine therapy (ET) was similar to that of older women [5].

The increased number of long-term young BC survivors has focused the atten-
tion of healthcare professionals to long-term adverse effects of cancer therapies. In
addition to the risk of heart failure and secondary neoplasms, oncologists must con-
sider the impact of antineoplastic treatments on premature ovarian failure and, thus,
on fertility.

Young women with BC often face dilemmas about fertility, pregnancy, breastfeed-
ing, and contraception. In the last decades, a trend toward delaying childbearing has
been observed and the number of childless women at BC diagnosis is still likely to
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Table 3.1 Incidence of breast Age Annual incidence

cancer by age <20 0.1/100,000
20-24 1.4/100,000
25-29 8.1/100,000
30-34 24.8/100,000
35-39 58.4/100,000
40-44 116.1/100,000

Modified by Pagani and Goldhirsh (2000) [6]

increase. A significant number of premenopausal BC survivors in the USA (approxi-
mately 20,000 women) were estimated to be at risk for infertility [7], and about half
of them might want children and could benefit from fertility counseling and preserva-
tion. Preliminary data of the Helping Ourselves, Helping Others (HOHO) study, a
prospective observational study conducted in the USA in women with BC diagnosed
<40 years to address disease and psychosocial outcomes at diagnosis and during long-
term (10 years) follow-up, show that 68 % of women discussed fertility issues with
their physicians before starting therapy and 51 % were concerned about becoming
infertile after treatment [8]. Despite these worries, only 10 % of patients took special
steps to lessen the chance of infertility. Eleven percent of the studied population also
considered receiving ET for <5 years. Unpublished preliminary data from the cohort
of women followed outside the USA, within the International Breast Cancer Group
(IBCSG) HOHO study (IBCSG 43-09), show that 20 % of patients desire children
after BC and are willing to take <5 years of adjuvant tamoxifen. A prospective survey
in 212 evaluable patients with ER+ early BC, less than 37 years at diagnosis, from 5
regions (Europe/US/Canada/Middle-East/Australia) showed almost 40% of patients
were interested in a study of ET interruption to allow pregnancy [9].

The impact of anticancer treatments on reproductive organs may be direct (e.g., pel-
vic surgery or irradiation) or by influence of the hormonal milieu (e.g., ET, chemother-
apy, targeted therapies, alteration of the pituitary axis subsequent to cranial irradiation).

3.2 Cytotoxic Chemotherapy and Targeted Therapies

Ovaries contain a fixed pool of oocytes that do not proliferate and are not
replaced and whose number declines with age. Cytotoxic chemotherapy affects
primordial follicles, oocytes, and granulosa cells. The most relevant toxic effect
is the loss of follicles under maturation which results in ovulatory dysfunction
and subsequent amenorrhea. Follicular atrophy can be reversed according to the
number of active follicles remaining after the end of chemotherapy. As a conse-
quence, the probability of chemotherapy-induced amenorrhea (CIA) depends on
the age at the time of treatment, the type of chemotherapy received, its duration,
and drug/s cumulative doses. Overall, the rate of CIA is between 20 % and 70 %
in women <40 years but can approach 100 % in women >40 years (Table 3.2).
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Table 3.2 Risk of

- Age Regimen Degree of risk
zhmeéﬁggﬁzzpy'mduced <30 ACx4 and docetaxel x4 6%

CMEF, CEF, or CAFx6 <20 %

30-39 AC x4 and docetaxel x4 12 %
AC, ECx4 <20 %
CMF, CEF, or CAFx6 30-70 %

>40 AC x4 and docetaxel x4 35 %
AC, ECx4 30-70 %
CMF, CEF, or CAFx6 >80 %

All age Methotrexate + fluorouracil Very low
Monoclonal antibodies Little evidence
Taxanes Little evidence

AC doxorubicin, cyclophosphamide, CAF cyclophosphamide,
doxorubicin, fluorouracil, CEF cyclophosphamide, epirubicin,
fluorouracil, CMF cyclophosphamide, Methotrexate, fluorouracil,
EC epirubicin, cyclophosphamide

The two main mechanisms of chemotherapy-induced ovarian toxicity are direct fol-
licle and oocyte apoptosis [10] and vascular damage [11]. Compared to untreated
women, patients having received chemotherapy show a significantly lower follicle
count [10]. Another important mechanism of ovarian injury is focal damage of the
ovarian cortex through hyalinization of cortical vessels and intimal fibrosis. Ovaries
exposed to chemotherapy show several areas of focal cortical subcapsular fibrosis [12].

CIA can either be “temporary” or “permanent.” Temporary amenorrhea is mainly
related to insufficient follicle development and alteration of hypothalamic function
by disrupted estrogen metabolism. Permanent amenorrhea is more closely related to
the direct toxicity of chemotherapy on the ovarian reserve. Transient menstrual
irregularity or amenorrhea is common during chemotherapy, but a proportion of
patients will resume menses within 6-12 months from treatment completion [13],
the time required for damaged developing follicles to be replaced by new follicles
from the remaining primordial follicle pool.

The most frequently used drugs in BC are alkylating agents (cyclophosphamide),
anthracyclines, taxanes, and antimetabolites (methotrexate, 5-fluorouracil,
capecitabine, gemcitabine). Alkylating agents are associated with the highest ovar-
ian toxicity. The median dose of cyclophosphamide required to induce amenorrhea
increases with decreasing age (5 g in 40-year-old patients, 9 g in 30-year-old
patients, 20.4 g in patients <30 years). No data are available on the incidence of
amenorrhea after single-agent anthracyclines. On the contrary, the anthracycline-
containing combination regimens are highly toxic on ovarian function: about 34 %
of women receiving the AC regimen (doxorubicin+cyclophosphamide) develop
amenorrhea; CEF (cyclophosphamide-epirubicin-5-fluorouracil) and CMF
(cyclophosphamide-methotrexate-5-fluorouracil) are associated with greater ovar-
ian toxicity, with reported amenorrhea rates of 51 % and 43 %, respectively. The
impact of taxanes on primordial follicles is still unclear. The addition of paclitaxel
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to the AC regimen, concurrently or sequentially, does not apparently increase the
rate of amenorrhea [14]. Antimetabolites are less toxic for ovaries [15].

Fertility can be compromised even if women continue or resume menses after
chemotherapy [16], and they can undergo early menopause due to the loss of a sig-
nificant proportion of their primordial follicle pool [17]. Anthracycline- and/or
cyclophosphamide-containing regimens may determine a loss of ovarian reserve of
about 10 years, i.e., the amount of primordial follicles of women aged 26-27 years
after this type of combination chemotherapy is similar to that of women aged 3637
years. The reduction in the antimiillerian hormone (AMH), the best biochemical
marker of ovarian reserve currently available, was shown to be associated with a
loss of ovarian reserve of about 10 years [18]. Low pretreatment AMH was also
found to be an independent predictor of CIA at 2 years after the end of chemother-
apy (P=0.005; odds ratio 0.013), independently from age, in 59 premenopausal
women with early BC, as compared with other markers of ovarian function (FSH
and inhibin B) [19].

Patients with triple-negative BCs and BRCA mutation carriers often have mul-
tiple deficits in DNA repair pathways and may selectively benefit from platinum
derivatives and Poly-(ADP-ribose) polymerase (PARP) inhibitors [20]. Trials are
ongoing, but PARP inhibitors are likely to be less gonadotoxic than
cyclophosphamide-based regimens. In a study of 168 cancer patients (38 with BC),
the odds ratio (OR) of platinum-related ovarian failure in exposed versus unexposed
patients was 1.77, second only to alkylating agents (OR 3.98) [21]. The available
data with trastuzumab [16] report no increase in the likelihood of CIA. Data on
bevacizumab are limited to patients with colorectal cancer: ovarian failure occurred
in 34 % of women receiving a bevacizumab-containing regimen compared with 2 %
of women receiving the same regimen without bevacizumab. Only approximately
one fifth of these women recovered ovarian function and the US Food and Drug
Administration (FDA) issued a warning in 2011 in order to properly inform women
before starting treatment [22]. Information with newer chemotherapy agents or
other targeted drugs (e.g., epothilones, lapatinib, pertuzumab) is missing.

A recent meta-analysis of 15,916 premenopausal BC patients from 46 studies
showed that cyclophosphamide- taxane- and anthracyclines-based regimens signifi-
cantly increased the incidence of CIA with pooled ORs of 2.25 (95 % CI 1.26-4.03,
p=0.006), 1.26 (95 % CI 1.11-1.43, p=0.0003), and 1.39 (95 % CI 1.15-1.70,
p=0.0008), respectively. The three-drug combination regimens of cyclophospha-
mide, anthracyclines, and taxanes caused the highest rate of CIA compared with
other three-drug combinations (OR 1.41, 95 % CI 1.16-1.73, P=0.0008). The addi-
tion of tamoxifen was also associated with a higher incidence of CIA, with an OR
of 1.48 [23].

The impact of cytotoxic therapy on ovarian function and fertility possibly depends
not only on the type of drug and its cumulative doses, but also on the type of schedule
chosen. It is well known that for some drugs (i.e., paclitaxel) the use of different
schedules is correlated with variations of their pharmacodynamics [24]. It is there-
fore intuitive to think that a metronomic administration (often used in the metastatic
setting) may be less toxic on the ovary, despite no data to confirm this hypothesis.
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3.3  Endocrine Therapy

Being estrogen promoters, and possibly initiators, of most BCs, blocking their
synthesis/function represents a logic therapeutic target in women with ER+ BC. In
premenopausal women estrogen synthesis primarily occurs in the ovaries, but also
in fat tissue, muscles, skin, stromal breast cells, adrenal glands, and in the neoplastic
tissue itself.

The most commonly prescribed endocrine pharmacological treatments are selec-
tive estrogen receptor modulators (SERMs) (i.e., tamoxifen and toremifen),
gonadotropin-releasing-hormone agonists (GnRHa), and aromatase inhibitors (Als).
In premenopausal women, tamoxifen for at least 5 years is a standard of care [25].

GnRHa have been introduced in the treatment of BC in premenopausal women
at the end of the 1980s. GnRHa have a biphasic effect on the pituitary gland. Initially,
they stimulate the secretion of both follicle-stimulating-(FSH) and luteinizing hor-
mone (LH), while with long-term continuous administration, pituitary cells become
resistant. The final result is a reversible inhibition of FSH and LH secretion and a
fall in circulating levels of sex hormones similar to that produced by irreversible
surgical- or radiation-induced castration. Serum levels of 17 beta-estradiol and pro-
gesterone fall within the 3rd—4th week after therapy start and the levels of LH and
FSH remain suppressed. If a GnRHa is given, estradiol levels should be checked on
a regular basis (at least every 6 months) because in some patients ovarian suppres-
sion is not achieved [26].

The recently published results of the Suppression of Ovarian Function Trial
(SOFT) showed that, after a median follow-up of 67 months, the addition of ovarian
function suppression/ablation (OFS/OA) to tamoxifen did not result in a significant
benefit in terms of disease-free-survival (DFS) in the overall study population.
However, for women who were considered at sufficient risk for recurrence to war-
rant adjuvant chemotherapy and who remained premenopausal after a median of 8
months after its completion, the addition of OFS significantly improved disease
outcomes, especially if younger than 35 years at diagnosis [27].

Recent data from the randomized trials Tamoxifen and Exemestane Trial (TEXT)
and SOFT also showed that the Al exemestane plus OFS/OA significantly reduces
recurrences as compared with tamoxifen plus OFS/OA [28]. On the other hand, the
ATLAS and aTToM trials represent the first evidence of a beneficial effect of
extended adjuvant tamoxifen (10 years) in premenopausal women [29, 30]. As a
consequence of these data supporting complete estrogen deprivation and/or longer
duration of ET, larger numbers of women will be older and thus at higher risk for
infertility at the time their therapy is completed.

Oophorectomy remains a viable ovarian suppression option both in the adjuvant
and metastatic setting. Ovarian ablation by radiation therapy (RT) (15-20 Gy in
10-18 fractions to a modified pelvic treatment volume) is generally as effective as
surgical oophorectomy or GnRHa administration but may take some months to be
complete [31, 32]. These last two techniques, which are associated with permanent
ovarian suppression, might be more indicated in older premenopausal patients and
represent a valid alternative especially in country with limited resources [33].
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The impact of single-agent tamoxifen on ovarian function is not well understood,
since the number of premenopausal patients not receiving also adjuvant chemotherapy
in the literature is very small. Tamoxifen may interfere with normal negative pituitary
feedback mechanisms resulting in increased secretion of gonadotropins and, hence, in
increased ovarian estrogen production [34]. The consequent hyper-estrogenism can be
associated with ovarian cysts and oligo-amenorrhea [35, 36]. Overall, the incidence of
tamoxifen-induced amenorrhea ranges between 16 and 38 % [37]. Amenorrhea while
on tamoxifen did not, in itself, translate in definitive menopause in 65 patients receiv-
ing single-agent adjuvant tamoxifen as compared to 68 patients treated with tamoxifen
after adjuvant chemotherapy [38]. Women should therefore be informed of the possi-
bility of getting pregnant while on tamoxifen, despite having amenorrhea, and of the
need for adequate non-hormonal contraception [26].

As compared to permanent CIA, tamoxifen-induced oligo-amenorrhea and OFS
induced by GnRHa are reversible and ovarian function usually recovers after 3—6
months from their discontinuation, as the ovarian reserve is not permanently dam-
aged. This can avoid the burden of premature menopause and be particularly appeal-
ing in women who did not complete their childbearing before BC diagnosis. Within
the Breast International Group (BIG)-North American Breast Cancer Group
(NABCG) collaboration the IBCSG has just launched a trial (Pregnancy Outcome
and Safety of Interrupting Therapy for women with endocrine respons/VE breast
cancer — POSITIVE — IBCSG 48-14 — clintrials.gov NCT02308085) which will
assess the pattern of fertility recovery and pregnancy in women with maternity
desire under different ETs.

Als interfere with the enzyme aromatase, which, in highly estrogen-sensitive tis-
sues, such as the breast, uterus, vagina, bone, brain, heart, and blood vessels, is
responsible for the final step of estrogen synthesis from androgens (androstenedione
and testosterone). Premenopausal women have a large amount of aromatase sub-
strate in the ovary: Als induce, by a pituitary loop effect, a dramatic increase of
gonadotrophins and a subsequent increase in hormone levels. Als should therefore
not be given to premenopausal women without the addition of a GnRHa. The initial
surge in FSH and LH induced by GnRHa before pituitary suppression together with
the ovarian stimulation triggered by Als are also used for embryo/oocyte cryo-
preservation. Women should be counseled to use non-hormonal contraception both
during the first weeks of treatment and afterwards as sustained ovarian suppression
is not achieved in some patients. The preliminary results of the SOFT-EST prospec-
tive substudy, measuring serial serum estrogens in 116 patients under ET (either
Tamoxifen or Exemestane) and GnRHa in the SOFT trial show that about 20 % of
patients had suboptimal estrogen suppression [39].

3.4 Radiation Therapy
RT is recommended to all women who underwent conservative breast surgery

because significantly reduces the rate of local recurrence and improves overall
survival [40]. A boost on the tumor bed is of particular benefit in young women [41].
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RT is also recommended to women who underwent mastectomy and have a high
risk of loco-regional relapse [42].

Ovarian follicles are sensible to radiation damage. Adjuvant loco-regional RT for
early BC is not associated with significant ovarian toxicity, although internal scatter
radiation can reach the pelvis and ovaries (2.1-7.6 Gy). In the palliative setting, it is
sometimes necessary to irradiate the pelvis, for the treatment of bone or visceral
metastases. The dose tolerance of the ovary is dependent on several factors (the
volume irradiated, the total radiation dose, the fractionation schedule, and the
patient’s age at the time of treatment). Radiation doses to the pelvis exceeding
24 Gy will likely produce permanent ovarian ablation, but lower doses can be asso-
ciated with premature ovarian failure with increasing age [43]. Cranial irradiation,
affecting the hypothalamic-pituitary axis, may also impair fertility [44].

3.5 Surgical Treatment

Breast surgery does not have an impact on fertility, except for oophorectomy, mainly
performed in developing countries as a substitute of costly GnRHa therapy, or as
prophylactic surgery in patients harboring BRCA1/2 mutations.

3.6 Fertility Assessment After Breast Cancer Treatment

When assessing the impact of different chemotherapies on fertility, many clinical
trials used amenorrhea or menstrual irregularities, which are not reliable markers of
infertility, as endpoints. Despite maintenance or resumption of regular menses after
BC treatment, fertility may be compromised due to the poor quality of surviving
oocytes [45]. Women with decreased ovarian reserve often have shorter, more regu-
lar cycles due to accelerated follicle development. Permanent amenorrhea is also
not uniformly defined across studies. The most used definitions range from irregular
menses in the 1st year after treatment completion to continuous cessation of menses
for more than 1 year [46].

Ovarian function recovery (OFR) can be measured by monitoring circulating
levels of FSH, LH, estradiol, inhibin B, and AMH. Decline in the ovarian reserve
leads to low levels of estradiol, inhibin B, and AMH, normally produced by the
granulosa cells of the ovarian follicles. AMH is the most sensitive of all these tests,
as it is consistent throughout the menstrual cycle and more closely approximates the
number of ovarian primordial follicles [47]. Low pre-chemotherapy AMH and older
age were both statistically significant predictors of CIA (p=0.04 and p=0.008,
respectively) in 124 patients with early BC participating in the multicenter random-
ized controlled trial ECOG5103 (doxorubicin-cyclophosphamide followed by
paclitaxel with either placebo or one of two durations of bevacizumab therapy) [48].

The widespread use of hormone level’s monitoring has been limited by costs,
lack of sensitivity, and cross reproducibility of available assays. Single measure-
ments reflect ovarian function only at that specific time point and therefore do not
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predict the potential for sustained ovarian recovery. In addition, the validity of these
tests following chemotherapy for BC is not yet been validated, and not all authors
agree on their reliability in this particular setting of patients. A new highly sensitive
AMH assay, prospectively used and validated in a cohort of 98 women with early
BC, showed a tenfold increased sensitivity as compared to AMH, inhibin B, FSH,
and estradiol measured with standard methods. In particular, the study showed that,
even in women with regular menses, AMH measured 2 years after chemotherapy
was generally very low for their age (mean age 35 years) and similar to older women
who did not receive chemotherapy (mean age 45 years) [49].

In addition to AMH, an ultrasound-guided estimation of ovarian volume and
antral follicle count, a simple and relatively inexpensive technique [50], can be used
to estimate ovarian reserve. The sensitivity and specificity of this method are still
being evaluated.

3.7  Psychosocial Impact of Fertility Impairment

The impact of cancer-related infertility on long-term distress and quality of life
(QoL) has been poorly investigated in BC patients.

In the above mentioned prospective HOHO study, 37 % of patients wished future
biologic children before BC diagnosis as compared to 26 % at the time of survey
and 9 % did not want more children because they were afraid that pregnancy would
increase their risk of recurrence [8]. A cross-sectional survey was conducted by
phone interview in 240 US young women (mean age at the time of survey 43.7 years)
diagnosed with cancer (130 with BC), unselected for their desire for children at
diagnosis, 5-10 years post-treatment. A significant higher distress, more intrusive
thoughts, and avoidance strategies were experienced by childless women as com-
pared to women with adopted/stepchildren and women with at least one biological
child, irrespective of cancer type [51].

One-hundred and thirty-one women with early BC diagnosed <40 years, origi-
nally participating in the Women's Healthy Eating and Living (WHEL) Study
evaluating the influence of diet on BC outcome, participated in the WHEL
Survivorship Study to investigate whether the level of reproductive concerns after
treatment was associated with long-term depressive symptoms. Data were col-
lected an average of 12 years post-diagnosis: reproductive concerns were a sig-
nificant contributor to persistent depressive symptoms (p=0.0002) as were not
having children, being nulliparous at diagnosis and treatment-related ovarian
damage (all with p<0.01) [52].

Most of the available surveys are retrospective; nonetheless, their results are
similar to those reported in a large, population-based study (N=2,818) of non-
cancer patients with unresolved infertility which showed significantly less satisfac-
tion with life, more depressive symptoms, and decreased self-esteem than in women
with no fertility problems [53].

Infertility can also impair sexual and relationship functioning, as shown in non-
cancer women with a diagnosis of infertility [54].
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Adoption, oocyte donors, or gestational carriers can be difficult to pursue by BC
survivors. BC patients looking for adoption may face discrimination from national
and international agencies, as well as from birth mothers. A survey conducted in the
USA among 11 cancer organizations, 6 international adoption agencies, and 7 adop-
tion specialists showed that most cancer organizations (except the Young Survival
Coalition — YSC) had limited information on both potential barriers to adoption and
legal and disclosure requirements [55]. Cancer survivors represented 0.5-10 % of
the surveyed adoption agencies: 3 out of 6 agencies wanted to know about a previ-
ous cancer history, the remaining did not, particularly in case of early stages and
after 2 years of disease-free survival.

Less than 10 % of cancer survivors consider using oocyte donors or gestational
carriers to become parents [56]. High out-of-pocket costs and legal restrictions
(i.e., domestic versus transnational surrogacy) may also limit third-party
reproduction.

Women concerned about inherited cancer were more likely to consider pre-
implantation genetic diagnosis (PGD) (i.e., creating embryos through in vitro fertil-
ization and discarding those harboring a known mutation), than to undergo elective
termination of an affected fetus. On the contrary, only 36 % of women with heredi-
tary breast and ovarian syndromes, surveyed during a US national conference, con-
sidered to use PGD in a future conception [57].

3.8 BRCA Mutation Carriers

Women carrying a BRCAI mutation might be more prone to CIA as a consequence
of occult primary ovarian insufficiency [58, 59]. In a multicenter survey of 1,426
young women with a BRCAI or BRCA2 mutation treated with chemotherapy for
early BC, the risk of long-term CIA was not greater than among women who did not
carry a mutation [60].

Prophylactic surgery (i.e., bilateral mastectomy and/or salpingo-oophorectomy)
is often discussed as part of BC treatment planning in women with known BRCA
mutations. Hysterectomy is not always performed in these patients leaving the theo-
retical possibility to deliver. Some studies [61] revealed no association between BC
risk and exposure to fertility drugs in women with BRCA mutation but data are
controversial.

Mutation testing is feasible by embryo biopsy and PGD and embryo selection
after genetic testing is available in some countries [62]. A qualitative study of
patient preferences in 33 BRCA1/2 US mutation carriers undergoing genetic coun-
selling showed the majority of participants preferred to be informed of the avail-
ability of PGD but also deferred detailed discussion [63]. In a similar survey
conducted in 77 Spanish individuals, 61 % considered ethical to offer PDG, 55 %
would contemplate prenatal diagnosis (PND), 48 % PGD, and 30 % adoption [64].
Individuals >40 years and those with a diagnosis of malignancy were more likely to
consider PGD. Most healthcare professionals were also in favor of discussing PND
and PGD in subjects with hereditary cancer susceptibility.
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3.9 Contraception After Breast Cancer

Pregnancy should be avoided during active treatment of BC. Both cytotoxic agents
and ETs (e.g., tamoxifen) are highly toxic to the embryo and affect embryonic
development. Tamoxifen-related amenorrhea is not always associated with ovarian
failure but can hide the presence of hyperactive ovaries due to a positive feedback
mechanism [35]. If the combination of oral ET and GnRHa is given, estradiol levels
should be checked on a regular basis (at least every 6 months) because in some
patients ovarian suppression is not achieved [37-39].

As a consequence, patients should be informed to undertake effective non-
hormonal contraception while on treatment. For women not wishing future preg-
nancies sterilization is the safest contraceptive method, being failure rates <1 %.
A number of minimally invasive surgical options for sterilization are available,
including laparoscopic tubal ligation and hysteroscopic sterilization. Non-hormonal
methods including intrauterine devices (copper IUD or coil) and barrier methods
(condoms, cervical diaphragm) can be prescribed being aware that, even with per-
fect use, they are associated with a 15 % failure rate.

The use of hormonal contraceptives is generally discouraged [65], particularly in
women with ER+ BC. The levonorgestrel-releasing (LNG) IUD (Mirena®) releases
a controlled local high-dose and low systemic dose of progestins (52 mg). Local
progestin therapy may be helpful in managing endometrial proliferation on tamoxi-
fen, anemia, menorrhagia, and dysmenorrhea, especially in women with ER tumors.
Population-based data show no increased risk of BC in women with LNG-IUD at
BC diagnosis as compared to Cu-IUD users in 5,100 BC patients and 20,000 con-
trols [66]. Studies in BC survivors are small [65]: a recent retrospective cohort study
[67] compared 79 Belgian BC patients who used the LNG-IUD at diagnosis with a
control group of 120 patients with no history of LNG-IUD use, closely matched for
age, tumor characteristics, and treatment modalities. Overall, no increased risk of
BC recurrence in patients with use of the LNG-IUD at diagnosis was reported, but
a subgroup analysis showed a trend towards an increased recurrence rate in women
who continued to use the LNG-IUD after diagnosis. Patients should be informed
about the lack of safety data of LNG-IUD, and alternative contraception methods
should be counselled.

The newer low-dose LNG-IUD (13.5 mg) (Skyla®) is effective, reversible, and
associated with less anemia, menorrhagia, and dysmenorrhea compared to
Cu-IUD. However, there is currently no evidence regarding its safety in the setting
of BC [68].

The World Health Organization (WHO) guidelines do not identify medical con-
ditions for which the risks of emergency contraception outweigh its benefits [70],
and this method should therefore be available also to women diagnosed with and/or
under treatment for BC. The prescribed emergency method should be tailored
according to the time elapsed after the unprotected intercourse but should also take
into account body mass index (BMI) which is often elevated in BC patients under
ET. A reduced efficacy of emergency contraception has in fact been reported in
women with elevated BMI [71].
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A recent meta-analysis of three case-control studies confirmed a significantly
decreased ovarian cancer risk in BRCA1/2 mutation carriers associated with the use
of combined oral contraceptives. On the contrary, data on the risk of BC are hetero-
geneous and results are inconsistent [72].

3.10 Fertility and Advanced Breast Cancer

Discussing infertility risk and fertility preservation in women with advanced breast
cancer (ABC) is challenging and it may seem inappropriate [73]. Despite the lack
of data, it is likely that issues surrounding fertility are also concerning young women
with ABC [74] and the improved outcomes and long-term survival achieved with
modern therapies warrant new approaches by healthcare professional community in
this patients’ population.

A pilot study assessing the safety of re-implanting cryopreserved ovarian tissue
from advanced-stage BC showed no contamination by malignant cells [75]. Further
evidence is required before ovarian tissue transplantation can be contemplated in
these patients but breast oncologists should provide an opportunity to discuss the
topic, handling the conversation carefully and sensitively.

Conclusions

The pattern of fertility impairment from anticancer treatments in premenopausal
women with BC is heterogeneous and deserves individualized, tailored
approaches. Several discriminants (age; prognosis; treatment type and duration;
personal, familial, social, and religious beliefs) contribute to the approach of both
patients and health professionals towards fertility preservation attitudes and dis-
cussions. The improved outcome of young BC patients requires new strategies
and opens new frontiers (i.e., gestational surrogacy, fertility in ABC patients, pre-
natal and pre-implantation genetic diagnosis, cost evaluation and coverage) which
can be best addressed when multidisciplinary teams include a broad range of
expertise. Oncology/breast nurses, together fertility specialists with social work-
ers and psycho-oncologists, may play an important role in facilitating these dis-
cussions [76]. Lack of knowledge and clinicians’ prejudices should not prevent
young patients with BC the best support in all the steps of their disease journey.
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4.1 Introduction

Fertility preservation is a key issue for young women and girls at high risk of ovar-
ian insufficiency because of the gonadotoxic therapies required to treat breast can-
cer (BO).

The assessment of infertility risk should be individualized for every patient and
the strategy to preserve fecundity after cancer treatment must be carefully planned
considering the patient’s age, the type of cancer, the type of treatment, the time
available for fertility preservation procedure, and the risk of ovarian metastasis.

A strict cooperation between fertility preservation specialists and oncologists is
fundamental to optimize a fertility preservation program.

According to the American Society of Clinical Oncology (ASCO) guidelines for
fertility preservation in cancer patients, oncologists should be prepared to discuss
the implications of chemotherapy on fertility with their patients as early as possible
during treatment planning, or alternatively they should refer patients to reproductive
specialists to discuss the risk of iatrogenic ovarian failure and fertility preservation
options [1].

Current strategies for fertility preservation in women affected by breast cancer
include oocyte and embryo cryopreservation, while experimental techniques are
ovarian tissue cryopreservation and the use of GnRH analogs to induce ovarian
functional suppression (Table 4.1) [2].
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4.2  Mature Oocyte and Embryo Cryopreservation

Controlled ovarian hyperstimulation (COH) with gonadotropins is needed to obtain
more than one oocyte and is a key component in the success of in vitro fertilization
(IVF), as well as in cycles aiming to preserve fertility by oocyte or embryo cryostor-
age [3]. The choice of the specific COH protocol is generally based on the prefer-
ences of each IVF unit and is influenced by the time available before the initiation
of radio-/chemotherapy. Although multiple different COH protocols have been pro-
posed, the majority of patients are treated with a GnRH antagonist short protocol,
which allows the shortest deferral of the initiation of chemotherapy [4].

Conventionally, ovarian stimulation with GnRH antagonists can be started either in
the early follicular phase or in the luteal phase [4]. The first approach requires awaiting
menses: gonadotropin stimulation begins on day 2-3 of the cycle, while GnRH antago-
nist is usually started on day 6, when the size of the leading follicle reaches 12—14 mm
[5]. Administration of a GnRH antagonist (e.g., 3 mg cetrorelix subcutaneously) in the
luteal phase, instead, induces corpus luteum breakdown and menstruation ensues a few
days later [6, 7]. Ovarian stimulation can therefore be initiated quickly and the GnRH
antagonist would be restarted later to prevent premature LH surge [7].

Recently, the introduction in the clinical practice of the so-called “random-start”
ovarian stimulation protocol has provided a further decrease of the total time
required for ovarian stimulation [4]. This novel technique is supported by the dem-
onstration of a series of three major follicle-recruiting waves during a normal men-
strual cycle, allowing to start follicular growth irrespective of the cycle phase [3]. In
fact, in the “random-start” protocol, COH can be initiated either in the late follicular
phase or in the luteal phase, following spontaneous LH surge or after ovulation
induction with human chorionic gonadotrophin (hCG) or a GnRH agonist (Fig. 4.1)
[3]. Both these ovarian stimulation strategies are as effective as conventional start
protocols [8], challenging the traditional concept that antral follicles observed in the
luteal phase have undergone atresia and are useless [8, 9].

During COH there is a potential risk that the supra-physiologic estradiol (E2) levels
could promote the growth of estrogen receptor-positive (ER+) breast cancer cells [10].
The rise in E2 is directly proportional to the number of growing follicles; for this reason,
alternative and potentially safer protocols have been introduced for these patients, includ-
ing natural cycle IVE stimulation protocols with tamoxifen (TAM) alone or combined
with gonadotropins, and stimulation protocols with aromatase inhibitors (AI) [11].

Natural cycle IVF does not allow to obtain more than one oocyte or embryo per
cycle and has a high rate of cycle cancellation due to precocious follicle rupture.
This strategy may thus result ineffective when chemotherapy is imminent and the
patient does not have a chance for a second attempt [11].

TAM is a non-steroidal compound related to clomiphene, as effective as clomiphene
for COH in anovulatory patients [12]. TAM is a selective ER modulator (SERM) with
antioestrogenic actions on breast tissue leading to inhibition of the growth of breast
tumors due to competitive antagonism of E2 at its receptor site [12]. TAM can be used
for ovulation induction starting on day 2-5 of the menstrual cycle in doses of 20-60 mg/
day; it may be used alone or in combination with gonadotropins [13]. Ovulation
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Fig. 4.1 Conventional and random-start COH. (a) Conventional start in early follicular phase,
(b) conventional start in luteal phase after luteolysis induced by GnRH antagonist, (¢) random start
in late follicular phase, (d) random start in luteal phase following spontaneous LH surge or after
ovulation induction with hCG or GnRH agonist (e)

induction with TAM for fertility preservation in cancer patients has been shown to
increase mature oocyte and embryo yield compared with natural cycle IVE, reducing
cycle cancellation rate [13]. The combination of low-dose FSH with TAM further
increased the number of cryopreserved oocytes and embryos compared with ovulation
induction with TAM alone [14]. Although E2 levels during COH with TAM are not very
low, its use in ER+ breast cancer patients is protective, due to its antiestrogenic effect on
breast tissue [13]. The safety of TAM coadministration during COH has been recently
confirmed by the assessment of persistently high serum E2 levels in premenopausal
breast cancer patients safely treated with adjuvant TAM, at up to 6 years follow-up [15].

Al such as letrozole, markedly suppress plasma E2 levels by competitively inhib-
iting the activity of the enzyme aromatase [16]. Aromatase is a cytochrome P450
enzyme complex that catalyzes the conversion of androstenedione and testosterone to
estrone and E2, respectively [17]. Centrally, Al release the hypothalamic-pituitary
axis from the estrogenic negative feedback, increase the pituitary secretion of FSH,
stimulate follicle growth, and, thereby, can be used for ovulation induction [18]. The
use of letrozole alone for ovarian stimulation has been associated with lower E2 levels
than those observed in a natural cycle [19]. Oktay tested letrozole in association with
gonadotropins and a GnRH antagonist (“COST-LESS” protocol) [14]: letrozole was
started orally from day 2 or 3 of the cycle at a dose of 5 mg day, while gonadotropins
(150-300 UI) were started 2 days later. A GnRH antagonist was added when E2 levels
exceeded 250 pg/ml or when the leading follicle reached 14 mm diameter in order to
prevent premature LH surge. All medications were discontinued the day of hCG trig-
ger, and letrozole was reinitiated after oocyte retrieval and continued until E2 levels
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fell to 550 pg/ml. The final maturity of oocytes was triggered with hCG, that, how-
ever, potentiates the endogenous production of E2 during the luteal phase, may cause
ovarian hyperstimulation syndrome (OHSS) and can cause a false-positive pregnancy
test, creating confusion when a pregnancy test is performed prior to initiation of che-
motherapy [10]. In order to circumvent these problems, hCG trigger was later replaced
by GnRH agonist trigger (1 mg leuprolide acetate), leading to significantly faster drop
in E2 levels, significantly lower rate of moderate/severe OHSS and comparable num-
ber of mature oocytes [20]. Compared to a conventional IVF protocol, the COST-
LESS protocol resulted in a significantly lower peak estradiol levels and in a 44 %
reduction in gonadotropin requirement, while the length of stimulation, the number of
embryos obtained, and the fertilization rate were similar [14].

Stimulation protocols using letrozole are currently preferred over TAM proto-
cols for patients with ER+ breast cancer who need fertility preservation because it
allows to minimize the risk of high E2 exposure [14] and of cancer recurrence [21].

Maximizing the number of embryos or oocytes cryopreserved during a fertility
preservation cycle is extremely important to increase the chance of future pregnancies:
cancer patients have shortage of time and often a single COH cycle to try [22].
Traditionally, breast cancer patients have time to undergo one cycle of COH before
initiating adjuvant chemotherapy, which typically occurs after breast surgery [3]. In the
event of a poor response, multiple cycles are often not feasible owing to time con-
straints. Unfortunately in cancer patients, both the specific malignancy and the patient’s
general conditions may have a negative impact on the response to ovarian stimulation
[23]. In breast cancer, some authors [24] reported that in BRCA1 mutation-positive
patients a low response to ovarian stimulation occurred significantly more frequently
than in patients with BRCA2 or without BRCA mutation. BRCA genes play an essen-
tial role in double-strand DNA break repair, and their mutations are associated with an
increased risk of breast and ovarian cancers [24]. In patients with BRCA mutations,
oocytes may be more prone to DNA damage, clinically manifesting as diminished
ovarian reserve, poor ovarian response to COH, or earlier menopause [25].

One of the most obvious strategies to increase the embryo and oocyte yield could
be the use of higher doses of gonadotropins [3]; surprisingly, a recent evidence sug-
gests that a high-dose FSH stimulation does not improve pregnancy outcomes, and
may be associated with a lower live birth rate [26], supporting the theory that high
doses of FSH might stimulate the recruitment of chromosomally abnormal or
incompetent oocytes [27]. Another strategy to improve oocyte yield is the early
referral (before breast surgery) that allows breast cancer patients to undergo multi-
ple COH cycles without delaying the initiation of adjuvant chemotherapy [28].

4.3  Ovarian Tissue Cryopreservation

Ovarian tissue cryopreservation (OTC) is the main option available to preserve fer-
tility in women under the age of 38 years who require urgent cancer treatments,
such as neo-adjuvant chemotherapy. OTC does not need ovarian stimulation and is
independent from menstrual cycle: it can be performed in a few days, without any
delay in the beginning of chemotherapy.
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OTC allows to retrieve and cryostore a great number of primordial follicles that are
relatively resistant to cryodamage [29]. Moreover, this technique permits to restore
endocrine function after reimplantation of ovarian tissue and is the only option for
prepubertal patients. The main disadvantage of the strategy is the need of invasive
procedures both for tissue harvesting and transplantation. Of note, OTC may cause a
further decrease of ovarian reserve as an effect of ovarian surgery. Another crucial
point is the risk of reintroducing malignant cells when transplantation is performed.

It has not yet been established whether ovarian biopsy or unilateral oophorec-
tomy should be preferable to retrieve ovarian tissue. Indeed patients who underwent
unilateral oophorectomy were reported to have a significant number of spontaneous
pregnancies; however, the removal of an entire ovary might be too aggressive, and
could reduce the ovarian reserve too much [30]. Several studies concluded that lapa-
roscopy should be considered the gold standard for ovarian tissue harvesting, although
ovarian tissue can be obtained during contingent laparotomic surgeries when these are
needed [31]. When ovarian tissue has been recovered, transport on ice from the place
of removal to the laboratory can last up to 20 h, thus allowing the creation of few
specialized centers where cryopreservation procedure takes place [32]. In the labora-
tory ovarian cortex is enucleated from the medulla and cut in small fragments. One or
two fragments are usually sent to histology. Ex vivo retrieval of mature or immature
oocytes and their vitrification (after in vitro maturation in case of immature oocytes)
is feasible and improves the efficiency of fertility preservation programs [33]. Finally
the ovarian tissue is stored in liquid nitrogen after the freezing procedure. Although
slow freezing of ovarian cortex is still applied in most fertility preservation laborato-
ries and has resulted in most of the live births after transplantation, vitrification of
ovarian tissue is an emerging focus of investigation, and the first live birth after trans-
plantation of vitrified-warmed tissue was recently reported [34, 35].

To date orthotopic or heterotopic transplantation is the only available option to
restore fertility using cryopreserved ovarian tissue, as other techniques require addi-
tional research before becoming available for humans.

The transplant is usually performed when the patient is willing to get pregnant,
with the permission of the oncologists, as the duration of ovarian tissue transplanted
is limited in time [36]. For the same reason, not all the fragments of ovarian cortex
available are thawed and transplanted at the same time, when feasible.

Transplantation can take place either into the pelvic cavity, in the orthotopic
transplant, or in alternative sites in the heterotopic transplant (Table 4.2). In consid-
eration of the low invasivity, the subcutaneous site is sometimes associated with
transplantation at the orthotopic site [37, 38].

There are essentially two techniques of orthotopic (in the pelvis) transplantation
that may be used depending on the presence or not of at least one remaining ovary. If
at least one ovary is present, the technique starts with decortication of the ovary in
order to have access to the medulla and its vascular network. Ovarian cortical pieces
are then fixed to or placed on the medulla. If ovaries were previously removed, a
peritoneal pocket to place ovarian fragments may be created. Transplantation can be
performed at the peritoneal site even if a non-functioning ovary is still in place, in
addition to the transplant at the ovarian site or as unique location [39]. Some authors
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Table 4.2 Orthotopic versus heterotopic ovarian transplantation

Heterotopic transplantation Orthotopic transplantation
Advantages Easy transplantation procedure Possibility of natural conception
Easy access for follicular monitoring | Restoration of fertility widely
and oocyte collection demonstrated
Favorable environment for follicular
development

Disadvantages | Restoration of fertility demonstrated | Invasive transplantation procedure
only in one case
IVF procedure required
Effect of the local environment on
oocyte quality unknown

performed transplantation at the ovarian site [40—42], other groups used the perito-
neal window [32, 43—46], and lastly there were some associating the two techniques
[47-53]. Transplantation can be performed either using laparotomy [40-42, 44],
laparoscopy [32, 43, 45-50, 52], or a combination of the two techniques [51], while
some authors suggest the possible use of robotic surgery [54].

Even if ovarian tissue is amenable to avascular transplantation the potential of
revascularization of the graft is the most important factor for success, because it
establishes the survival rate of the follicle pool within the graft. As for the preven-
tion of ischemic damage, Donnez proposed the “two-step” approach. During the
preparatory laparoscopy (7 days before reimplantation), he created a peritoneal
window with the goal of inducing angiogenesis and neo-vascularization in the area,
by triggering endogenous processes of new vessel formation. During the second
intervention, he reimplanted the frozen—thawed ovarian fragments where a newly
formed vascular network in the peritoneal window was clearly seen [47]. Demeestere
suggested to associate at the “two-step” technique a subcutaneous heterotopic trans-
plantation at the abdominal site; Piver and Roux suggested to add small pieces
1-2 mm of thawed ovarian cortex during the first surgery to facilitate the production
of angiogenic factors [48, 50]. As an alternative, Revel proposed the use of micro-
organs (MOs), fragments whose thickness are about 300-350 mM, that remain
viable and transcribe specific genes for long periods both in culture and when
implanted into hosts [44]. Callejo proposed to use angiogenic factors to improve the
vascularization of the implant and its quality; he used a gel preparation of PRP
(plasma rich in platelets) to impregnate the thawed cubes of ovarian tissue and to fill
the peritoneal pockets where the fragments were placed [45].

The risk of reintroducing malignant cells theoretically exists in breast cancer
patients [43]. Breast cancer can metastasize to the ovaries, more commonly in
advanced-stage cancer, even if the development of an ovarian tumor is more likely
to be of primary ovarian origin than a breast cancer metastasis [55]. A special atten-
tion should be reserved to BRCA mutation carriers.

Different studies based on the examination of cryopreserved ovarian tissue from
women with breast cancer using both conventional histology and immunohisto-
chemistry revealed no evidence of malignant cell involvement [56-58].
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On the other hand, in a large review of 5,571 female autopsies, Kyono evi-
denced ovarian metastases in 24.2 % of breast cancer patients [59]. As these
data were obtained as results of autopsies, they reflect the risk of ovarian
involvement in patients with advanced breast cancer; patients who are offered
ovarian tissue cryopreservation have a minimal risk of dissemination and ovar-
ian involvement. Anyway, the results from this study suggest that a great caution
is necessary when transplanting the tissue of breast cancer patients. A pilot
study by Donnez demonstrated that cryopreserved ovarian tissue from patients
with advanced-stage breast cancer may contain cells expressing the MGB2
gene, even if the real malignant potential of these cells is not yet known [60].
Ernst reported a legal termination of pregnancy due to breast cancer recurrence
in a patient who spontaneously conceived after ovarian tissue transplant, even
though the authors considered unlikely that the transplanted tissue had any
effect on the recurrence of cancer [61]. Apart from the possibility of tumor con-
tamination of the cryopreserved tissue, the return of natural ovarian function
may have an impact on the course of breast cancer.

For patients with a potential risk of having malignant cells in their cryopreserved
ovarian tissue, other options could be the follicle culture with in vitro maturation
[33, 62], the grafting of isolated follicles [63], ovarian tissue purging to eliminate
malignant cells [64], and artificial ovaries composed of primordial follicles com-
bined with disease-free stromal elements or placed in an alginate matrigel matrix
[65].

The analysis of the recovery of ovarian function after ovarian tissue transplan-
tation is difficult because of the lack of reports in the literature which indicate how
many patients in the world have been subjected to the procedure. Anyway the
regain of endocrine function has been described in all published cases of ovarian
transplantation, both orthotopic and heterotopic. Ovarian function has been dem-
onstrated to persist up to 7 years after transplantation with a mean duration of 4-5
years [36].

To date almost 30 live births have been reported worldwide after orthotopic
ovarian transplant [39-42, 44-53, 66-68], whereas heterotopic graft has led to
one twin pregnancy [69], a biochemical pregnancy [38], and four spontaneous
pregnancies with three live births as a result of a reactivation of the native ovary
[70]. Most pregnancies were obtained from women younger than 30 years at the
time of cryopreservation, as the age at ovarian retrieval is one of the most impor-
tant predictive factors, since the follicular reserve is age dependent. After ortho-
topic transplant, more than 50 % of women were able to conceive naturally and
this fact constitutes a good point in favor of orthotopic reimplantation. Pregnancy
outcomes were similar to those in the general population and all the babies were
healthy.

In conclusion, the effectiveness of ovarian tissue cryopreservation and transplan-
tation in terms of endocrine function and fertility restoration has been proven, and
even if still experimental, OTC is a good option to preserve fertility in breast cancer
patients when ovarian stimulation is not feasible.
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4.4  Ovarian Suppression with GnRH Analogs

A GnRH analog (GnRHa) is a molecule derived from the native GnRH by substitut-
ing some of the amino acids.

GnRH agonists initially have a flare-up effect — stimulating the release of FSH
and LH — while after chronic administration result in a downregulation of GnRH
receptors and in a long-term desensitization of the pituitary cells producing gonado-
tropins. The final effect is decreasing FSH secretion and thus suppressing ovarian
function, follicular development, and E2 secretion.

The rationale behind the use of GnRH agonists to reduce the gonadal toxicity of
chemotherapy is based on the following issues:

* Chemotherapy mostly affects tissues with a rapid cellular turnover: a state of
inhibition during exposure to cytotoxic drugs may protect the ovaries.

* Hypoestrogenism could imply a reduced ovarian perfusion and a lower dose of
gonadotoxic agents reaching the ovaries.

* Cyclophosphamide, and chemotherapy in general, alters the physiological qui-
escent status of the primordial follicles, inducing an increase in follicle activa-
tion, growth, and apoptosis. The derived damage to follicular ovarian reserve
and the consequent reduction in estrogens, inhibin, and AMH cause an increase
in FSH which further increases the accelerated recruitment of primordial fol-
licles. Inhibiting FSH release by GnRH agonists can stop this vicious mecha-
nism, otherwise called “ovarian reservoir burnout” [71]. Ovarian functional
suppression through GnRH agonist administration has to be reached before the
start of chemotherapy and should last during the entire period of cytotoxic
treatment.

The advantages of this “medical” approach are the potential preservation of the
overall ovarian function, the drug availability in every cancer care unit, and the fact
that this method does not require an invasive procedure. Furthermore, it could be
combined with other fertility preservation strategies with an expected improvement
of fertility outcome. On the other hand, a complete onco-fertility counseling should
explain to the patient the possibility of side effects related to the climacteric symp-
toms. An “add-back” therapy with estrogens, only through local formulations, could
be considered in order to improve the overall quality of life and the therapeutic
compliance.

A few data are available on the long-term efficacy of this strategy. The ASCO
and the European Society for Medical Oncology (ESMO) guidelines still con-
sider this strategy experimental [1, 72]. The potential protective effect of GnRH
agonists for the prevention of chemotherapy-induced premature ovarian failure
in breast cancer patients has been investigated in observational and phase II stud-
ies that showed an overall 91 % of reversibility. Several studies investigated the
efficacy of GnRH agonists to preserve ovarian function in breast cancer patients
candidates for chemotherapy; they were performed randomizing the patients to
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Table 4.3 Meta-analysis about the use of GnRH analogs during chemotherapy to preserve
gonadal function and fertility

Number of studies
Number of | included in the

Paper patients meta-analysis Main results (GnRHa vs. controls)

Beck-Fruchter | 345 12 91 % preserved ovarian function, 19 %

(2008) had a pregnancy

Clowse (2009) | 178 9 OR 0.68 of ovarian function preservation;
22 % pregnancy vs. 14 % in controls

Bedaiwy 340 6 OR 3.46 resumption of menses (any

(2009) improvement of pregnancy rates)

Kim (2010) 124 11 OR 10.57 in preserving ovarian function
(not significant in RCT studies)

Chen (2011) 157 4 OR 1.9 resumption of menses (any
improvement of pregnancy rates)

Wang (2013) 677 7 OR 2.83 resumption of menses

Yang (2013) 528 5 OR 0.40 of POF, similar rate of
resumption of menses

Del Mastro 765 9 OR 0.43 of POF

(2014)

receive adjuvant and/or neo-adjuvant chemotherapy in combination with GnRH
agonists vs. chemotherapy alone [73-80]. These studies reported conflicting
results. Too many variables were involved and could bias the results: target popu-
lation, type of chemotherapeutic medications, timing of therapies, patient’s age
and prognosis, baseline ovarian reserve, concomitant subfertility conditions at
time of diagnosis, duration of follow-up, definition of ovarian failure, etc. Aiming
to overcome this study heterogeneity, the results of these studies have recently
been reanalyzed in meta-analysis, and despite some controversies (Table 4.3)
they showed a benefit of the administration of GnRH agonists in the prevention
of chemotherapy-induced ovarian failure [81-88]. This benefit, however, con-
cerned the resumption of menstrual bleeding and hormonal status, reflecting the
steroidogenesis of the ovary. As for fertility, on the contrary, the efficacy of
GnRH agonists’ administration remains unproven. For this reason, the recently
published guidelines of ASCO and ESMO do not recommend this treatment for
fertility preservation, but only as a strategy for hormonal ovarian function pres-
ervation [1, 72]. Hence, the GnRH analog strategy could be proposed once inte-
grated in a wider scenario where the other fertility preservation options have to
be offered.

Conclusion

Considering the impact of infertility on long-term quality of life, all young
patients affected by BC potentially facing premature ovarian insufficiency should
receive accurate information concerning the available options to preserve their
fertility.
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5.1 Introduction

The occurrence of cancer in a pregnant woman is one of the most distressing medical
experiences [2]. The woman, the attending gynaecologist and the medical oncologist
are faced with a frightening diagnosis which is made even worse since it involves two
subjects: the mother and the baby. In some situations there may be a conflict between
the two [24, 25], but in most cases such a conflict is only apparent [31] and the mother
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can be treated in the most effective way with no disadvantage to the baby [3, 4]. Various
malignancies can appear in pregnancy [6, 7, 11, 13, 24, 25, 29, 31]: we will focus on
breast cancer.

Several articles have been published that give an authoritative opinion on this
subject [1, 2, 6,7, 21, 22, 28], and the reader is referred to such papers for a detailed
description of specific items.

The aim of this chapter is to describe a reasonable approach to treat breast cancer in
the different phases of pregnancy: good results can only be obtained through the collabo-
ration of all involved specialists [3, 4], and in this situation it becomes particularly evident
that doctors must care for the mother and for the baby, not only treat the tumour [28].

The need to choose the essential diagnostic exams and to limit unnecessary treat-
ments provides an excellent opportunity to evaluate the real use of many procedures
that are routinely used in non-pregnant breast cancer patients with no really sound
rationale. The same applies to the choice of anticancer agents: in several cases the
advantage given by a new drug may be clinically negligible and still cause major
toxicity. It is therefore advisable to choose wisely in order to use only agents that
will be of real use to both the mother and the foetus.

5.2 Incidence

Cancer during pregnancy is still an unusual event, but unfortunately it is becoming
more common and doctors must be prepared to face such a diagnosis.
Childbearing in western world is often postponed by women who choose to fulfil
their personal and professional objectives before seeking a pregnancy and accepting
the responsibilities it implies.
Age at first delivery therefore overlaps the age at which breast cancer incidence
starts to rise sharply, and the two situations may occur simultaneously.

5.3 Diagnosis

Data collected from oncological centres that have a large experience in the treat-
ment of breast cancer in pregnancy show that diagnostic delay is almost inevitable.
Doctors must consider the possibility of cancer when visiting pregnant women with
uncommon breast findings. The physiological and anatomical modifications occur-
ring in the breast during pregnancy may simulate, or mask, a malignant nodule. In
both cases, the identification is more difficult.

5.3.1 Clinical Symptoms

The most common symptom of a malignant breast tumour in pre-menopausal
women is the appearance of a non-painful lump: more rarely the first sign is a pal-
pable axillary node. It is of course difficult to distinguish a benign nodule (typically
a fibroadenoma) from cancer based on physical examination, and clinicians must
always keep in mind the possibility of a non-benign lesion.
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5.3.2 Reasons for Diagnostic Delay

A growing nodule in the breast is difficult to interpret in a pregnant woman,
when the whole body and the breasts in particular undergo relevant changes in
size and in consistency. The low incidence of breast cancer in young women
and, in a certain sense, the more or less unconscious refusal of diagnosing a
malignant tumour in a pregnant woman will often result in a missed or delayed
diagnosis.

5.3.3 Radiology

Ionising radiations are among the best known mutagenic and teratogenic agents:
their use during pregnancy should be limited to a minimum, or rather avoided
whenever possible. Mammography using a radiological shelter to protect the uterus
is feasible and safe for the foetus: this technique has the highest sensitivity to detect
microcalcifications. Its use in pre-menopausal women is however less effective than
in older patients. In pregnant women this exam can generally be postponed and
performed after delivery. Contrast agents also raise some concerns about safety for
the foetus. We therefore totally agree that in pregnant women “imaging should be
used ... only when the benefits outweigh the risks” [38].

5.3.4 Ultrasound

Even if ultrasound scans do not have any role in screening, they provide a detailed
evaluation of size and of other characteristics of breast nodules. Furthermore,
Doppler techniques add reliable indications on blood flow making a differential
diagnosis between benign and malignant lesions easier.

5.3.5 Magnetic Resonance

This technique does not involve the use of ionising radiations and is therefore not
contraindicated, but the information it provides is generally not essential for treat-
ment and this exam may be avoided in pregnant women with breast cancer. The
main issue remains the false-positive rate during pregnancy and the potential foetal
toxicity of gadolinium.

5.3.6 Biopsy

A tumour sample suitable for histological examination can be easily obtained by a
core needle biopsy. In most cases the amount of tissue is sufficient to perform not
only basic histological analysis, but also to obtain information about the biological
features of the tumour, such as hormone receptor status, HER2 overexpression or
amplification and proliferation rate.
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Local anaesthesia implies no danger to the mother nor to the baby, and even
general anaesthesia (which is generally not required for diagnostic purposes) can be
safely performed during pregnancy.

Fine needle aspiration, due to cellular changes in the breast caused by hormones,
may be difficult to interpret and is therefore not recommended [2].

5.4 Prognosis

Breast cancer that occurs during pregnancy is not intrinsically and biologically dif-
ferent from the same disease occurring in non-pregnant women. A recent paper
compared the biological characteristics (grading, hormone receptors, proliferative
index and HER?2 overexpression) and did not find any relevant difference between
cancers occurring in pregnancy when compared with breast cancer in a comparable
population of young women. The histological and biological modifications that
occur in the breast, however, might justify the worse prognosis of breast cancer
presenting during pregnancy or shortly after delivery [8, 35].

The main difficulty in management and the worse results that are often reported
possibly derive from the diagnostic delay which is mostly due to the reasons
described above.

5.5 Treatment Options

The choice of the appropriate treatment requires sound oncological and obstetrical
competence: abortion may appear as the most sensible choice in order to give the
mother the best opportunities. Even if this may be tolerable when cancer is diag-
nosed in the first trimester of pregnancy, termination may not be necessary in later
phases. Let us stress how clinical expertise may solve any moral issue.

The risk associated with anticancer treatment depends on the phase in which
cancer is diagnosed. Surgery can be safely performed even in the first weeks. Syst
emic medical treatment with anticancer drugs is certainly more dangerous, but it
should be considered that the placenta protects the baby and effectively prevents
foetal exposure to circulating anticancer agents. Placenta, however, does not give
any protection from ionising radiations.

5.5.1 Surgery

The most reliable evidence on the safety of surgery (and of general anaesthesia) in
pregnancy derives from the large number of procedures that have been performed in
pregnant women for emergencies. Breast surgery, if clinically indicated, is therefore
feasible. The reason why surgical removal of breast cancer is generally not performed
during pregnancy is linked to the treatment strategy that is preferentially based on a
pre-operative (neoadjuvant) chemotherapy. Surgery is therefore often delayed and
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performed after delivery. Not only is breast surgery feasible during pregnancy: it must
be stressed that any type of procedure is possible. There is no reason to consider mas-
tectomy as the procedure of choice: partial breast removal, if indicated, can be safely
performed in a pregnant woman. Radiotherapy to the breast (and to adjacent tissues if
indicated) can then be safely delayed and administered after delivery (see below).

Sentinel lymph node analyses performed in non-pregnant women showed that
the dose of radiation that the foetus would receive as a consequence of radioactive
identification of an axillary lymph node is very low [15, 16, 34], so there is no rea-
son to withhold this procedure in pregnant women if clinically indicated.

5.5.2 Radiotherapy

Radiotherapy has evident mutagenic and teratogenic effects that are particularly
dangerous in the first trimester [19]. Concerning breast cancer treatment, in princi-
ple it is possible to administer radiotherapy to the breast and effectively shield the
uterus and therefore the baby, but this is not performed in clinical practice. What we
actually see is that pregnant women receive adjuvant chemotherapy after surgery
for 12-16 weeks. Similarly to what is implemented in non-pregnant women, adju-
vant radiation is preferentially administered after the end of chemotherapy and
therefore after delivery.

5.5.3 Chemotherapy

Most traditional anticancer agents act by inhibiting the proliferation of malignant
cells, but they cannot distinguish between normal and cancer cells. Foetal growth is
mostly due to processes of cell proliferation that are identical to those used by can-
cer cells. Foetal tissues are therefore especially sensitive to antiproliferative treat-
ment [20]. Even agents that have no antiproliferative activity may cause serious
damages to the developing baby. Thus, it is easy to understand that for a long time
doctors refused to administer chemotherapy, or specific anticancer agents [21], to
pregnant women.

Nonetheless, this principle has been challenged in recent years [22].

Today there are enough clinical evidences, supported by pre-clinical data, that
confirm the protective role of the placenta in reducing foetal exposure to toxic
agents. This organ is able to filter maternal blood and to actively block the passage
of chemotherapy drugs, particularly those which are substrates for ABC transport-
ers. These observations were then combined with pharmacological data that sug-
gested that the best way to exploit the protective role of the placenta would be to
avoid high peak plasma concentrations also considering the altered pharmacokinet-
ics of anthracyclines in pregnant women [33, 36, 37]. This is the rationale behind
the choice of weekly drug administration: the lower dose administered in compari-
son with a protocol involving a 21-day cycle is definitely less toxic to the baby
while the antitumour activity is equivalent [27]. Combination chemotherapy, which
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is the standard for non-pregnant women, can also be used during pregnancy [18]
even if monotherapy is generally preferred. Anthracyclines [3, 4, 23, 33] and tax-
anes [12, 39, 40] are among the most widely used traditional anticancer agents.

It is important to note that when talking about “chemotherapy” we must also
include drugs administered to reduce the unpleasant side effects of treatment, par-
ticularly vomiting. Serotonin receptor antagonists, particularly ondansetron, may be
safely used during pregnancy [26], while steroid administration should be limited
and methylprednisolone rather than dexametasone should be used for its lower
transplacental transfer.

5.5.4 Hormonal Treatment

The idea of chemotherapy during pregnancy raises an obvious concern, but it is
important to consider that hormones may be as dangerous to the foetus. No hor-
monal agent (tamoxifen [10] or oestrogen receptor modulators, aromatase inhibi-
tors, inhibitors of LH release) can be used during pregnancy. They should not be
used during lactation either.

5.5.5 Biological Agents (Trastuzumab, Lapatinib)

These are the anticancer agents most recently introduced in clinical practice and
they are often considered less toxic than traditional anticancer agents. Trastuzumab
is the only “biological” agent that has been extensively used for adjuvant treatment
of breast cancer during pregnancy, but unfortunately and rather unexpectedly it
proved too toxic for use in this setting since it causes oligo- or anhydramnios [5-7,
39, 40]. At the moment safety concerns, also based on pre-clinical data [30], suggest
that systemic biological agents should not be used during pregnancy as even intra-
vitreal injections raised concerns [17].

5.5.6 Metastatic Disease

Treatment of metastatic disease is included in this paragraph since almost by defini-
tion it can only be treated by systemic therapy. Radiotherapy can be used for pallia-
tion of specific symptoms due to bone involvement or to brain metastases. Readers
are referred to other publications that give more details on the treatment of meta-
static breast cancer during pregnancy [3, 4]. We will focus on specific problems
encountered in this condition.

While localised breast cancer implies a relatively good prognosis and treatment
is relatively standardised, the approach to metastatic disease is more heterogeneous.
Treatment must be tailored on the basis of prognosis, of the potential damage to the
foetus and of the real benefit that can be offered in terms of survival and of symp-
toms palliation. Some specific problems do exist and imply, for example, the need
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to maintain an adequate liver function in order to allow foetal growth. It is not our
aim to discuss rare and dreadful situations that can occur, but again we want to give
an indication on reasonable approaches to pregnancy complicated by metastatic
breast cancer.

The patient must be informed about the prognosis, the real objective of chemo-
therapy and by the possible foetal toxicity. In specific situations, when cancer is
diagnosed relatively early during gestation, it may be reasonable to delay chemo-
therapy in a metastatic but asymptomatic patient.

Therapy does not substantially differ from what has been suggested for localised
cancer: weekly anthracyclines or paclitaxel are effective and safe treatments that
show excellent antitumour activity.

5.6 Attitudes

As already mentioned, cancer treatment in pregnancy requires a careful balance
between the necessities of the mother and the protection of the foetus. As these
undergo relevant variations during the different stages of pregnancy, the best treat-
ment varies during the course of treatment.

5.6.1 First Trimester

This is the most delicate phase of foetal development and at the same time postpon-
ing treatment until after delivery is hardly acceptable. On the other hand, chemo-
therapy and radiotherapy administered in this phase are associated with the highest
risk of serious foetal malformations. For this reason, pregnancy interruption is gen-
erally suggested as the most sensible approach. In motivated and well-informed
patients with metastatic disease, as already mentioned, it may be possible to delay
treatment for some weeks waiting for a phase of foetal development that does not
contraindicate chemotherapy.

5.6.2 Second and Third Trimester

During this phase organogenesis is mostly completed and tissues are less sensitive
to the antiproliferative effect of drugs. At the same time the placenta is more effec-
tive as a filter and protects the foetus. It is therefore possible to administer chemo-
therapy, starting from the 16th week of pregnancy, up to 35th. After this time it is
generally possible to induce delivery as the baby is now sufficiently mature.

Even if a gestational age of 32 weeks is usually sufficient for a good neonatal
outcome in terms of survival, subtle anomalies in neurodevelopment have been
described even for late premature babies, that is, babies born between 34 and 36
weeks. Thus, a wise balance between anticipated delivery and maternal wellbeing
should be pursued.
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5.7 Foetal Outcomes

A reason of concern about administering chemotherapy during pregnancy is the
possibility of long-term effects on physical and psychological development.
This is particularly worrying since acute toxicities are relatively easy to iden-
tify, while long-term toxicities require a careful and prolonged follow-up. This
painstaking work has however been carried out and all the evidence suggests
that children exposed to chemotherapy in utero do not show any developmental
impairment.

At present, the most important aspect is to avoid what was properly defined as
“iatrogenic prematurity” [36, 37]. Careful obstetrical monitoring should be carried
out in order to prolong pregnancy. Early delivery, rather than chemotherapy, seems
to be the principal cause of altered development observed in some studies.

5.8 Breastfeeding

Most agents administered to lactating women can be excreted in milk, and che-
motherapy or hormonal agents are no exception. Some anticancer drugs can be
administered in reduced doses at weekly intervals (a schedule often used for
anthracyclines and for taxanes) or as a continuous infusion (which actually only
applies to fluorouracil) and plasma concentrations and therefore milk concentra-
tions are very low [9, 14]. The drugs ingested by the baby through breastfeeding
undergo liver passage and presumably extensive degradation. No data are how-
ever available concerning the ability of the immature liver to effectively degrade
ingested molecules even if some reassuring data are available for thiopurine [14].
It is therefore advisable that women undergoing chemotherapy do not breastfeed
their children [32].

It must be stressed, however, that this veto is only limited to the time during
which medical treatment is administered. This does not extend to successive preg-
nancies and it may be worth underlining here that a previous chemotherapy, and
even radiation therapy to the breast, is by no means a reason to prevent lactation at
a later time.

The possibility of pregnancy after cancer is extensively discussed in a different
chapter and will not be further analysed here.

Conclusions

The occurrence of cancer during pregnancy remains a challenging experience for
the woman and for the attending physicians. Making a decision sometimes
implies choosing between the interest of the mother and that of the foetus, but
this situation is actually much less frequent than generally imagined. All doctors
involved in caring for a pregnant woman with cancer (obstetricians, oncologist,
paediatrician) must be fully aware of all the therapeutic possibilities available.
This is a fundamental requirement to avoid unnecessary damage to the foetus and
offer the best treatment to the mother.
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6.1 Introduction

Receiving cancer diagnosis can be devastating for many patients but thanks to
advances in cancer therapies it is not a death sentence anymore. Cancer survival rates
are increasing and life after cancer is a real chance for many patients worldwide. In
Europe, about one third of cancer patients have a relative 5-year survival rate greater
than 80 % [1]. Similar survival rates are seen in the United States, Canada and
Australia. Lower survival rates in developing countries are most likely due to late
diagnosis and limited availability of up-to-date standard treatments [2, 3].

In Italy, every day about 30 new cases of cancer are diagnosed in patients below
the age of 40 years and many of them are women with breast cancer. About 10 % of
breast cancer diagnosis occurs in patients younger than 40 years [4].

Breast cancer in young women is frequently more aggressive than tumours diag-
nosed in older women. Often metastases at loco-regional lymph nodes are detected
at diagnosis and biological and molecular characteristics identify phenotypes at
poor prognosis [5]. As a consequence, systemic treatments in addition to local ther-
apy are frequently recommended. In spite of this, poorer survival rates and higher
risk of recurrence are reported in these subgroup of patients [6].

Thanks to adjuvant therapies, overall and disease-free survival are improving
over time and most of the patients long survive to breast cancer. Chemotherapy and
endocrine therapy extend time to recurrence but, on the other hand, bring about
many short- and long-term side effects. Among them, ovarian failure with
premature menopause is particularly relevant to young women. In the last few years,
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a trend towards delaying pregnancy to later in life has been observed and many
women receive a diagnosis of breast cancer before completing their families [7]. In
Italy, the frequency of pregnancy in women aged 35 years or more was 12 % in
1990, 16 % in 1996 and it is estimated that will amount to 25 % in 2025 [4].
Diagnosis and treatment of breast cancer often threaten fertility. Guidelines high-
light the importance of discussing with patients the gonadotoxic effect of antineo-
plastic treatments and the risk of fertility loss as well as the available fertility
preservation strategies, in addition to the chances of future conception, pregnancy
and breastfeeding [8, 9].

An internet-based survey reports that more than 50 % of women at the time of
diagnosis of breast cancer have fertility concerns [10], but less than 10 % of women
with previous breast cancer subsequently become pregnant. This is around half the
pregnancy rate seen in age-matched group without breast cancer [11]. Several stud-
ies showed that fertility counselling remains inadequate and lacks of a standardised
approach [12]. The fear that pregnancy after breast cancer could worsen the progno-
sis does interfere with the reproductive desire of young women and impairs future
conception.

There is increasing evidence in favour of the feasibility and the safety of preg-
nancy and breastfeeding after breast cancer; therefore, women with a history of
successfully treated breast neoplasm should be given the possibility to conceive and
get mother.

6.2 The Relationship Between Breast Cancer and Pregnancy

Many scientific evidences link pregnancy and risk of breast cancer. Several epide-
miological studies showed a protective effect of pregnancy against breast cancer.
The protection does not take place immediately: for a few years after pregnancy,
there is a transient increase of breast cancer incidence. This dual effect of preg-
nancy on breast cancer incidence, with an increased risk for about 5-10 years after
a pregnancy, followed by a lifelong protective effect, was described in a large
population-based study from Norway. This study reported an increase of breast
cancer incidence lasting 3 years after a full-term pregnancy, followed by long-term
reduction of risk [13].

Another Norwegian registry-based study investigated the relationship between
breast cancer prognosis and reproductive factors among 16,970 parous women with
invasive breast tumour [14]. Analysing the relationship between parity, age and
breast cancer outcome, it was observed that when diagnosis occurs before the age of
50 years, survival is worse in women with high parity compared with those with low
parity. This is likely due to a combination of genetic factors, molecular characteris-
tics of breast tumours in young patients and hormonal milieu. No clear-cut associa-
tion was observed between parity and breast cancer survival when diagnosis occurs
in women who were 50 years or older.

Several studies tried to explain this time-dependent effect of pregnancy on breast
cancer risk. Molecular studies linked postnatal mammary involution process with
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susceptibility to neoplastic evolution. It is hypothesised that angiogenesis, alteration
of extracellular matrix and inflammatory process are involved in this mechanism.
The stroma of the mammary gland is greatly modified depending on endocrine sta-
tus and reproductive factors. Post-lactational tissue remodelling may provide a
break in the natural stromal barriers that suppress tumour cell motility and invasion
with increased risk of tumour progression [15]. Another hypothesis involves mam-
mary stem cells. In mouse models, it was observed that mammary stem cells are
highly responsive to steroid hormone signalling, despite their ER and PgR pheno-
types. Following pregnancy, it was registered a transient increase in the number of
mammary stem cells, which may indicate a cellular basis for the short-term increase
in breast cancer risk [16].

Pregnancy-related hormonal changes seem to be involved particularly in the
long-term protective effect. Preclinical models demonstrated that high doses of
estradiol induce apoptosis in long-term deprived, ER-positive breast cancer cell
lines [17]. Activation of caspases via the Fas/Fal pathway appears to be involved in
the promotion of apoptosis due to estradiol. The long-term oestrogen deprivation
seems to sensitise breast cells to estradiol pro-apoptotic effect, with a reduction of
number and growth of cancer cells in vitro. Response to estradiol depends on the ER
subtypes expressed by the cells. Breast cells expressing ER-f undergo apoptosis,
whereas cells expressing ER-a are protected from apoptosis. A comparative study
analysed the oestrogen receptor (ER) expression in nulliparous and parous women.
Compared to nulliparous women, a lower expression of ER-a and a higher expres-
sion of ER-} was observed in parous women [18]. Other authors suggested the fetal
antigen hypothesis. Clinical studies found that a high percentage of parous women,
but not nulliparous women, show evidence of immunisation to antigens located on
breast cancer cells. Fetal cells and breast cancer cells share common antigens: the
immune response exerted by maternal immunity against fetal cells may be extended
against cancer cells [19].

6.3  Pregnancy After Breast Cancer

Several case-control and population-based studies have been performed with the aim
of understanding the prognostic impact of pregnancy after breast cancer. None of
these studies demonstrated a negative impact of a subsequent pregnancy [20]. In
particular, a meta-analysis was performed to investigate the impact of pregnancy on
overall survival of women with previous breast cancer [21]. Fourteen studies were
included in the meta-analysis, with a total number of 1,244 patients who became
pregnant after breast cancer and 18,145 patients who did not. It was observed that
women who became pregnant after adequate treatments for breast cancer had a sta-
tistically significant improvement in overall survival as compared to the control
group [pooled relative risk (PRR): 0.59; confidence interval (CI): 0.50-0.70].
Analysing each study singularly, 8 studies reported a significant survival advantage
for subsequent pregnancy, whilst the remaining 6 studies showed a not statistically
significant trend in favour of pregnancy.



74 N. Biglia et al.

Studying the impact of pregnancy on prognosis, the “healthy mother effect” must
be kept in mind. This is a relatively old concept introduced by Sankila in 1994, to
explain a potential confounding factor in the interpretation of the observed effect of
pregnancy in women with cancer [22]. It expresses the possibility that those women
who got pregnant after breast cancer are a subgroup of patients free of relapse and
healthier than the others. This could introduce a selection bias: women who become
pregnant after breast cancer have better survival because they belong to a subgroup
of patients with good prognosis, independently and not because of a protective
effect of the pregnancy.

In the previously cited meta-analysis, a subgroup analysis in order to overcome
this bias was performed. The outcome of women with pregnancy after breast can-
cer was compared with the outcome of controls who were known to be free of
relapse. A not statistically significant trend favouring pregnancy after breast can-
cer was still observed [21]. Even if selection bias may partially contribute to the
risk of death reduction, it seems still reasonable to conclude that pregnancy is safe
in women with a history of breast cancer and does not increase the risk of
recurrence.

In spite of this, a possible negative impact of pregnancy on breast cancer
prognosis, particularly in patients with endocrine-responsive tumour, is still of
concern. Recently, a study with the aim of investigating the effect of pregnancy
in women with breast cancer according to oestrogen receptor status was con-
ducted by Azim et al. [23]. In the three subgroups (oestrogen receptor-positive
cohort, oestrogen receptor-negative cohort and all patients) no difference in
disease-free survival was observed between women who become pregnant and
those who did not conceive. Further, the pregnant group had better overall sur-
vival, again with no interaction observed according to ER status [23]. In sum-
mary, the study indicates that pregnancy is not protective against a relapse in
patients with endocrine-sensitive tumour, but at the same time it does not exert
a detrimental effect.

A further point of discussion is the time interval between the end of antineoplas-
tic treatments and pregnancy. Several studies analysed this relationship with incon-
sistent results. A significant survival improvement was observed only for women
who conceive after 24 months or more (Table 6.1). A not significant protection was

Table 6.1 Cox’s proportional hazard model for survival in women with breast cancer with time-
dependent variable stratified by time from diagnosis

Time to subsequent Hazard ratio (95 %
pregnancy (months) | Beta coefficient P value CI)

<6 0.79 0.579 2.20 (0.14-35.42)
6-24 -0.80 0.135 0.45 (0.16-1.28)
>24 -0.74 0.009 0.48 (0.27-0.83)

(Each stratified model adjusted for age, lymph node status, and tumor size)
Modified from Ives A. et al. Pregnancy after breast cancer: population-based study. BMJ
2007;334:194
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observed for women who delayed pregnancy for at least 6 months [24]. A large
population-based study corroborates the theory that the risk of dying decreases with
increasing the gap between diagnosis and childbirth [25].

The optimal timing of pregnancy after breast cancer is still undefined and the
decision depends on patient’s prognosis, age and personal condition. Because of the
reassuring studies on patients who get pregnant 2 years and more after breast cancer
and the observation that recurrences occur more frequently in the first few years, a
delay of 2-3 years is conventionally recommended.

This time interval would also allow to recover from chemotherapy-induced ovar-
ian toxicity. Women with ER-negative breast cancer should be advised to wait at
least 6 months from the end of treatments before conceiving, to avoid the possible
toxic effect of chemotherapy on growing oocytes.

As to ER-positive breast cancer, current guidelines recommend at least 5 years of
endocrine therapy [26]. Furthermore, recent evidence suggests that 10 years of
tamoxifen confer even greater protection [27]. Because of the teratogenetic effects
of tamoxifen, pregnancy during endocrine therapy is contraindicated and an off-
therapy period of 3—6 months is recommended before conceiving. But the reproduc-
tive potential is declining year by year, because of the physiological loss of ovarian
reserve and the harms of chemotherapy. The feasibility of a temporary break of the
hormonal therapy allowing to conceive and have a full-term pregnancy, with subse-
quent completion of endocrine treatment is under investigation. A prospective study
of the Breast International Group and North American Breast Cancer Group (BIG-
NABCQG) is currently ongoing, investigating the clinical and biological features
contributing to a safe and successful pregnancy in ER-positive breast cancer
patients. The analysis will focus on both oncological outcomes (local and distant
recurrences and survival) and obstetrical outcomes (spontaneous abortion, preterm
delivery, intrauterine growth restriction, low weight at birth, fetal malformations).
Secondary endpoints of the study are the feasibility and the impact of a temporary
break of endocrine therapy to allow conception and the optimal duration of subse-
quent hormonal therapy after delivery and breastfeeding [28].

6.4 Obstetrical and Neonatal Outcome

One of the unnamed concerns that patients face is the fear of a potential teratogenic
effect of antineoplastic treatments on the offspring. Few data are available on birth
outcomes in breast cancer survival; however, no excess risk for the newborn health
is suggested [28].

Some studies found a higher rate of abortion than in general population. This
information may be biased because most of the studies did not discriminate between
spontaneous and induced abortion. When this issue was considered, the risk of
spontaneous abortion did not seem to be higher in breast cancer patients than in
general population. On the contrary, the rate of induced abortion is consistently
higher, suggesting that uncertainties of patients and physicians about safety of preg-
nancy after breast cancer often lead to dramatic choices [29]. Studies comparing
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disease-free survival in patients who completed their pregnancy to term and patients
who had an abortion found a not statistically significant trend towards better out-
come in women who had a full-term pregnancy [23].

Two large studies assessed the obstetrical and neonatal outcomes of pregnancies
following breast cancer. A Danish nationwide cohort study investigated whether
maternal breast cancer affects birth outcome [30]. Data about pregnancies of 216
women with a history of breast cancer were matched with a comparison cohort of
10,453 women belonging to general population. Similar rates of low birth weight,
stillbirth and congenital abnormalities were observed in the two groups. A small and
not statistically significant higher preterm delivery rate was observed in the breast
cancer cohort. Mean birth weight was nearly 3,400 g in both groups, as well as mean
gestational age at delivery. Different findings were reported in a Swedish cohort study
aiming to assess delivery risk and neonatal health [31]. Data were extrapolated from
the Swedish Medical Birth Registry and the Swedish Cancer Registry, including 331
mothers with a history of breast cancer and 2,870,518 mothers belonging to general
population. An increased risk of delivery complication, caesarean section, preterm
delivery and congenital malformations and no difference in low birth weight rate at
delivery was observed. Authors conclusion is that pregnancy after breast cancer
should be considered at high risk and therefore managed and surveilled accordingly.

Usually women with previous breast cancer are more likely to give birth at an
older age than the general population. Both studies point out this difference in
maternal age. About 50 % of women in breast cancer cohort are 35 years old or
more at delivery, with a mean age of 34 years, whereas in the comparison group the
figures are 11 % and 28 years, respectively [30, 31]. It is well known that pregnancy
at an old age is more susceptible to many comorbidities and complications as gesta-
tional hypertension, preeclampsia, gestational diabetes and other conditions that
bring about high risk for pregnancy outcome and require special surveillance. This
may partially explain the slightly higher rate of pregnancy complications reported
in the Swedish study, but uncertainties still exists.

6.5 Breastfeeding After Breast Cancer

Many factors, such as personal, cultural, social and environmental factors, influence
women’s decision about breastfeeding. Beyond these, breast cancer survivors face
unique physical and emotional factors that might impact their decision and ability
to breastfeed.

A qualitative research explored by an interview the experience and the feelings
about breastfeeding in a selected group of breast cancer survivors [32]. Generally,
patients alleged the wish to breastfeed, but also anxiety and concerns about doing it.
This highlights the need of prenatal education and information to prepare the pro-
spective mother to the challenges of breastfeeding. Breast cancer survivors alleged
physical and emotional problems, mainly because they had to rely primarily or
entirely on one breast. Treatments for breast cancer can affect lactation. Proximity of
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the surgical incision to the nipple-areola complex, dose and type of radiation therapy
may reduce or inhibit lactation. Thus, many patients can breastfeed from the untreated
breast only, with consequent uncertainty about whether or not the milk supply would
be sufficient for the infant [32]. Failure to nurse from one breast should not affect the
use of the other and the mother should be reassured about the adequacy of milk pro-
duction by a single breast, sufficient for the nutritional need of the newborn.

Another survey analysis was performed investigating the breastfeeding patterns
and habits in breast cancer survivors [33]. Hypoplasia and hypotrophia of the oper-
ated and irradiated breast were observed, with consequent reduced milk production,
nipple pain, physical changes and discomfort during latching. Furthermore, a previ-
ous mastectomy was associated with short-lasting breastfeeding. This is not only
justified by the fact that these patients have a single breast to nurse their babies, but
also women with previous breast conserving surgery used one breast only for lacta-
tion. A possible alternative explanation is that body image plays an important role
in the success of breastfeeding, and breast-conserving surgery, in spite of mastec-
tomy, may reinforce the feeling of maternal adequacy. A proper breastfeeding coun-
selling is a key factor for successful and prolonged breastfeeding in breast cancer
survivors. This experience often brings about a psychological rehabilitation and
patients express satisfaction to have been able to breastfed their babies, even if it
required efforts and sometimes milk supplement.

These results enlighten the reasons of breast cancer survivors to breastfeed and
the challenges which they will face and concern them. It is of the utmost importance
that physicians provide practical and continuous support to the mother, especially
during the postpartum period.

Beyond feasibility the safety of breastfeeding after breast cancer treatment
remains an open question. Several studies have demonstrated the protective effect of
breastfeeding on breast cancer risk in general population. A meta-analysis including
data from 47 epidemiological studies, evaluating the relationship between breast-
feeding and breast cancer, has demonstrated a 4.3 % reduction of the relative risk of
breast cancer for each year that a woman breastfeeds [34]. In order to reduce biases,
stratifications for age, parity, ethnicity and age at first delivery were performed,
matching women who breastfed and who did not breastfeed on the basis of the same
characteristics. The conclusion was that the benefits are statistically significant and
breastfeeding should be encouraged.

While there is evidence that breastfeeding reduces breast cancer incidence in
general population, there are no solid epidemiological data about breastfeeding
after breast cancer. A retrospective case-control study investigated the survival rate
of patients treated for breast cancer who subsequently became pregnant [35]. A
recent re-analysis of those data was performed, specifically focused on the role of
breastfeeding. A better survival was suggested in women who breastfed. These data
could be biased, but it may be supposed that breastfeeding does not have a detrimen-
tal effect on breast cancer outcome [36].

The mechanisms underneath the association of breastfeeding and reduction of
breast cancer incidence are not known. Several hypotheses were expressed in vari-
ous studies and were synthesised in a review article [36]. Some data suggest that
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lactation may reduce the carcinogens level in the breast. Another hypothesis is the
suckling-related blockage of the hypothalamus-pituitary axis leading to lactational
amenorrhoea. From animal models, it was hypothesised that differentiation of the
mammary gland as observed during pregnancy and lactation protects from neoplas-
tic evolution. The role of prolactine has been widely studied but with conflicting
results, and the impact of this hormone on initiation and promotion of breast cancer
in humans remains unclear.

Epithelium changes and stromal activation which occur in remodelling breast
tissue may be associated with a temporary increase in breast cancer incidence. This
observation recommends a thorough follow-up of women with history of breast
cancer after pregnancy or lactation. Patients and physicians often tell of the fear of
a delay in diagnosis in case of tumour recurrence. Lactation does not interfere with
clinical and radiological evaluation of the breasts. Ultrasound exam can be safely
performed and in case of suspicion, mammography or breast magnetic resonance
imaging can be performed after having drained the lactating breasts [36].

Despite uncertainty, the benefits of breastfeeding to the baby and the mother are
well established. Newborns who are breastfed are protected from infections in the
short period and are less susceptible to develop autoimmune diseases and metabolic
disorders at adult age. Furthermore, a benefit in neurocognitive development of the
baby breastfed has been suggested. Breastfeeding bears several advantages for the
mother as well. Women who breastfeed have better control of postpartum bleeding,
return swiftly at the usual weight and are heavily gratified by the emotional bond
which is created with her baby.

In conclusion, current evidence suggests that breast cancer survivors who wish to
breastfeed, should be encouraged and supported in their efforts.

6.6 Childbearing Attitudes of Young Breast
Cancer Survivors

Many studies have shown that pregnancy and parenthood are two important issues
for young women with breast cancer. As breast cancer-related mortality declines,
the impact of anticancer treatments on reproductive potential is getting more rele-
vant, and fertility impairment may worsen the quality of life in a growing number of
patients. For some young breast cancer survivors, the threat to their childbearing
plans has major emotional and psychological consequences. Literature and clinical
practice demonstrate that some women remain fertile and have a spontaneous preg-
nancy after a history of cancer. Additionally, the advent of advanced assisted repro-
ductive technology within the oncology field has made fertility preservation an
option for women, prior to the initiation of treatments. As known, other options are
available for infertile women, such as adoption and third-party reproduction, but
most couples crave biological offspring.

Several studies showed that the risk of early menopause and infertility are causes
of concern for about the half of young women who receive breast cancer diagnosis.
Some patients reported that this fear conditioned treatment decisions [37]. Infertility
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in cancer patients is associated, more frequently than in general population, to anxi-
ety, depressive symptoms and sexual impairment which have a negative impact on
the quality of life.

But even when fertility is preserved, other concerns upset breast cancer
patients. Women fear that the child might be born with a birth defect because of
the chemotherapeutic agents they received. They are anxious about a shorter life
expectancy and are afraid of having not enough energies to raise children.
Furthermore, women feared that the offspring would have a greater susceptibility
to cancer [38].

On the other hand, some patients perceive the benefits that could be achieved by
having children after breast cancer treatment. Raising a child can be a powerful
motivator to stay alive and healthy, it may strengthen the relationship with the part-
ner, it brings back normalcy in their life and it would restore the sense of femininity
and sexuality [39]. Breast cancer survivors who are disease-free often feel healthy
enough to consider a pregnancy. This is called a reasonable wellness, which may
express the ethical guide into the difficult choice of getting mother.

In clinical practice, gynaecologists and oncologists are frequently faced with the
issue of educating women about childbearing after breast cancer. However, some
studies suggested that these professionals often feel discomfort and lack of knowl-
edge about how to best educate women with cancer-related fertility matters, leaving
women’s fertility concerns poorly addressed. Attending physicians may perceive
the fertility preservation as a low priority issue, compared with the treatment of
cancer or they could fear that fertility preservation techniques may dwindle the
efficacy of anticancer treatments. Presently, there are guidelines stressing the need
to communicate with and educate young patients regarding fertility issues.
Oncologists should refer interested and appropriate patients to reproductive special-
ists as early as possible, to allow a rapid access to fertility preservation strategies
and to avoid delaying the chemotherapy onset [8, 9].

6.7  Breast Cancer, Pregnancy and Breastfeeding
in BRCA1/2 Mutation Carriers

Reproductive factors influence the risk of breast cancer in the general population,
but few data are available in the selected group of women with mutations in BRCA1
and BRCA2 genes. BRCA1 and BRCA2 are tumour suppressor genes which are
involved in multiple processes, including DNA damage repair and recombination,
and regulate normal cell differentiation. During pregnancy and breastfeeding, breast
cells divide and differentiate; thus, it could be supposed that reproductive factors
have different impacts on breast cancer risk in the BRCA mutation carriers and in
general population.

A large retrospective cohort study including women carrying BRCA1/2 muta-
tions investigated the impact of pregnancy on breast cancer incidence [40]. No dif-
ference was found between parous and nulliparous women, and the same results
were observed in BRCA1 and BRCA2 mutation carriers. It does not appear that
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parity per se influences the risk of breast cancer in this particular subgroup of
women.

Inconsistent results are reported about the association between breastfeeding and
breast cancer risk. Some evidences suggest a protective effects of breastfeeding, even
stronger than in general population, but only among BRCA1 mutation carriers [41, 42].

It is known that hereditary breast cancer is different from sporadic tumour and
differences are observed between breast cancer patients with BRCA1 and BRCA2
mutations as well. This might suggest that the biological pathway for carcinogene-
sis is different for these two genes.

Our knowledge about the impact of pregnancy after breast cancer in BRCA1/2
mutation carriers is even poorer. This is partly due to the small proportion of women
carrying mutations in these genes. The question is sensible, because of the typical
early age of onset of hereditary breast cancer. A multicenter, case-control study
which included women known to carry a BRCA 1 or BRCA 2 mutation and history
of breast cancer has been published recently [43]. The cases were patients with
pregnancy-associated breast cancer or pregnancy following breast cancer. The con-
trols were selected among patients who did not get pregnant after breast cancer
diagnosis and who were alive and recurrence-free at the time of the delivery of the
baby in the matched group, in order to reduce potential confounding bias, such as
the healthy mother effect. The 15-year survival was excellent in the two groups,
around 90 %, and no significant difference was observed between cases and controls
after adjustment for several prognostic factors. Despite the limitations of the study,
first of all the small sample size, these results are encouraging and future research is
recommended to prove the not detrimental effect of pregnancy after breast cancer in
this particular subgroup of women [43].

There is an issue in BRCA1/2 mutation carriers that deserves special consider-
ation. Some studies suggested that the deficient DNA repair mechanism due to muta-
tions in BRCA 1 and BRCA 2 genes may make oocytes more susceptible to
DNA-damaging agents. Furthermore, it has been speculated that BRCA mutation
carriers may have a lesser ovarian reserve than general population and undergo pre-
mature menopause. As a consequence, BRCA mutation carriers may be more sus-
ceptible to chemotherapy-induced gonadotoxicity with severe ovarian reserve loss
[44]. Diagnosis of breast cancer in a young patient with BRCA mutation raises con-
cerns about her future fertility. A trend towards earlier referral to fertility specialists
underscores the importance of this issue. However, the better approach in this par-
ticular group of patients is not an easy choice. On one side data suggest a poor
response to ovarian stimulation for oocyte retrieval and cryopreservation, particu-
larly in BRCA1 mutation carriers; on the other side ovarian tissue cryopreservation
for BRCA mutation carrier is disputed because of the risk of ovarian cancer and
lastly the efficacy of temporary ovarian suppression with GnRH agonists is still con-
troversial [44].

All these findings suggest that BRCA mutation carriers may have a shorter
reproductive life, and this should be taken into account in the management of young
breast cancer patients who desire a future pregnancy. Whether or not the low ovar-
ian reserve and poor response to ovarian stimulation may reduce the fertility poten-
tial of women with BRCA mutations is still unknown and further research is needed.
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7.1 BRCA1/2 Mutations and Breast Cancer: Introduction
7.1.1 Background

While the majority of cancer cases occur sporadically with no evident family history of
cancer in immediate family members, in a subset of cases, estimated at 5-10 % of
incident cancers, a strong inherited predisposition is noted [1, 2]. Clinically, phenotypic
features such as familial, cross-generational clustering of cancer, early age at diagnosis
compared with the average risk population, and syndromic association between can-
cers have been applied as indicators hallmarking cancer predisposition [3].

7.1.2 BRCA1/2 and Cancer Risk

A germline mutation in either the BRCAI (MIM# 113705) or the BRCA2 (MIM #
600185) genes is the most significant known risk factor (other than gender and
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increasing age) for developing breast and ovarian cancer. Mutations in these genes
are highly penetrant and confer a lifetime risk of developing breast cancer (BC) of
40-90 % and up to a 60 % lifetime risk of developing ovarian cancer [4-9]. The
biological rationale and proposed molecular mechanism that underlies the elevated
risk for cancer are that BRCAI and BRCA2 proteins play a pivotal role in DNA
repair mechanisms. Specifically, BRCAI and BRCA2 are critical in the repair of
double-stranded DNA breaks via homologous recombination and for maintaining
genomic stability [10, 11]. A deficiency in a cell’s ability to repair DNA damage
increases genomic instability which in turn can increase the risk of initiating carci-
nogenesis. Unlike other environmental and lifestyle risk factors for BC, distinct
phenotypic characteristics of BRCA1/2-associated BCs have been described. Thus
BRCA1/2 plays not only an important role on the causal pathway for developing
BC, but also has a significant impact on the biological and clinical characteristics of
BRCA/2-associated BCs.

In unselected groups of young BC patients, a BRCA /2 mutation was prevalent
in 9 % of women under 39 years of age in a study by Golshan et al. and in 5.9 % of
women under 36 years of age in a study by Peto et al. [12, 13]. In selected groups of
young Ashkenazi Jewish (AJ) women with BC, BRCA1/2 mutations were noted in
8-20 % [14, 15]. Noteworthy, the mutational spectrum of germline mutations in this
genetically homogeneous population is limited to three germline mutations in
BRCAI (185delAG, 5382insC) and BRCA2 (6174delT) accounting for the majority
of high-risk families [16].

7.1.3 Counseling

Until both BRCA genes were cloned, cancer-free family members of high-risk fam-
ilies were counseled regarding their lifetime risk of being diagnosed with cancer,
based on the cancer phenotype in their family. Recommendations for early detection
and prevention were also dictated by the familial cancer phenotype. Over the past
20 years, cloning of BRCA1/2 in hereditary breast/ovarian cancer has enhanced can-
cer genetics services, enabling objective assessment of cancer risk by genetically
testing high-risk individuals. Cancer risk evaluation and clear guidelines and rec-
ommendations including early detection schemes and/or risk-reducing surgeries are
now based on the genotype, rather than the phenotype. Furthermore, genotypic-
based risk assessment has enabled clinicians to reassure family members found not
to harbor the familial mutation, and to reinstate average cancer risk status. There are
extensive guidelines for genetic testing and risk assessment in addition to guidelines
for BC risk reduction and early detection schemes and ovarian cancer screening;
however, these are beyond the scope of this chapter (refer Table 7.1). One of the
most important factors relevant to this chapter is ovarian cancer risk reduction —
with the universal recommendation for bilateral risk-reducing salpingo-
oophorectomy (RRSO) for women harboring a BRCA1/2 mutation, between 35 and
40 years of age either after completion of childbearing, or individualized based on
family history of earliest onset case of ovarian cancer. RRSO has consistently
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Table 7.1 NCCN Guidelines recommend that BRCA1/2 testing be performed for an individual
with a history of breast cancer at least and one of the following criteria [22]

Diagnosed at or before 45 years of age

Having 2 breast primaries with one being diagnosed <50 years of age

Diagnosed <50 years with at least 1 close relative with a breast cancer diagnosis

Diagnosed with triple negative breast cancer at <60 years

Diagnosed at any age with at least 1 close relative with a breast cancer diagnosis at <50 years

Diagnosed at any age with 2 or more close relatives with a breast cancer diagnosis at any age
or with >1 close relative diagnosed with epithelial ovarian cancer at any age

Diagnosed at any age with at 2 or more close relatives with pancreatic cancer or aggressive
prostate cancer at any age

Having a close male relative with breast cancer at any age
Ashkenazi Jewish ethnicity

demonstrated a dramatic reduction in the risk of developing ovarian and fallopian
tube cancer by over 80-85 % [17, 18] although a residual risk for primary peritoneal
cancer of 1-4.3 % remains [17-20]. Furthermore, RRSO performed before 40 years
of age has been demonstrated to reduce early onset BC risk by approximately 50 %
[20, 21]. Consideration of reproductive desires of women is important in designat-
ing the timing of RRSO, and women need to be counseled about the consequences
of premature menopause.

7.1.4 (linicopathologic Characteristics and Prognosis

BRCAI- and BRCA2-associated BCs are often diagnosed at an earlier age and at a
later stage [23]. Due to elevated breast density, BRCA1/2-associated BCs are also
less likely to be detected by mammography and ultrasound screening in young
women, and tumors with “pushing margins” are less visible on mammography [24].
BRCAI-associated tumors are more likely to have high histological grade, lack
estrogen and progesterone receptors, lack HER2/neu over-expression, and be of
triple negative (TN) and medullary subtypes [25-27]. All these factors have an
impact on diagnosis and treatment decisions - patients with high grade, endocrine
unresponsive tumors more likely to receive chemotherapy.

Several studies have focused on whether prognosis and outcome differ between
BRCA-associated BC compared with those in noncarriers. Retrospective studies by
Rennert et al. [28] and Huzarski and coworkers both reported no difference in
10-year survival in patients with BRCAI mutations compared to those without
mutations [29]. Several smaller studies reported similar results [25, 30]. Goodwin
et al. corroborate these findings, reporting no discernible overall survival benefit
among BRCAI or BRCA?2 breast cancer mutation carriers who received adjuvant
chemotherapy (n=164) compared to non-BRCA controls (n=1,550) [31].
Furthermore, studies that focused on TN BCs also reported no difference in out-
come between BRCA I/BRCA2 positive and non-BRCA1/BRCA2 TN cases [32, 33].
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7.1.5 Treatment of BRCA1/2-Associated Breast Cancer

Importantly, BRCA1/BRCA?2 deficient cells are considered to be more sensitive to che-
motherapy because of the underlying deficiency in double-stranded DNA repair [34—
36]. Specifically, preclinical models suggested that BRCA mutant cells were more
sensitive to chemotherapy that cause double-strand breaks in DNA, such as platinum
compounds, anthracyclines, and alkylators [37-40]. When assessing the clinical response
of BRCA1/2-mutated breast cancers to therapy, differential response to certain chemo-
therapy drugs had been proposed [41-43]. Thus, it was suggested that BRCAI deficient
tumors may be more responsive to platinum compounds [44-46] and less responsive to
taxanes [41, 47-49]. Byrski et al. reported pathological complete responses to neo-adju-
vant cisplatinum as high as 83 % (10/12) in BRCAI carriers [44, 48]. BRCA1/BRCA2-
associated cancers areeligible for targeted biological therapies by PARP (poly-ADP-ribose
polymerase) inhibitors that specifically target the DNA repair pathway in BRCA1/BRCA2
deficient cells [36, 50]. Poly (ADP-ribose) polymerasel (PARP1) plays a key role in the
repair of DNA single-strand breaks through base excision repair. The inhibition of
PARPI1 leads to the accumulation of single-strand breaks in DNA and consequently to
double-strand breaks at the replication forks. Normally, these double-strand breaks are
repaired by homologous recombination (HR). However, when cancer cells deficient of
HR due to absent BRCA are exposed to PARP1 inhibitors they accumulate unrepaired
double-strand breaks that result in collapse of the replication forks and cell death. Such
synergistic cell death resulting from concomitant inhibition of molecular pathways that
are each dispensable when inactivated solely is a concept known as “synthetic lethality.”
Since the normal cells of BRCA mutation carriers contain one functional allele of BRCA,
they can still use HR and repair DSB, and therefore they are resistant to PARP inhibition.
Thus, PARP inhibitors selectively target only the cancer cells and are associated with
relatively minor damage to the normal tissues [35]. In recent years, several potent PARP
inhibitors were developed and evaluated, alone and in combination with chemotherapy,
for the treatment of BRCA-mutated cancers. The pivotal trial assessing PARP inhibitors
in a study population enriched for BRCA mutation carriers was published by Fong et al.
[51]. Evidence of sustained antitumor activity was limited to patients with BRCA-
associated cancers, of whom 63 % experienced clinical benefit. A proof-of-concept
study evaluating Olaparib in BRCA-associated advanced BC was next published by Tutt
etal. [52]. The first adjuvant trial assessing use of PARP inhibitors in BRCA 1/2-associated
BC named OLYMPIA opened in 2014, comparing 12 months of adjuvant Olaparib ver-
sus placebo following completion of standard neo-adjuvant/adjuvant chemotherapy. The
impact of PARP inhibitors on ovarian function is currently unknown.

7.2  Hormonal Contraception in BRCA Mutation Carriers

Hormonal contraception in women with BC is controversial, specifically in BRCA
carriers, due to both potential benefits and risks [53]. The literature has focused on
the oral contraceptive pill (OCP); however, other forms of hormonal contraception
are also debatable.
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There is evidence that levonorgestrel-releasing intrauterine system (LNG-IUS)
may be effective in protecting the endometrium in women with BC, after tamoxifen
therapy [54-56]. Benefits include reduced endometrial hyperplasia and endometrial
polyps. Most studies found no evidence of increased BC recurrence or cancer-
related deaths in women who used LNG-IUS; however, in one Belgian study, there
was an increase in cancer recurrence rate in women diagnosed with BC while using
LNG-IUS and continuing to use the device [57]. Another study found a small
increased risk of BC recurrence [58]. No studies specifically address BRCA muta-
tion carriers and LNG-IUS.

While until now RRSO has been the gold standard for ovarian cancer risk reduc-
tion in this population, more recently, prophylactic bilateral salpingectomy, fol-
lowed by delayed oophorectomy close to menopause, has been proposed as an
alternative approach to reduce ovarian cancer risk [59, 60]. This is yet to be evalu-
ated in a clinical trial setting. Women who are still considering reproduction, or who
do not wish to undergo surgical prevention, may be candidates for OCP use in
reducing ovarian cancer risk.

The recent long-term follow-up of OCP use in the Nurses Health study [61]
demonstrated a trend towards increased premature mortality due to BC (test for
trend p<0.0001) and decreased mortality rates due to ovarian cancer (p=0.0020) in
women who had used OCP. A cohort study of Jewish BRCA1 and BRCA2 mutation
carriers [62] showed a significantly increased risk of early onset BC in women who
had used the OCP, with average age of onset 6 years earlier than nonusers.

A meta-analysis of studies examining OCP use and BC risk found that although
there was a significant increase in BC in women with BRCA mutations in cohort
studies, no significantly increased risk was demonstrated in case-control studies
[63]. The same analysis showed a significant reduction in the risk of ovarian cancer
associated with OCP use. Their conclusion was that OCP may be considered as an
alternative to RRSO for prevention of ovarian cancer in women with BRCA1 muta-
tion, although this has not been adopted as a standard practice.

Age of OCP use appears to be important in BC risk. There is evidence that teen-
age (<20 years) [64] or young adult (<25) [65] OCP use may increase the risk of BC
in women with BRCA mutations, especially BRCA1. Other studies demonstrated
increased risk in BRCA1 mutation carriers who used the OCP prior to age 30 [66].

The dose of estradiol in the OCP, and the actual formulation, may also be rele-
vant in BC risk. OCP use prior to 1975 (higher dose estrogen) increases the risk of
BC in BRCA mutation carriers [67, 68].

Several studies show a small or modest increase in BC risk with OCP use [67, 69,
70], while others show no increased risk with low-dose OCP [71-73]. In BRCA2
carriers, specifically, there appears to be no risk [67]. A meta-analysis of 18 studies
assessing association between OCP use and breast and ovarian cancer in women
carrying BRCA1/2 mutations [68] demonstrated significantly reduced risk of ovar-
ian cancer and no increased risk in BC with newer OCPs.

Duration of OCP use may be associated with BC risk, with increased risk dem-
onstrated for over 5 years of use [67]. Kostopolous [65] showed increased risk for
each year of use when OCP was commenced prior to age 20. A meta-analysis
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showed no consistent trends of increasing risk with longer duration use of OCP for
either BRCA1 or BRCAZ2 carriers [69].

A recent meta-analysis [69] found that the association between OCP use and
ovarian and breast cancer risk in women with BRCA mutation were comparable to
risks in the general population, with a nonstatistically significant association with
BC, and inverse association with ovarian cancer.

Healthy Women carrying BRCA1 and BRCA2 mutations should be carefully
counseled regarding OCP use. Younger women specifically, aged less than 30,
should be aware of the potential additional risks of early onset BC. Women aged 30
years and older, who are not yet ready for RRSO, and who are desiring contracep-
tion, may be cautiously offered OCP, after discussion of risks and benefits.

7.3  Parity and Breastfeeding in BRCA Carriers
7.3.1 Age at Menarche

Younger age at menarche is associated with increased risk for sporadic early onset
BC [74, 75]. An effect was not observed in BRCAZ2 carriers, but BRCAT1 carriers
whose age at menarche was 14—15 years had a 54 % reduction in BC risk compared
to those with menarche at <11 years of age (OR=0.46; 95 % CI 0.30-0.69) [76].

7.3.2 Parity

Increasing parity and breastfeeding have been demonstrated to be protective against
BC, but the magnitude of this protection seems to be lesser so for women with early
onset BC [77, 78]. In BRCA1 and BRCA2 carriers, parity effects may also be age
dependent. While an early report suggested that parity may increase risk for early
onset (<40 year) BC in BRCAI carriers [79], a larger retrospective study of 1,260
carrier pairs by the same group did not confirm this finding, and even observed
decreased BC risk in BRCALI carriers with >4 children (OR=0.62; 95 C10.41-0.94,
vs. nulliparous carriers) [80]. In BRCA2 carriers, this study found that parity caused
a borderline increase in risk for BC before age 50 (OR=1.17 for each pregnancy; 95
CI 1.01-1.36) [80]. In a case-only study, young age at first pregnancy delayed onset
of BC in carriers [8], and a retrospective study of 1,601 carriers found that in women
over 40, each full-term pregnancy reduced BC risk by 14 % (95 CI 6-22 %). An age
effect was seen in BRCA2 carriers with later first pregnancies associated with
increased risk, whereas BRCAL1 carriers with first birth over age 30 were at lower
risk than those with first birth before age 20 [81]. In a case-control study by Antoniou
et al, parous BRCAI and BRCA2 mutation carriers were at a significantly lower risk
of developing BC (hazard ratio 0.54, 95 % confidence interval 0.37-0.81) and yet the
protective effect was observed only among carriers who were older than 40 years.
Increasing age at first live birth was associated with an increased BC risk among
BRCA?2 mutation carriers but not BRCAI carriers [82]. Yet other studies have failed
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to demonstrate an association between BC risk and age at first birth among mutation
carriers [83]. A meta-analysis by Pan et al. demonstrated no association between
parity and BC risk in women harboring a BRCA1/2 mutation and late age at first
birth was found to be protective among BRCA1 mutation carriers [84]. These results
were supported by a meta-analysis by Friebel et al. [53]. A study by Lecarpentier
et al. suggests that the impact of parity on reducing BC risk in BRCA1 mutation car-
riers is limited to those with a mutation in the central region of BRCA1 [85].

7.3.3 Breastfeeding

In a case-control study of 965 BRCA1 and 280 BRCAZ2 pairs, breastfeeding did not
influence BC risk in BRCA2 carriers, but BRCA1 carriers who breastfed for over 1
year were less likely to have had BC than those who never breastfed (OR=0.55; 95
CI10.38-0.80) [86]. A retrospective cohort study of 1,601 carriers did not show any
breastfeeding effect (HR=0.89 ,95 CI 0.62-1.27) [81]. A case-control study of
1,665 pairs demonstrated a protective effect of breastfeeding for BRCAI carriers
only, with the protective effect increasing with increasing duration of breastfeed-
ing —a 32 % risk reduction for 1 year (OR=0.68; 95 % CI 0.52-0.91) and 49 % risk
reduction (OR=0.51; 95 % CI 0.35-0.74) for greater than 2 years of breastfeeding
[87]. In a meta-analysis by Pan et al. among BRCA1 mutation carriers, only breast-
feeding for at least 1 or 2 years was associated with a 37 % reduction in BC risk
(RR=0.63, 95 % CI=0.46-0.86) [84].

7.4  Ovarian Reserve and Infertility in BRCA Carriers

BRCA1 and BRCA2 mutation carriers conventionally undergo RRSO at the com-
pletion of childbearing, in order to reduce their risk of both ovarian and breast can-
cer [88]. These women experience induced surgical menopause, and thus
determination of their expected fertility or ovarian reserve, or assessment of early
menopause, is not possible. However, it has been hypothesized that BRCA muta-
tions, in particular BRCA1, may be associated with reduced fertility. This is
expressed by increased chemotherapy-induced amenorrhea [89], premature meno-
pause [90-93], primary occult ovarian insufficiency [94], reduced ovarian reserve
[95], and infertility [96-98].

The proposed link between BRCA mutation and fertility is suggested by several
possible theories. BRCA 1 is a tumor suppressor, associated with telomere length
[99, 100]. It is important in maintaining stability of the genome, as well as playing
a role in DNA repair [101, 102]. BRCA1 may also have a role in protecting cells
against oxidative stress [103]. Mutations in BRCA1 may lead to compromised
genome integrity and deficiencies in double-stranded DNA repair [10]. Primordial
follicles may be particularly sensitive to incidental DNA damage. Accumulation of
DNA damage then results in oocyte apoptosis. This is turn would cause reduced
ovarian reserve, decreased fertility, and earlier menopause.
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Titus et al. [104] analyzed expression of DNA repair genes in human oocytes,
including BRCAL1. They proposed that in women with BRCA1 mutation, two pro-
cesses occur concurrently during reproductive aging. As the DNA repair efficiency
undergoes natural decline, double-stranded DNA breaks (DSDs) accumulate and
thus more oocytes undergo apoptosis. In women with BRCA1 mutations, oocyte
aneuploidy is augmented, probably due to reduced function of BRCAI and resul-
tant accumulation of DSDs, as well as other possible effects of BRCA1 mutation.
The age-related decline in BRCAL1 carriers is thus linked to earlier menopause,
diminished ovarian reserve, and increased vulnerability to chemotherapy-induced
amenorrhea [98]. This decline may be not be clinically apparent before age 35,
when the age-related decline becomes more important.

BRCAL appears to be upregulated in human male and female germ cells and in
preimplantation embryos [105], which may support another possible mechanism
involving BRCA1 dysfunction and altered human embryogenesis.

A potential link between BRCA mutation and FMR1 mutation, which is known
to be associated with primary ovarian insufficiency [106] has also been proposed,
suggesting that the diminished ovarian reserve in women with BRCA mutations
may be FMR1 mediated. An initial study revealed a different distribution of consti-
tutional FMR1 genotypes in BRCA mutation carriers compared with female con-
trols [90]. BRCA mutation carriers almost uniformly expressed het-norm/low
FMRI1 sub-genotype. The same study group showed a trend towards earlier meno-
pause in the BRCA1/2 carriers [90]. A subsequent study [107] found no association
between low FMR1 sub-genotypes and BRCA1 mutation carriers.

7.5 Premature Menopause

Menopause is defined as commencing 12 months after the last menstrual period.
Menopause occurs when the remaining follicle count reaches 1,000 or below. The
years preceding menopause represent the decreasing number of follicles, but also
reduced quality of oocytes, with increased risk of aneuploidy, increased risk of sponta-
neous miscarriage, and infertility. Evidence of earlier menopause in BRCA mutation
carriers would imply reduced fertility at an earlier age, with lower ovarian reserve.

Age at menopause is multifactorial, and includes hereditary and environmental
factors, including smoking. Ninety percent of women undergo menopause between
the ages of 45-55, average age 51 [108]. Premature menopause, or primary ovarian
insufficiency, which occurs in approximately 1 % of women, has a strong hereditary
component, with over 15 % having a first-degree relative with premature meno-
pause [109]. The commonest genetic causes are Fragile X mutation, with a mutation
of the FMR1 gene, and Turner syndrome (monosomy X). Premature menopause can
also be associated with autoimmune disease. Iatrogenic causes include gonadotoxic
chemotherapy and radiotherapy, and surgical menopause.

Several studies have compared age at menopause between BRCA carriers and vari-
ous control groups. Lin et al. [93] assessed age at natural menopause in women who
were BRCA mutation carriers and women in the general population in San Francisco.
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Risks were adjusted for known risk factors including smoking, oral contraceptive use,
and parity. The median age at the time of natural menopause in the BRCA1/2 carriers
was significantly younger than in controls (50 years vs 53 years; p<0.001). In women
defined as current heavy smokers (more than 1 pack per day), the median age was
46 in BRCA carriers compared with 49 in controls (p<0.027). No difference in age
was observed in BRCA 1 and BRCA 2 carriers.

A recent large study compared the rate of premature menopause in BRCA muta-
tion carriers and age-matched controls who were not carriers. Controls were either
family members of known mutation carriers who tested negative, or women with a
family or personal history of breast or ovarian cancer, who were found not to be
carriers of known mutations. There were no significant differences between the
groups for parity, age at first birth, or age at last birth. Age at menopause was signifi-
cantly younger in BRCA mutation carriers (49.0 vs. 50.3 years; p<0.001). The
difference was also observed for both BRCA1 (48.8 vs. 49.9 years; p<0.06) and
BRCA 2 carriers (49.2 vs. 50.8 years; p<0.006). Twelve women (4.7 %) with a
BRCA mutation experienced menopause before age 40 compared with three women
(1.4 %) in the control group (p <0.04). The observed rate of premature menopause,
which is defined as menopause before age 40, is 1 % [110]. There were no differ-
ences in reported fertility problems or use of fertility medications.

Collins et al. [111] analyzed BRCA mutation carriers (n=829) and family mem-
bers who were negative for BRCA mutation (n=1,021), for the risk of natural
menopause at given ages. They included covariates of smoking, BMI, parity, age at
first birth, alcohol, and fertility medications. Nineteen percent of women in the
study had undergone menopause; however, no difference was observed for age-
specific incidence of natural menopause between BRCA mutation carriers and
noncarriers.

A study of ovarian morphology in postmenopausal women who underwent
oophorectomy, assessed “signs of estrogenization” as part of the histopathological
examination, in women with and without BRCA1 mutation [112]. Women with
BRCAI1 mutation had absent signs of estrogenization in their ovaries compared to
other women. Over 50 % of ovaries from women who were not BRCA1 mutation
carriers had signs of estrogenization. The authors proposed that premature meno-
pause is associated with loss of estrogen, which may lead to increased gonadotropin
release via negative feedback. This in turn may promote carcinogenesis. Earlier
menopause in BRCA1 mutation carriers was also observed, with mean age in BRCA
carriers of 45.5 compared with 48.2 in noncarriers (p <0.05).

7.5.1 Chemotherapy-Induced Amenorrhea

Chemotherapy may cause transient and reversible or permanent damage to the
oocyte pool and ovarian reserve. This depends on the chemotherapy agent and dose,
the preexisting ovarian reserve, and the age of the woman [113]. Effects of cytotoxic
treatment, DNA damage, and apoptotic pathways on antral and dormant primordial
follicles, as well as dormant primordial follicles, have been described [114].
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The risk of amenorrhea after chemotherapy has been proposed to be higher in
women with BRCA mutation, due to increased sensitivity of the ovarian follicles
and higher risk of depletion [94]. Chemotherapy causes DNA damage, which the
cell tries to repair. Multiple unrepaired DSBs then lead to apoptosis in growing fol-
licles. In women with BRCA1 mutations, the lack of DSB repair will be even
greater, increasing the risk of amenorrhea after chemotherapy [98].

Valentini et al. examined the risk of long-term amenorrhoea after chemotherapy,
defined as absent menses beginning within 2 years of starting treatment and con-
tinuing for at least 2 years [89]. They compared BRCA1 and BRCA2 mutation car-
riers with a small group of noncarriers, who underwent chemotherapy. The results
presented showed that BRCA mutation carriers did not have increased risk of amen-
orrhea. Women who experienced resumption of menses underwent menopause
3.6 years earlier if they underwent chemotherapy compared with those not receiving
chemotherapy (45.4 vs 49.0, p<0.001). The probability of chemotherapy-induced
amenorrhea was significantly higher for BRCA2 carriers than for BRCA1 carriers
(46.8 % v 32.7 %; p<0.001), with early age of onset of amenorrhea in BRCA2 car-
riers. However, the conclusions of this study are somewhat dubious. The control
group was very small compared to the BRCAL1 carriers, and these women were
treated with tamoxifen, which may also cause amenorrhea. Women underwent che-
motherapy treatment 62 centers, and the details of chemotherapy are not presented.
Further research is required to validate these findings.

One final important consideration is that platinum agents are considered particu-
larly gonadotoxic [4] and there is an increasing trend for use of platinum agents
among BC patients harboring a BRCA1/2 mutation, which may augment gonado-
toxicity during neo-adjuvant/adjuvant chemotherapy.

7.6 Diminished Ovarian Reserve in BRCA Mutation Carriers

The link between diminished ovarian reserve in BRCA mutation carriers has been
investigated in several studies, ranging from observation of ovarian reserve tests
[95, 115], response and outcomes in in vitro fertilization (IVF) treatments [94, 116],
patient-reported fertility [91, 97], and natural fertility in the absence of contracep-
tion [117].

A multicenter study examined parity and fertility in BRCA mutation carriers and
noncarrier relatives [91]. No differences were observed in age at first birth, age at
last birth, parity, or infertility. In a study of women of Ashkenazi Jewish descent
with ovarian cancer, and without ovarian cancer, the association between BRCA
mutation status and self-reported fertility, pregnancy rate, and pregnancy success
was compared [91]. The study also examined sex ratio in the children born to these
women. No difference was observed regarding fertility.

Conception and fertility in the context of “natural fertility conditions” was
explored in a case-control study of woman in Utah [118]. The original BRCA muta-
tion carriers served as probands to trace additional presumed carriers in their ances-
tors, based on the family pedigree as recorded in comprehensive state health records.
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Controls were identified as women who had no familial connection to the BRCA
carriers and presumed to be BRCA negative. According to their analysis, putative
BRCA mutation carriers born prior to 1930 had significantly larger families, shorter
spaces between births, and later age at last birth. These findings are similar, but not
statistically significant, in women born after 1930.

Several recently published studies of ovarian reserve in BRCA mutation carri-
ers presented conflicting results. Wang et al. [95] compared BRCA1 carriers,
BRCA2 carriers and controls who were not carriers of a mutation, for Anti-
Mullerian Hormone (AMH), considered the best single test for ovarian reserve
testing [119]. Results were adjusted for age and BMI. BRCA1 mutation carriers
had significantly lower AMH levels compared with controls (0.53 ng/mL [95 %
confidence interval (CI) 0.33-0.77 ng/mL] vs. 1.05 ng/mL [95 % CI10.76-1.40 ng/
mL]). Logistic regression validated this finding: BRCA1 carriers had a fourfold
increased odds of having AMH <1 ng/mL compared with controls (odds ratio
4.22, 95 % CI 1.48-12.0). No difference was observed in AMH levels between
BRCAZ2 carriers and controls.

Conversely, Michaelson-Cohen et al. [115] tested BRCA1 and BRCA2 mutation
carriers for AMH and found no significant difference in results compared with gen-
eral population controls. This study did not examine BRCA1 and BRCA2 mutation
carriers as distinct groups, and controls were from the general population, with no
family history of BC.

Oktay et al. [94] reported their results of women with BC undergoing the
COSTLESS protocol (Letrozole and Gonadotropin) for fertility preservation [120].
BRCA mutation testing was performed parallel to the treatment cycle, but results
were only available after treatment was completed. Low ovarian response was
defined as four or less oocytes retrieved in women younger than 38 years. Low ovar-
ian response was significantly higher in women with BRCA mutation compared
with no mutation (33.3 % vs 3.3 %; p=0.014) and BRCA-untested women (2.9 %
p=0.012). Mean oocyte numbers were also significantly lower in women with
BRCA mutation compared with BRCA mutation—negative women. BRCA1, but not
BRCA2, mutations were associated with low response with an OR of 38.3 (95 % CI,
4.1-353.4; p<0.001).

A recent multicenter study [116] analyzed two groups of women with BRCA
undergoing IVF. BRCA mutation—positive BC patients undergoing fertility pres-
ervation were compared with BRCA mutation negative or unknown breast cancer
patients. BRCA mutation carriers undergoing IVF-PGD were compared with
women undergoing IVF for male factor infertility, as well as women undergoing
IVF-PGD for other reasons (not affecting ovarian reserve). Low response was
defined as four or less oocytes retrieved. There was no significant difference in
low response rate (8.77 % vs 8.46 %, p=1), number of oocytes retrieved
(15.00+8.06 vs. 14+8.24, p=0.44), or number of 2PN embryos (9.61 £5.91 vs.
8.17+5.55, p=0.077). Subgroup analysis according to age was also performed,
with no observed differences. This study refutes the concept of diminished ovar-
ian reserve, poorer response to treatment in BRCA mutation carriers, and BRCA
positive women with BC.
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7.7  Fertility Preservation and Preimplantation Genetic
Diagnosis (PGD) for BRCA Mutation Carriers

7.7.1 Fertility Preservation Protocols for Women
with BRCA Mutations

At the time of BC diagnosis many women have not yet completed their family,
and some have not even commenced. During chemotherapy treatment, and resul-
tant effect on ovarian reserve, and recommended 2-year postponement of con-
ception following treatment [121], the remaining window of opportunity for
childbearing may be limited. In women who are carriers of BRCA1/2 mutation,
the recommendation for RRSO at completion of childbearing adds further time
constraints [88]. Women diagnosed with BC are increasingly referred for consul-
tation with fertility specialists prior to commencing potentially gonadotoxic che-
motherapy [122, 123].

All young women with BC, irrespective of BRCA mutation status, should be
offered thorough counseling regarding options for fertility preservation.

Fertility preservation options include embryo cryopreservation, oocyte cryo-
preservation, and oocyte tissue cryopreservation [124]. Ovarian stimulation proto-
cols based on letrozole alone or in combination with gonadotropin result in lower
serum estradiol levels than conventional IVF protocols and are favored by some
[120]; however, tamoxifen-based protocols have been demonstrated to be safe and
highly effective in a recent study by Meirow et al. [125].

There appears to be no additional risk of developing BC in women with BRCA
mutations, who have experienced infertility, or undergone fertility treatment [96].

7.8 Preimplantation Genetic Diagnosis (PGD)
and Prenatal Diagnosis for BRCA Mutation Carriers

Carriers of BRCA1/2 mutations have a 50 % chance of transmitting the mutation
with each pregnancy, assuming their partner is BRCA mutation negative. Women
who prefer to have children who will not be carriers of BRCA mutations may
choose diagnosis during preimplantation and prenatal stages.

Prenatal diagnosis involves invasive tests which sample either the chorionic villi
(CVS) or amniotic fluid (amniocentesis) in order to test karyotype abnormalities, or
the presence or absence of single gene disorders. BRCA mutations may be tested by
CVS or amniocentesis. A newer alternative is noninvasive prenatal testing, which
tests cell-free DNA in maternal blood; however, this method is not yet available for
BRCA mutation detection. Prenatal testing assists parents who may be considering
termination of pregnancy for an affected fetus.

PGD is a technique offered to test embryos, usually on the third day following
in vitro fertilization (IVF) [126]. Testing is performed on 1-2 cells of the developing
embryo, usually at the blastomere stage. This allows for the selection of a healthy
embryo for transfer. PGD was initially used for lethal or very severe genetic
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illnesses, but its use has been expanded to include disease carrier states. PGD is
offered in many centers worldwide for BRCA1/2 mutations [127-129].

The timing of discussing the option of PGD is complex, as some women need
time to comprehend and deal with the impact of BRCA mutation diagnosis, without
being overwhelmed with more choices [130]. PGD is often raised as part of initial
counseling for genetic testing for BRCA mutation. Recommendations of the
National Society of Genetic Counselors’ regarding broaching the option of PGD for
women with BRCA1/2 mutation during genetic counseling, include providing as
“much information as possible while acting in an ethical context that minimizes
harm to clients and their families” [131].

Many women with BRCA mutations express concern about their current or
future children [132] and are supportive of PGD as an option; however, the majority
of women would not necessarily choose to take advantage of the existing technol-
ogy for future pregnancies [132, 133]. PGD may provide an acceptable option for
women who may have otherwise preferred not to risk having a natural biological
child [134]. However, choosing PGD raises several challenging ethical issues,
including the implications on the value of the life of the women carrying the muta-
tion, as she herself may not have been born had the technology been available [135,
136]. PGD is also expensive and requires invasive, and possibly risky, medical treat-
ment traditionally used in couples with infertility, when no actual fertility problem
may exist.

The option of PGD should be presented with sensitivity given the complicated
psychological and ethical issues, but is an important part of counseling and treat-
ment of the BRCA mutation carrier.

7.9 Ovarian Tissue Cryopreservation for Fertility
Preservation in Women with BRCA Mutation

More than 30 babies have been born following autotransplantation of cryopreserved
ovarian tissue for fertility preservation [137, 138]. Ovarian tissue cryopreservation
(OTC) is a form of fertility preservation which may be offered in conjunction with
embryo or oocyte cryopreservation, or alone in prepubertal girls and young women.
In women who need to start chemotherapy immediately, with no available window
of opportunity for ovarian stimulation and oocyte harvesting or IVF, OTC may be
offered without delaying cancer treatment. It can be performed at any stage of the
menstrual cycle, does not involve exposure to hormones, and may be preferable in
certain malignancies [138].

Autotransplantation of ovarian tissue carries potential risks of reintroducing
malignancy, as ovarian grafts may harbor cancer cells [139]. In women with leuke-
mia, disease recurrence following transplantation of cryopreserved ovarian tissue
has been reported [140, 141].

Several studies found no evidence of malignant cell contamination of ovarian
tissue in women with breast cancer [142, 143]. A review of literature regarding the
safety of OTC in women with malignancy considered BC patients to be at low risk
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of recurrence following autotransplantation [144]. Bastings et al. [145] reviewed
studies of ovarian metastases in ovarian tissue sampled. No metastases were identi-
fied in women with BC. Cancer recurrence was cited in one case of a BC survivor,
although it is unclear if the recurrence was related to the transplantation [142].

No studies address BRCA mutation carriers specifically; however, the high risk
of ovarian cancer in these women means that the risk of malignancy with reintro-
ducing ovarian tissue would be higher than BC patients not carrying a mutation.
While the risk of ovarian cancer in women with BRCA mutation is lower in women
younger than 40, there have been no reports of women with BRCA mutation who
underwent OTC. Thus the efficacy and safety of this method of fertility preservation
remains unclear and is not an accepted practice in most centers for women harbor-
ing a BRCA mutation.

Conclusion

The presence of a BRCA1/2 mutation compounds the already complex and mul-
tifactorial challenges that exist when managing a young woman with breast can-
cer — the challenges range from medical (oncological, gynecological, surgical) to
psychosocial and ethical; thus, a multidisciplinary approach is mandatory.

References

1. Collaborative Group on Hormonal Factors in Breast Cancer. Familial breast cancer: collabora-
tive reanalysis of individual data from 52 epidemiological studies including 58,209 women with
breast cancer and 101,986 women without the disease. Lancet. 2001;358(9291):1389-99.

2. Fletcher O, Houlston RS. Architecture of inherited susceptibility to common cancer. Nat Rev
Cancer. 2010;10(5):353-61.

3. Cox A, et al. A common coding variant in CASP8 is associated with breast cancer risk. Nat
Genet. 2007;39(3):352-8.

4. Meirow D, Nugent D. The effects of radiotherapy and chemotherapy on female reproduction.
Hum Reprod Update. 2001;7(6):535-43.

5. Levy-Lahad E, et al. Founder BRCA1 and BRCA2 mutations in Ashkenazi Jews in Israel:
frequency and differential penetrance in ovarian cancer and in breast-ovarian cancer families.
Am J Hum Genet. 1997;60(5):1059-67.

6. Antoniou A, et al. Average risks of breast and ovarian cancer associated with BRCA1 or
BRCAZ2 mutations detected in case Series unselected for family history: a combined analysis
of 22 studies. Am J Hum Genet. 2003;72(5):1117-30.

7. Ford D, et al. Risks of cancer in BRCA 1-mutation carriers. Breast Cancer Linkage Consortium
Lancet. 1994;343(8899):692-5.

8. King MC, et al. Breast and ovarian cancer risks due to inherited mutations in BRCA1 and
BRCAZ2. Science. 2003;302(5645):643-6.

9. Mavaddat N, et al. Cancer risks for BRCA1 and BRCA?2 mutation carriers: results from pro-
spective analysis of EMBRACE. J Natl Cancer Inst. 2013;105(11):812-22.

10. Zhang J, Powell SN. The role of the BRCA1 tumor suppressor in DNA double-strand break
repair. Mol Cancer Res. 2005;3(10):531-9.

11. Moynahan ME, Pierce AJ, Jasin M. BRCA?2 is required for homology-directed repair of
chromosomal breaks. Mol Cell. 2001;7(2):263-72.

12. Golshan M, et al. The prevalence of germline BRCA1 and BRCA2 mutations in young women
with breast cancer undergoing breast-conservation therapy. Am J Surg. 2006;192(1):58-62.



7

13

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Reproductive Issues in BRCA Mutation Carriers 97

. Peto J, et al. Prevalence of BRCA1 and BRCA2 gene mutations in patients with early-onset
breast cancer. J Natl Cancer Inst. 1999;91(11):943-9.

Neuhausen S, et al. Recurrent BRCA2 6174delT mutations in Ashkenazi Jewish women
affected by breast cancer. Nat Genet. 1996;13(1):126-8.

Offit K, et al. Germline BRCA1 185delAG mutations in Jewish women with breast cancer.
Lancet. 1996;347(9016):1643-5.

Struewing JP, et al. The risk of cancer associated with specific mutations of BRCA1 and
BRCA2 among Ashkenazi Jews. N Engl J Med. 1997;336(20):1401-8.

. Rebbeck TR, Kauff ND, Domchek SM. Meta-analysis of risk reduction estimates associated
with risk-reducing salpingo-oophorectomy in BRCA1 or BRCA2 mutation carriers. J Natl
Cancer Inst. 2009;101(2):80-7.

Kauff ND, et al. Risk-reducing salpingo-oophorectomy in women with a BRCA1 or BRCA2
mutation. N Engl J Med. 2002;346(21):1609-15.

Rebbeck TR, et al. Prophylactic oophorectomy in carriers of BRCA1 or BRCA2 mutations.
N Engl J Med. 2002;346(21):1616-22.

Rebbeck TR, et al. Breast cancer risk after bilateral prophylactic oophorectomy in BRCA1
mutation carriers. J Natl Cancer Inst. 1999;91(17):1475-9.

Eisen A, et al. Breast cancer risk following bilateral oophorectomy in BRCA1 and BRCA2
mutation carriers: an international case-control study. J Clin Oncol. 2005;23(30):7491-6.
Genetic/familial high risk assessment: breast & ovarian. National Comprehensive Cancer
Network.

Robson M, et al. Breast conservation therapy for invasive breast cancer in Ashkenazi women
with BRCA gene founder mutations. J Natl Cancer Inst. 1999;91(24):2112-7.

Warner E, et al. Surveillance of BRCA1 and BRCA2 mutation carriers with magnetic reso-
nance imaging, ultrasound, mammography, and clinical breast examination. JAMA. 2004;
292(11):1317-25.

Veronesi A, et al. Familial breast cancer: characteristics and outcome of BRCA 1-2 positive
and negative cases. BMC Cancer. 2005;5:70.

Lakhani SR, et al. The pathology of familial breast cancer: predictive value of immunohisto-
chemical markers estrogen receptor, progesterone receptor, HER-2, and p53 in patients with
mutations in BRCA1 and BRCA2. J Clin Oncol. 2002;20(9):2310-8.

Atchley DP, et al. Clinical and pathologic characteristics of patients with BRCA-positive and
BRCA-negative breast cancer. J Clin Oncol. 2008;26(26):4282-8.

Rennert G, et al. Clinical outcomes of breast cancer in carriers of BRCA1 and BRCA2 muta-
tions. N Engl J Med. 2007;357(2):115-23.

Huzarski T, et al. Ten-year survival in patients with BRCA1-negative and BRCA 1-positive
breast cancer. J Clin Oncol. 2013;31(26):3191-6.

Robson ME, et al. A combined analysis of outcome following breast cancer: differences in
survival based on BRCA1/BRCA2 mutation status and administration of adjuvant treatment.
Breast Cancer Res. 2004;6(1):R8-17.

Goodwin PJ, et al. Breast cancer prognosis in BRCA1 and BRCA2 mutation carriers: an
International Prospective Breast Cancer Family Registry population-based cohort study.
J Clin Oncol. 2012;30(1):19-26.

Bayraktar S, et al. Outcome of triple-negative breast cancer in patients with or without delete-
rious BRCA mutations. Breast Cancer Res Treat. 2011;130(1):145-53.

Lee E, et al. Characteristics of triple-negative breast cancer in patients with a BRCA1 muta-
tion: results from a population-based study of young women. J Clin Oncol. 2011;29(33):
4373-80.

Abbott DW, Freeman ML, Holt JT. Double-strand break repair deficiency and radiation sen-
sitivity in BRCA?2 mutant cancer cells. J Natl Cancer Inst. 1998;90(13):978-85.

Farmer H, et al. Targeting the DNA repair defect in BRCA mutant cells as a therapeutic strat-
egy. Nature. 2005;434(7035):917-21.

Tutt AN, et al. Exploiting the DNA repair defect in BRCA mutant cells in the design of new
therapeutic strategies for cancer. Cold Spring Harb Symp Quant Biol. 2005;70:139-48.



98

37

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

S. Paluch-Shimon et al.

. Tassone P, et al. BRCA1 expression modulates chemosensitivity of BRCA1-defective
HCC1937 human breast cancer cells. Br J Cancer. 2003;88(8):1285-91.

Quinn JE, et al. BRCA1 functions as a differential modulator of chemotherapy-induced apop-
tosis. Cancer Res. 2003;63(19):6221-8.

Kennedy RD, et al. The role of BRCALI in the cellular response to chemotherapy. J Natl
Cancer Inst. 2004;96(22):1659-68.

Foulkes WD. BRCA1 and BRCA2: chemosensitivity, treatment outcomes and prognosis.
Fam Cancer. 2006;5(2):135-42.

Kriege M, et al. Sensitivity to first-line chemotherapy for metastatic breast cancer in BRCA1
and BRCA2 mutation carriers. J Clin Oncol. 2009;27(23):3764-71.

Chalasani P, Livingston R. Differential chemotherapeutic sensitivity for breast tumors with
“BRCAness”: a review. Oncologist. 2013;18(8):909-16.

Bayraktar S, Gluck S. Systemic therapy options in BRCA mutation-associated breast cancer.
Breast Cancer Res Treat. 2013;135(2):355-66.

Byrski T, et al. Pathologic complete response rates in young women with BRCA1-positive
breast cancers after neoadjuvant chemotherapy. J Clin Oncol. 2010;28(3):375-9.

Byrski T, et al. Results of a phase II open-label, non-randomized trial of cisplatin chemo-
therapy in patients with BRCA1l-positive metastatic breast cancer. Breast Cancer Res.
2014;14(4):R110.

Silver DP, et al. Efficacy of neoadjuvant Cisplatin in triple-negative breast cancer. J Clin
Oncol. 2010;28(7):1145-53.

Wysocki PJ, et al. Primary resistance to docetaxel-based chemotherapy in metastatic breast
cancer patients correlates with a high frequency of BRCA1 mutations. Med Sci Monit.
2008;14(7):SC7-10.

Byrski T, et al. Response to neo-adjuvant chemotherapy in women with BRCA1-positive
breast cancers. Breast Cancer Res Treat. 2008;108(2):289-96.

Kriege M, et al. The efficacy of taxane chemotherapy for metastatic breast cancer in BRCA1
and BRCA2 mutation carriers. Cancer. 2012;118(4):899-907.

Anders CK, et al. Poly(ADP-Ribose) polymerase inhibition: “targeted” therapy for triple-
negative breast cancer. Clin Cancer Res. 2010;16(19):4702-10.

Fong PC, et al. Inhibition of poly(ADP-ribose) polymerase in tumors from BRCA mutation
carriers. N Engl J Med. 2009;361(2):123-34.

Tutt A, et al. Oral poly(ADP-ribose) polymerase inhibitor olaparib in patients with BRCA1
or BRCA2 mutations and advanced breast cancer: a proof-of-concept trial. Lancet.
2010;376(9737):235-44.

Friebel TM, Domchek SM, Rebbeck TR. Modifiers of cancer risk in BRCA1 and BRCA2
mutation carriers: systematic review and meta-analysis. J Natl Cancer Inst.2014;106(6):dju091.
Chin J, Konje JC, Hickey M. Levonorgestrel intrauterine system for endometrial protection
in women with breast cancer on adjuvant tamoxifen. Cochrane Database Syst Rev.
2009;(4):CD007245.

Shi Q, et al. The role of levonorgestrel-releasing intrauterine system for endometrial protec-
tion in women with breast cancer taking tamoxifen. Eur J Gynaecol Oncol. 2014;35(5):
492-8.

Fu Y, Zhuang Z. Long-term effects of levonorgestrel-releasing intrauterine system on
tamoxifen-treated breast cancer patients: a meta-analysis. Int J Clin Exp Pathol. 2014;7(10):
6419-29.

Trinh XB, et al. Use of the levonorgestrel-releasing intrauterine system in breast cancer
patients. Fertil Steril. 2008;90(1):17-22.

Lyytinen HK, et al. A case-control study on hormone therapy as a risk factor for breast cancer
in Finland: Intrauterine system carries a risk as well. Int J Cancer. 2010;126(2):483-9.
Kwon JS, et al. Prophylactic salpingectomy and delayed oophorectomy as an alternative for
BRCA mutation carriers. Obstet Gynecol. 2013;121(1):14-24.

Schenberg T, Mitchell G. Prophylactic bilateral salpingectomy as a prevention strategy in
women at high-risk of ovarian cancer: a mini-review. Front Oncol. 2014;4:21.



7

61

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

Reproductive Issues in BRCA Mutation Carriers 929

. Charlton BM, et al. Oral contraceptive use and mortality after 36 years of follow-up in the
Nurses’ Health Study: prospective cohort study. BMJ. 2014;349:26356.

Bernholtz S, et al. Cancer risk in Jewish BRCA1 and BRCA2 mutation carriers: effects of
oral contraceptive use and parental origin of mutation. Breast Cancer Res Treat. 2011;
129(2):557-63.

Cibula D, et al. Oral contraceptives and risk of ovarian and breast cancers in BRCA mutation
carriers: a meta-analysis. Expert Rev Anticancer Ther. 2011;11(8):1197-207.

Jernstrom H, et al. Impact of teenage oral contraceptive use in a population-based series of
early-onset breast cancer cases who have undergone BRCA mutation testing. Eur J Cancer.
2005;41(15):2312-20.

Kotsopoulos J, et al. Timing of oral contraceptive use and the risk of breast cancer in BRCA1
mutation carriers. Breast Cancer Res Treat. 2014;143(3):579-86.

Gadducci A, et al. Gynaecologic challenging issues in the management of BRCA mutation
carriers: oral contraceptives, prophylactic salpingo-oophorectomy and hormone replacement
therapy. Gynecol Endocrinol. 2010;26(8):568-77.

Narod SA, et al. Oral contraceptives and the risk of breast cancer in BRCA1 and BRCA2
mutation carriers. J Natl Cancer Inst. 2002;94(23):1773-9.

Iodice S, et al. Oral contraceptive use and breast or ovarian cancer risk in BRCA1/2 carriers:
a meta-analysis. Eur J Cancer. 2010;46(12):2275-84.

Moorman PG, et al. Oral contraceptives and risk of ovarian cancer and breast cancer among
high-risk women: a systematic review and meta-analysis. J Clin Oncol. 2013;31(33):
4188-98.

Grenader T, et al. BRCA1 and BRCA2 germ-line mutations and oral contraceptives: to use or
not to use. Breast. 2005;14(4):264-8.

Lee E, et al. Effect of reproductive factors and oral contraceptives on breast cancer risk in
BRCA1/2 mutation carriers and noncarriers: results from a population-based study. Cancer
Epidemiol Biomarkers Prev. 2008;17(11):3170-8.

Haile RW, et al. BRCA1 and BRCA2 mutation carriers, oral contraceptive use, and breast
cancer before age 50. Cancer Epidemiol Biomarkers Prev. 2006;15(10):1863-70.

Milne RL, et al. Oral contraceptive use and risk of early-onset breast cancer in carriers and
noncarriers of BRCA1 and BRCA2 mutations. Cancer Epidemiol Biomarkers Prev.
2005;14(2):350-6.

Althuis MD, et al. Breast cancers among very young premenopausal women (United States).
Cancer Causes Control. 2003;14(2):151-60.

Tavani A, et al. Risk factors for breast cancer in women under 40 years. Eur J Cancer.
1999;35(9):1361-7.

Kotsopoulos J, et al. Age at menarche and the risk of breast cancer in BRCA1 and BRCA2
mutation carriers. Cancer Causes Control. 2005;16(6):667-74.

Collaborative Group on Hormonal Factors in Breast Cancer. Breast cancer and breastfeeding:
collaborative reanalysis of individual data from 47 epidemiological studies in 30 countries,
including 50302 women with breast cancer and 96973 women without the disease. Lancet.
2002;360(9328):187-95.

Clavel-Chapelon F, Gerber M. Reproductive factors and breast cancer risk. Do they differ
according to age at diagnosis? Breast Cancer Res Treat. 2002;72(2):107-15.

Narod SA. Modifiers of risk of hereditary breast and ovarian cancer. Nat Rev Cancer.
2002;2(2):113-23.

Cullinane CA, et al. Effect of pregnancy as a risk factor for breast cancer in BRCA1/BRCA2
mutation carriers. Int J Cancer. 2005;117(6):988-91.

Andrieu N, et al. Pregnancies, breast-feeding, and breast cancer risk in the International
BRCA1/2 Carrier Cohort Study (IBCCS). J Natl Cancer Inst. 2006;98(8):535—44.

Antoniou AC, et al. Parity and breast cancer risk among BRCA1 and BRCA2 mutation car-
riers. Breast Cancer Res. 2006;8(6):R72.

Milne RL, et al. Parity and the risk of breast and ovarian cancer in BRCA1 and BRCA2 muta-
tion carriers. Breast Cancer Res Treat. 2010;119(1):221-32.



100

84

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

S. Paluch-Shimon et al.

. Pan H, et al. Reproductive factors and breast cancer risk among BRCA1 or BRCA2 mutation
carriers: results from ten studies. Cancer Epidemiol. 2014;38(1):1-8.

Lecarpentier J, et al. Variation in breast cancer risk associated with factors related to pregnan-
cies according to truncating mutation location, in the French National BRCA1 and BRCA2
mutations carrier cohort (GENEPSO). Breast Cancer Res. 2012;14(4):R99.

Jernstrom H, et al. Breast-feeding and the risk of breast cancer in BRCA1 and BRCA2 muta-
tion carriers. J Natl Cancer Inst. 2004;96(14):1094-8.

Kotsopoulos J, et al. Breastfeeding and the risk of breast cancer in BRCA1 and BRCA2
mutation carriers. Breast Cancer Res. 2012;14(2):R42.

Finch A, Evans G, Narod SA. BRCA carriers, prophylactic salpingo-oophorectomy and
menopause: clinical management considerations and recommendations. Womens Health
(Lond Engl). 2012;8(5):543-55.

Valentini A, et al. Chemotherapy-induced amenorrhea in patients with breast cancer with a
BRCAT1 or BRCA2 mutation. J Clin Oncol. 2013;31(31):3914-9.

Tea MK, et al. Association of BRCA1/2 mutations with FMR1 genotypes: effects on menar-
cheal and menopausal age. Maturitas. 2013;75(2):148-51.

Pal T, et al. Fertility in women with BRCA mutations: a case-control study. Fertil Steril.
2010;93(6):1805-8.

Finch A, et al. Frequency of premature menopause in women who carry a BRCA1 or BRCA2
mutation. Fertil Steril. 2013;99(6):1724-8.

Lin WT, et al. Comparison of age at natural menopause in BRCA1/2 mutation carriers with a
non-clinic-based sample of women in northern California. Cancer. 2013;119(9):1652-9.
Oktay K, et al. Association of BRCA1 mutations with occult primary ovarian insufficiency:
a possible explanation for the link between infertility and breast/ovarian cancer risks. J Clin
Oncol. 2010;28(2):240-4.

Wang ET, et al. BRCA1 germline mutations may be associated with reduced ovarian reserve.
Fertil Steril. 2014;102(6):1723-8.

Kotsopoulos J, et al. Infertility, treatment of infertility, and the risk of breast cancer among
women with BRCA1 and BRCA2 mutations: a case-control study. Cancer Causes Control.
2008;19(10):1111-9.

Moslehi R, et al. Impact of BRCA mutations on female fertility and offspring sex ratio. Am
J Hum Biol. 2010;22(2):201-5.

Oktay K, et al. Age-related decline in DNA repair function explains diminished ovarian
reserve, earlier menopause, and possible oocyte vulnerability to chemotherapy in women
with BRCA mutations. J Clin Oncol. 2014;32(10):1093-4.

French JD, et al. Disruption of BRCA1 function results in telomere lengthening and increased
anaphase bridge formation in immortalized cell lines. Genes Chromosomes Cancer.
2006;45(3):277-89.

McPherson JP, et al. A role for Brcal in chromosome end maintenance. Hum Mol Genet.
2006;15(6):831-8.

Bau DT, et al. Breast cancer risk and the DNA double-strand break end-joining capacity of
nonhomologous end-joining genes are affected by BRCAI. Cancer Res. 2004;64(14):
5013-9.

Zhong Q, et al. BRCAL facilitates microhomology-mediated end joining of DNA double
strand breaks. J Biol Chem. 2002;277(32):28641-7.

Bae I, et al. BRCA1 induces antioxidant gene expression and resistance to oxidative stress.
Cancer Res. 2004;64(21):7893-909.

Titus S, et al. Impairment of BRCA1-related DNA double-strand break repair leads to ovarian
aging in mice and humans. Sci Transl Med. 2013;5(172):172ra21.

Giscard d’Estaing S, et al. Upregulation of the BRCA1 gene in human germ cells and in
preimplantation embryos. Fertil Steril. 2005;84(3):785-8.

Gleicher N, Weghofer A, Barad DH. Ovarian reserve determinations suggest new function of
FMRI1 (fragile X gene) in regulating ovarian ageing. Reprod Biomed Online. 2010;20(6):
768-75.



7 Reproductive Issues in BRCA Mutation Carriers 101

107.

108.

109.

110.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Brandao RD, et al. FMRI1 low sub-genotype does not rescue BRCA1/2-mutated human
embryos and does not explain primary ovarian insufficiency among BRCA1/2-carriers. Hum
Reprod. 2013;28(8):2308-11.

Prostaglandins and abortion. I. intramuscular administration of 15-methyl prostaglandin
F2alpha for induction of abortion in weeks 10 to 20 of pregnancy. World Health Organization
Task Force on the Use of Prostaglandins for the Regulation of Fertility. Am J Obstet Gynecol.
1977;129(6):593-6.

Fortuno C, Labarta E. Genetics of primary ovarian insufficiency: a review. J Assist Reprod
Genet. 2014;31(12):1573-85.

Cox L, Liu JH. Primary ovarian insufficiency: an update. Int ] Womens Health. 2014;6:
235-43.

. Collins IM, et al. Do BRCA1 and BRCA2 mutation carriers have earlier natural menopause

than their noncarrier relatives? Results from the Kathleen Cuningham Foundation Consortium
for Research into Familial Breast Cancer. J Clin Oncol. 2013;31(31):3920-5.
Rzepka-Gorska I, et al. Premature menopause in patients with BRCA1 gene mutation. Breast
Cancer Res Treat. 2006;100(1):59-63.

Fusek M, Lin XL, Tang J. Enzymic properties of thermopsin. J Biol Chem. 1990;265(3):
1496-501.

Roness H, Kalich-Philosoph L, Meirow D. Prevention of chemotherapy-induced ovarian
damage: possible roles for hormonal and non-hormonal attenuating agents. Hum Reprod
Update. 2014;20(5):759-74.

Michaelson-Cohen R, et al. BRCA mutation carriers do not have compromised ovarian
reserve. Int J Gynecol Cancer. 2014;24(2):233-7.

Meirow D, Eldar-Geva T, Manela D, Brenghausen M, Shapira M, Raanani H. BRCA muta-
tion carriers do not show reduced ovarian reserve as demonstrated by IVF treatments out-
come, in ASRM. Fertil Steril: Honolulu; 2014.

Smith KR, et al. Effects of BRCA1 and BRCA2 mutations on female fertility. Proc Biol Sci.
2012;279(1732):1389-95.

Smith KR, Hanson HA, Hollingshaus MS. BRCA1 and BRCA2 mutations and female fertil-
ity. Curr Opin Obstet Gynecol. 2013;25(3):207-13.

Broer SL, et al. Anti-Mullerian hormone: ovarian reserve testing and its potential clinical
implications. Hum Reprod Update. 2014;20(5):688-701.

Rodriguez-Wallberg KA, Oktay K. Fertility preservation in women with breast cancer. Clin
Obstet Gynecol. 2010;53(4):753-62.

Meirow D, et al. Toxicity of chemotherapy and radiation on female reproduction. Clin Obstet
Gynecol. 2010;53(4):727-39.

Adams E, Hill E, Watson E. Fertility preservation in cancer survivors: a national survey of
oncologists’ current knowledge, practice and attitudes. Br J Cancer. 2013;108(8):1602-15.
Munster PN. Fertility preservation and breast cancer: a complex problem. Oncology
(Williston Park). 2013;27(6):533-9.

Moffat R, Guth U. Preserving fertility in patients undergoing treatment for breast cancer:
current perspectives. Breast Cancer (Dove Med Press). 2014;6:93-101.

Meirow D, et al. Tamoxifen co-administration during controlled ovarian hyperstimulation for
in vitro fertilization in breast cancer patients increases the safety of fertility-preservation
treatment strategies. Fertil Steril. 2014;102(2):488-95 e3.

Basille C, et al. Preimplantation genetic diagnosis: state of the art. Eur J Obstet Gynecol
Reprod Biol. 2009;145(1):9-13.

Sagi M, et al. Preimplantation genetic diagnosis for BRCA1/2-a novel clinical experience.
Prenat Diagn. 2009;29(5):508-13.

Derks-Smeets IA, et al. Hereditary breast and ovarian cancer and reproduction: an observa-
tional study on the suitability of preimplantation genetic diagnosis for both asymptomatic
carriers and breast cancer survivors. Breast Cancer Res Treat. 2014;145(3):673-81.

Ramon YCT, et al. Preimplantation genetic diagnosis for inherited breast cancer: first clinical
application and live birth in Spain. Fam Cancer. 2012;11(2):175-9.



102

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

S. Paluch-Shimon et al.

Hurley K, et al. Incorporating information regarding preimplantation genetic diagnosis into
discussions concerning testing and risk management for BRCA1/2 mutations: a qualitative
study of patient preferences. Cancer. 2012;118(24):6270-7.

Berliner JL, Fay AM, Practice Issues Subcommittee of the National Society of Genetic
Counselors’ Familial Cancer Risk Counseling Special Interest Group. Risk assessment and
genetic counseling for hereditary breast and ovarian cancer: recommendations of the National
Society of Genetic Counselors. J Genet Couns. 2007;16(3):241-60.

Staton AD, et al. Cancer risk reduction and reproductive concerns in female BRCA1/2 muta-
tion carriers. Fam Cancer. 2008;7(2):179-86.

Menon U, et al. Views of BRCA gene mutation carriers on preimplantation genetic diagnosis
as a reproductive option for hereditary breast and ovarian cancer. Hum Reprod. 2007;22(6):
1573-17.

Smith KR, et al. Fertility intentions following testing for a BRCA1 gene mutation. Cancer
Epidemiol Biomarkers Prev. 2004;13(5):733-40.

Quinn GP, et al. Conflict between values and technology: perceptions of preimplantation
genetic diagnosis among women at increased risk for hereditary breast and ovarian cancer.
Fam Cancer. 2009;8(4):441-9.

Ormondroyd E, et al. Attitudes to reproductive genetic testing in women who had a positive
BRCA test before having children: a qualitative analysis. Eur J Hum Genet. 2012;20(1):
4-10.

Meirow D, Ra’anani H, Biderman H. Ovarian tissue cryopreservation and transplantation: a
realistic, effective technology for fertility preservation. Methods Mol Biol. 2014;1154:
455-73.

Gamzatova Z, et al. Autotransplantation of cryopreserved ovarian tissue—effective method of
fertility preservation in cancer patients. Gynecol Endocrinol. 2014;30 Suppl 1:43-7.
Meirow D, et al. Searching for evidence of disease and malignant cell contamination in ovar-
ian tissue stored from hematologic cancer patients. Hum Reprod. 2008;23(5):1007-13.
Dolmans MM, et al. Reimplantation of cryopreserved ovarian tissue from patients with acute
lymphoblastic leukemia is potentially unsafe. Blood. 2010;116(16):2908-14.

Rosendahl M, et al. Evidence of residual disease in cryopreserved ovarian cortex from female
patients with leukemia. Fertil Steril. 2010;94(6):2186-90.

Rosendahl M, et al. Cryopreservation of ovarian tissue for fertility preservation: no evidence
of malignant cell contamination in ovarian tissue from patients with breast cancer. Fertil
Steril. 2011;95(6):2158-61.

Sanchez-Serrano M, et al. Malignant cells are not found in ovarian cortex from breast cancer
patients undergoing ovarian cortex cryopreservation. Hum Reprod. 2009;24(9):2238-43.
Rosendahl M, Greve T, Andersen CY. The safety of transplanting cryopreserved ovarian tis-
sue in cancer patients: a review of the literature. J Assist Reprod Genet. 2013;30(1):11-24.
Bastings L, et al. Autotransplantation of cryopreserved ovarian tissue in cancer survivors and
the risk of reintroducing malignancy: a systematic review. Hum Reprod Update. 2013;19(5):
483-506.



	Foreword
	Contents
	1: Epidemiology of Breast Cancer in Young Women
	1.1	 Frequency
	1.1.1	 Geographical Differences
	1.1.2	 Temporal Trends
	1.1.3	 Breast Cancer in Pregnancy

	1.2	 Clinical and Histopathological Characteristics of Breast Cancer Among Young Women
	1.2.1	 Stage
	1.2.2	 Histotypes
	1.2.3	 Grading
	1.2.4	 Hormone Receptor/HER2 Expression

	1.3	 Genetics
	1.4	 Risk Factors
	1.4.1	 Race and Ethnicity
	1.4.2	 Family History
	1.4.3	 Contralateral Breast Cancer
	1.4.4	 Hormonal Factors
	1.4.5	 Body Mass Index
	1.4.6	 Physical Activity
	1.4.7	 Diet and Selected Micronutrient Intake
	1.4.8	 Miscellaneous

	 Conclusion
	References

	2: Managing Breast Cancer in Young Women
	2.1	 Introduction
	2.2	 Diagnostic Work-Up: Specific Considerations in Young Patients
	2.2.1	 Diagnostic Imaging
	2.2.2	 Genetic Counseling

	2.3	 Surgical Management and Radiotherapy-Related Considerations in Young Patients
	2.3.1	 Surgery
	2.3.2	 Radiotherapy

	2.4	 Adjuvant Systemic Therapy
	2.4.1	 Chemotherapy and Trastuzumab
	2.4.2	 Endocrine Therapy
	2.4.3	 Neoadjuvant Therapy
	2.4.4	 Metastatic Breast Cancer

	2.5	 Take-Home Messages
	References

	3: Impact of Breast Cancer Treatment on Fertility
	3.1	 Introduction
	3.2	 Cytotoxic Chemotherapy and Targeted Therapies
	3.3	 Endocrine Therapy
	3.4	 Radiation Therapy
	3.5	 Surgical Treatment
	3.6	 Fertility Assessment After Breast Cancer Treatment
	3.7	 Psychosocial Impact of Fertility Impairment
	3.8	 BRCA Mutation Carriers
	3.9	 Contraception After Breast Cancer
	3.10	 Fertility and Advanced Breast Cancer
	 Conclusions
	References

	4: Fertility Preservation, ART, and Breast Cancer
	4.1	 Introduction
	4.2	 Mature Oocyte and Embryo Cryopreservation
	4.3	 Ovarian Tissue Cryopreservation
	4.4	 Ovarian Suppression with GnRH Analogs
	 Conclusion
	References

	5: Breast Cancer During Pregnancy
	5.1	 Introduction
	5.2	 Incidence
	5.3	 Diagnosis
	5.3.1	 Clinical Symptoms
	5.3.2	 Reasons for Diagnostic Delay
	5.3.3	 Radiology
	5.3.4	 Ultrasound
	5.3.5	 Magnetic Resonance
	5.3.6	 Biopsy

	5.4	 Prognosis
	5.5	 Treatment Options
	5.5.1	 Surgery
	5.5.2	 Radiotherapy
	5.5.3	 Chemotherapy
	5.5.4	 Hormonal Treatment
	5.5.5	 Biological Agents (Trastuzumab, Lapatinib)
	5.5.6	 Metastatic Disease

	5.6	 Attitudes
	5.6.1	 First Trimester
	5.6.2	 Second and Third Trimester

	5.7	 Foetal Outcomes
	5.8	 Breastfeeding
	 Conclusions
	References

	6: Pregnancy After Breast Cancer
	6.1	 Introduction
	6.2	 The Relationship Between Breast Cancer and Pregnancy
	6.3	 Pregnancy After Breast Cancer
	6.4	 Obstetrical and Neonatal Outcome
	6.5	 Breastfeeding After Breast Cancer
	6.6	 Childbearing Attitudes of Young Breast Cancer Survivors
	6.7	 Breast Cancer, Pregnancy and Breastfeeding in BRCA1/2 Mutation Carriers
	References

	7: Reproductive Issues in BRCA Mutation Carriers
	7.1	 BRCA1/2 Mutations and Breast Cancer: Introduction
	7.1.1	 Background
	7.1.2	 BRCA1/2 and Cancer Risk
	7.1.3	 Counseling
	7.1.4	 Clinicopathologic Characteristics and Prognosis
	7.1.5	 Treatment of BRCA1/2-Associated Breast Cancer

	7.2	 Hormonal Contraception in BRCA Mutation Carriers
	7.3	 Parity and Breastfeeding in BRCA Carriers
	7.3.1	 Age at Menarche
	7.3.2	 Parity
	7.3.3	 Breastfeeding

	7.4	 Ovarian Reserve and Infertility in BRCA Carriers
	7.5	 Premature Menopause
	7.5.1	 Chemotherapy-Induced Amenorrhea

	7.6	 Diminished Ovarian Reserve in BRCA Mutation Carriers
	7.7	 Fertility Preservation and Preimplantation Genetic Diagnosis (PGD) for BRCA Mutation Carriers
	7.7.1	 Fertility Preservation Protocols for Women with BRCA Mutations

	7.8	 Preimplantation Genetic Diagnosis (PGD) and Prenatal Diagnosis for BRCA Mutation Carriers
	7.9	 Ovarian Tissue Cryopreservation for Fertility Preservation in Women with BRCA Mutation
	 Conclusion
	References


