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Epidemiology

Philip D. Poorvu and Ann H. Partridge

1.1  Incidence and Time Trends

Breast cancer is the most common malignancy 
among women, with more than 1.3 million new 
breast cancers diagnosed annually worldwide, 
and the second leading cause of cancer death 
among women [1]. The disease is largely diag-
nosed in older women, with a median age at 
diagnosis of 61 [2], and less than 7% of cases 
are diagnosed among young women, includ-
ing about 1% prior to age 30 and 2.5% prior 
to age 35 [3]. The risk to an individual woman 
is about 1  in 1500 by age 30 and 1  in 200 by 
age 40 [3]. Although there is a higher incidence 
among young women in developed countries, 
there is fairly limited variation across the world, 
particularly as compared with older women 
among whom the incidence varies more widely 
(Fig. 1.1) [1, 2, 4, 5]. Yet, there are 10,500 young 
women diagnosed annually in the USA, greater 
than the incidence of both Hodgkin lymphoma 
and testis cancer [2, 6].

Due to changing reproductive patterns, imple-
mentation of breast cancer screening, and the use 
of peri- and postmenopausal hormone replace-
ment therapy (HRT), the overall incidence of 
breast cancer rose in the second half of the twen-

tieth century. As HRT use diminished abruptly 
in the early 2000s, rates of breast cancer subse-
quently declined [7]. While some figures have 
suggested a slight increase of 0.6% per year from 
1994 to 2012 [2], the incidence of breast can-
cer among young women has remained mostly 
stable over the past several decades, presum-
ably because young women were not subject 
to the factors that drove changes in incidence 
among older women [3, 4]. While one SEER 
analysis found a small increase in the incidence 
of de novo metastatic breast cancer (1.5–2.9 
cases/100,000 women from 1976 to 2009), this 
may be explained by improvements in the abil-
ity to detect distant disease using cross-sectional 
imaging and differential use of such imaging in 
young women in particular over time [8].

1.2  Risk Factors

1.2.1  Reproductive and Hormonal 
Factors

Several large cohort studies have identified risk 
factors for the development of breast cancer, 
many specifically for premenopausal breast can-
cer and fewer for breast cancer among young 
women. Younger age at menarche and older age 
at first-term pregnancy are more strongly associ-
ated with premenopausal than postmenopausal 
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breast cancer, though the incremental risks of 
each are low regardless of menopausal status 
[9], and data from the Nurses’ Health Study 
further showed that the impact is similar among 
premenopausal women diagnosed at age<40 
or ≥40 [9, 10]. However, the protective effect 
of parity appeared stronger in one study for 
postmenopausal breast cancer (~12% over-
all reduction for each full-term pregnancy) 
than premenopausal breast cancer (~3% over-
all reduction for each full-term pregnancy) 
[9], potentially because of the small increase 
in risk of breast cancer in the period imme-
diately following pregnancy, and pregnancy-
associated breast cancer largely occurs among 
women age<40 [4, 9, 11, 12]. Interestingly, the 
risk attributable to pregnancy appears slightly 
greater with later age at first pregnancy and 
is also greater and peaks later for uniparous 
women than biparous women [13]. The mecha-
nisms by which pregnancy exerts this “dual 
effect” of risk followed by protection are not 
well-defined [14]. Breastfeeding is well- known 
to reduce the risk of breast cancer and has been 
found specifically among young women to be 
protective, with an RR of 0.85 compared to 
women who did not breastfeed in a Nurses’ 
Health Study analysis [10].

While pregnancy may represent a short-term 
risk, oral contraceptives (OCs) have also been 
associated with a very modest increase in risk of 
breast cancer. One analysis of data aggregated 
from 54 studies found that risk is elevated among 
current OC users (RR 1.24), but returns to base-
line 10  years after discontinuing OCs [15]. A 
subsequent systematic review and meta-analysis 
also confirmed a small increase in risk among cur-
rent OC users that progressively decreases after 
discontinuing [16]. Importantly, multiple large 
prospective studies have failed to demonstrate an 
increase in risk of breast cancer following in vitro 
fertilization and non-IVF fertility medication use 
[17–20]. Several physiologic parameters, includ-
ing higher endogenous estradiol and testosterone 
levels, birth weight, growth rate, and peak height, 
have been associated with premenopausal breast 
cancer, but not specifically among young women 
[21–26].

1.2.2  Health Behaviors 
and Environmental Factors

Interestingly, weight and BMI are inversely 
associated with premenopausal breast cancer 
but positively associated with postmenopausal 
breast cancer, suggesting that the effect of obe-
sity is not mediated only through an increase in 
circulating endogenous estrogen [24, 26, 27]. 
Exercise has been associated with a dose-depen-
dent protective effect on the risk of premeno-
pausal breast cancer, with inconsistent findings 
regarding differential impact for the breast can-
cer subtypes [28–31].

There is great interest in identifying dietary 
patterns or specific foods that could be associated 
with either a protective or harmful effect on breast 
cancer risk in young women. Prior studies have 
established what appears to be a dose- dependent 
association between alcohol intake and breast 
cancer risk, with no apparent difference in risk 
among pre- and postmenopausal women [32–35]. 
Work on adolescent dietary patterns has identi-
fied an inflammatory dietary pattern, described as 
high in soft drinks, refined grains, and red meat 
and low in vegetable and coffee intake [36] and 
butter consumption (RR 1.06) as small risk fac-
tors for premenopausal breast cancer, while high 
dietary fiber (RR 0.78) and vegetable fat intake 
(0.85) were associated with a modest protective 
effect [37]. Additional data demonstrated that 
high intake of low-fat dairy products is associated 
with a lower risk of premenopausal breast cancer 
(RR 0.68), as was dairy calcium intake (RR 0.69) 
and total vitamin D (0.72), whereas there was no 
association with postmenopausal breast cancer 
[38]. The Mediterranean-style diet has been asso-
ciated with a lower risk of premenopausal breast 
cancer than a Western diet and is often recom-
mended, particularly since it may be more con-
ducive to weight loss [39–41].

Mantle radiation, once used frequently in the 
treatment of Hodgkin lymphoma but now admin-
istered rarely, is a strong risk factor for breast 
cancer among young women and, in one study, 
was associated with an estimated cumulative risk 
of 15% by age 40, which is on par with the risk 
in BRCA1 mutation carriers [42]. Therefore, HL 
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4

survivors previously treated with mantle radia-
tion may warrant more intensive screening and 
risk reduction strategies.

1.2.3  Race

In the USA, the burden of breast cancer among 
young women is not distributed proportion-
ally across demographic subgroups. African- 
American women account for 14% of cases 
among women age≤40 and 8% >40, whereas 
Caucasian women account for 76% of cases 
among women ≤40 and 85% among women >40 
[43]. Across age groups, including young women, 
African-American women are diagnosed with 
a higher rate of triple-negative and later-stage 
breast cancers than other racial groups [44–47].

1.2.4  Genetic Risk Factors

Breast cancer patients are enriched for delete-
rious germline mutations, with a prevalence of 
10% among unselected patients, 60% of which 
occur in the BRCA1 or BRCA2 genes and 40% 
in lower-penetrance genes, including ATM, 
BRIP1, CHEK2, and PALB2 [48, 49]. The 
cumulative incidence of developing breast can-
cer is greater for BRCA1 than BRCA2 muta-
tions: 0.02 vs.0 by age 30, 0.17 vs.0.04 by age 
40, 0.35 vs.0.09 by age 50, 0.41 vs.0.26 by age 
60, and 0.52 vs.0.32 by age 70 for BRCA1 and 
BRCA2 mutation carriers, respectively [50]. 
Because these germline mutations predispose 
to early- onset cancers, young women have an 
even greater prevalence of about 16%, ¾ of 
which are mutations in BRCA1 or BRCA2 and 
the remaining ¼ in other lower-penetrance genes 
[49]. BRCA1 and BRCA2 mutations are more 
common among Ashkenazi Jewish women with 
a prevalence of 1  in 40 unaffected women [51, 
52]. However, BRCA mutations are not limited 
to higher-risk populations as evidenced by data 
from the Florida Cancer Registry, which demon-
strated that 13% of black women diagnosed at 
age<50 have a BRCA1 or BRCA2 mutation[53], 
and another series that found BRCA mutations 

in 24% of young Mexican women with triple-
negative breast cancer[54].

1.3  Features of Breast Cancer 
in Young Women

1.3.1  Stage, Grade, and Tumor 
Subtypes

Young women have more extensive disease 
involvement at diagnosis relative to their older 
counterparts, with a greater proportion presenting 
with larger tumors (50% vs. 36% T2–T4), lymph 
node involvement (39% vs. 25% node positive 
and 29% vs. 18% with >3 nodes involved), and 
higher stage (56% vs. 40% stage II or higher), 
in one study[43]. Although many patients and 
clinicians may assume that a breast abnormality 
in a young woman is more likely to represent a 
benign entity, diagnostic delays are uncommon 
and do not appear to be the primary driver of the 
greater disease burden at presentation for most 
patients[55]. The differences in extent of disease 
are due in part to the lack of breast cancer screen-
ing for young women but also due at least in part 
to known differences in the frequency of the vari-
ous breast cancer subtypes between age groups. 
Relative to older women, young women more 
frequently have high-grade tumors (43% vs. 26%, 
in one study), which are associated with a worse 
prognosis and often require more intensive sys-
temic therapy [43]. Young women are also more 
likely to have triple-negative and HER2+ disease 
[56, 57]. Of cancers diagnosed among young 
women, about 60–66% are ER-positive and 
25–33% HER2+ [43, 57–59]. One study found 
that 49% were HR+/HER2−, 23% HR−/HER2−, 
18% HR+/HER+, and 10% HR−/HER2+ [57]. 
A large prospective cohort study also found that 
young women appear to have a greater incidence 
of luminal B subtype cancers (35%) and lower 
incidence of luminal A subtype cancers (33%), 
relative to published data for older women [58]. 
In one very large dataset, among women with 
ER-positive disease for whom genomic testing 
was sent presumably for clinical testing, young 
women appeared to have a right-shifted distri-

P. D. Poorvu and A. H. Partridge
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bution of Oncotype Dx Recurrence Scores, with 
48%, 38%, and 14% having low, intermediate, 
and high risk scores, respectively, vs. 60%, 33%, 
and 7% among women age 40–49 [60]. Molecular 
analysis of breast cancers from The Cancer 
Genome Atlas (TCGA) has found that GATA3 
mutations are more common among young 
women, though the significance of this finding in 
breast cancer development is not yet clear [61].

1.3.2  Independent Risk of Young 
Age

Even accounting for the greater incidence of 
poor prognostic features, several studies have 
confirmed that young age is an independent risk 
factor for disease recurrence and death [43, 56, 
62]. Interestingly, this increase in risk appears to 
be subtype-dependent, with young age particu-
larly prognostic for women with luminal A (HR 
2.1) and luminal B (1.4) tumors and less so for 
triple- negative and HER2-positive tumors [63], 
perhaps due to less effective endocrine thera-
pies for young premenopausal women and a less 
robust chemohormonal effect from adjuvant che-
motherapy [64]. Similarly, the independent risk 
of young age on breast cancer-specific mortality 
appears limited to women with stage I (HR 1.4) 
and II (HR 1.1) disease, but not stage III (HR 1.0) 
disease [43]. Inadequate approaches to endocrine 
therapy along with poor adherence (see endo-
crine therapy and adherence section later in 
chapter) have been issues for young women [65]. 
Given recent data supporting the use of ovarian 
function suppression for young patients, it will 
be important to assess patterns of care for young 
women to ensure optimization of their endo-
crine therapy and hopefully address excess risk 
in young women with luminal subtype cancers 
[66, 67]. While young age is predictive of greater 
chemotherapy benefit in terms of breast cancer- 
specific and overall mortality, breast cancer is 
still a very heterogeneous disease among young 
women, and therapies must be tailored to the 
individual’s disease features [68]. Young women 
are at particular risk for over-treatment and stand 
to suffer the greatest burden of toxicities from 

chemotherapy. Hopefully, the effect of age will 
fade with improved tumor subtyping and more 
effective targeted approaches.

Disparities exist in outcomes as well, as 
demonstrated by relatively poor 5-year disease- 
specific survival rates of 79% for black women 
vs. 90% for white women [69]. Furthermore, the 
rate of improvement in survival outcomes has 
been slower for young black women with a haz-
ard of death in 2005 relative to 1990 of 0.68 for 
young black women and 0.55 for young white 
women [69]. Decreased rates of adherence to 
endocrine therapy contribute to these dispari-
ties, and additional research efforts are needed to 
identify and address other drivers [70, 71].

1.3.3  Unique Treatment

The general approach to treatment of young 
women with breast cancer, outside of endocrine 
therapy, is similar to that of middle-aged women. 
However, differences in local and systemic ther-
apy may be driven not only by concerns about 
higher risk in young patients but also by the 
unique psychosocial and reproductive issues, as 
well as the more common genetic predisposi-
tion that young women face, which is discussed 
in greater detail in subsequent chapters [72]. It 
is important to note that young women gener-
ally do participate in clinical trials as much if not 
more than older women. However, unless a study 
is focused on young women, they usually only 
represent a small minority of participants. Thus, 
clinicians may not feel comfortable adopting 
newer treatment paradigms for young patients, 
particularly those that aim to de-escalate treat-
ment, given the natural inclination to treat young, 
otherwise healthy individuals more aggressively.

Young women have historically faced a 
higher risk of locoregional recurrence (LRR) 
with breast-conserving surgery (BCS) relative 
to older women, with studies demonstrating up 
to a fivefold higher risk; however, BCS is not 
associated with worse overall survival relative 
to mastectomy in women of all ages [72–77]. 
The risk of locoregional recurrence is felt to be 
acceptably low, and BCS has therefore remained 
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the standard approach for appropriate candidates 
[72]. LRR rates have declined substantially over 
the past decades likely due to improvements in 
 diagnostic and surgical techniques and the devel-
opment of effective targeted therapies (i.e., anti-
HER2 antibodies) [78–80]. The higher incidence 
of lymph node involvement and resultant need 
for post-mastectomy radiation among young 
women makes BCS even more desirable for suit-
able candidates, given the effects of radiation on 
the reconstructed breast. However, BCS rates fell 
by more than 15% and the rate of bilateral mas-
tectomy rose from 3.6% to 33% between 1998 
and 2011 [74]. This phenomenon is complex and 
driven by multiple factors, including the uptake 
of preoperative MRI and misperceptions about 
risk reduction from contralateral prophylactic 
mastectomy [75, 81–83].

Young women also receive more adjuvant 
chemotherapy than older women, both within 
and outside the USA.  In a Swedish registry, 
chemotherapy usage was 65%, 61%, 46%, and 
27% among women age 20–34, 35–39, 40–49, 
and 50–69, with only a small proportion of the 
variability due to differences in disease charac-
teristics and suitability for treatment [56]. Within 
large prospective cohorts in the UK, South Korea, 
and Saudi Arabia, the rate of chemotherapy usage 
has exceeded 85% [59, 84, 85].

Over the past decade, multiple genomic assays 
have been implemented that are both prognostic 
and predictive of disease recurrence and better 
inform selection for adjuvant chemotherapy in 
HR+/HER2− breast cancer [86–88]. A retrospec-
tive, population-based study found that chemother-
apy usage was more frequent for young women 
with intermediate risk scores (age<40, 55%; age 
40–49, 46%; age 50–59, 37%) and low risk scores 
(node negative, age<40, 18%; age 40–49, 12%; 
age 50–59, 7%; node positive, age<40, 55%; age 
40–49, 37%; age 50–59, 27%) [89].

1.3.4  Adherence

Endocrine therapy (ET) improves disease-free 
and overall survival in women of all ages, there-
fore ensuring optimal access, and adherence to 

ET is an important aspect of breast cancer care 
[68]. The converse is also true—poor adherence 
has been associated with increased rates of breast 
cancer recurrence and poorer survival (HR 1.2) 
[90]. Young women are more likely than older 
women to be non-adherent to endocrine therapy, 
with about a third discontinuing ET early and 
another quarter using ET inconsistently, yielding 
only about half of women who are fully adher-
ent through the 5 years of treatment [91, 92]. A 
large prospective study found that of 515 pre-
menopausal women, including some age 41–45, 
13% did not initiate tamoxifen, 16% discontin-
ued tamoxifen prior to 5 years, and 71% persisted 
with tamoxifen through 5  years [93]. Women 
concerned about future fertility were significantly 
more likely not to initiate ET (OR 5.0) or discon-
tinue early (OR 1.8) [93]. Therefore, attention to 
fertility, including counseling on risks of treat-
ment and age-related decline in ovarian reserve 
as well as fertility preservation options, may be 
an important strategy for improving adherence 
among young women [94]. Vasomotor, gyneco-
logic, and sexual side effects and the fear of devel-
oping side effects, particularly in young women, 
are important drivers of nonadherence, including 
both non-initiation and non- persistence, and pro-
active counseling and early management of ET 
side effects with behavioral and pharmacologic 
approaches are critical and may address this 
source of nonadherence [93, 95, 96].

1.4  Special Considerations 
for Young Women

Breast cancer not only threatens a patient’s phys-
ical well-being, but for a young woman it also 
threatens several aspects of life that are inte-
gral to role functioning. The diagnosis comes 
at a time when many are interested in building 
a family, and the recommended treatment may 
impair future fertility. Most young women are 
treated with gonadotoxic chemotherapy and the 
risk of amenorrhea, a frequently used surrogate 
for fertility, is heavily dependent upon age and 
treatment regimen [97]. Prospective studies 
have found that the risk of chemotherapy-related 
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amenorrhea (CRA) is low for women under age 
35 (15%) and even lower for women age<30 [98, 
99]. Ovarian reserve naturally starts to decline 
more rapidly around age 35 and the risk of CRA 
thereafter increases to about 30% for women age 
35–40 and>50% for women age>40 [98, 99]. 
Fertility is a primary issue for young women 
and, at the time of diagnosis, the majority report 
being concerned about the risk of becoming 
infertile with treatment, particularly those who 
are nulliparous, very young, and receiving che-
motherapy [100]. Pregnancy after breast cancer, 
including the impact on breast cancer outcomes 
and fertility preservation techniques, is discussed 
in greater detail in Chap. 17.

Gonadotoxic chemotherapy and endocrine 
therapy also place young women at risk for pre-
mature menopause and associated short-term side 
effects, such as vasomotor symptoms and sexual 
dysfunction, as well as long-term side effects, 
such as osteoporosis, heart disease, and cognitive 
side effects [101–104]. Menopausal symptoms 
are prevalent among young women, including 
hot flashes (40%), dyspareunia (40%), vagi-
nal dryness (50%), and breast sensitivity (50%) 
[105]. About 60% of women also report cogni-
tive side effects, including difficulty concentrat-
ing and forgetfulness, and the performance on 
neurocognitive testing of survivors is worsened 
by chemotherapy and further by the addition 
of endocrine therapy to chemotherapy, though 
reported symptoms do not necessarily correlate 
to performance [104, 105]. While menopausal 
symptoms are more prevalent among postmeno-
pausal and perimenopausal patients, women who 
are premenopausal at diagnosis and subsequently 
undergo a menopausal transition as a result of 
adjuvant therapy experience an even greater bur-
den of vasomotor symptoms [106]. Sexual health 
is frequently a concern for young women, with 
up to 40% of women reporting issues with sexual 
interest and 60% with physical sexual function 
(see Chap. 16) [107].

Young women with breast cancer are also at 
greater risk of gaining weight than other age- 
matched women and older patients, with up to 
50% of women reporting weight gain during 
treatment [108–110]. A very high proportion 

of young survivors (~70%) also report dissat-
isfaction with their physical appearance [111]. 
Obesity has been associated with worse survival 
outcomes, particularly among premenopausal 
women [108, 112]. Young women may become 
less physically active early in treatment, likely 
contributing to the increase in weight gain expe-
rienced by those undergoing chemotherapy, but 
activity levels subsequently increase over the fol-
lowing year [113]. Exercise is associated with a 
dose-dependent reduction in risk of breast cancer 
death among survivors and is discussed in greater 
detail in Chap. 16 [114].

Due at least in part to these unique issues, 
young women experience a greater detriment 
to their psychosocial functioning and quality of 
life, both physical and mental [115, 116]. Given 
their developmental stage, young women also 
often need to try to balance their education or 
early career goals and also manage parenting 
issues for young children at a time of significant 
stress. Young women are more likely to report 
depressive symptoms and for their symptoms to 
reach the threshold of clinical depression [116, 
117]. Factors associated with worse quality of 
life include a greater burden of symptoms (i.e., 
pain, menopausal symptoms) as well as relation-
ship and body image issues, whereas improved 
social support and functioning (i.e., employment) 
are associated with improved quality of life and 
exercise with improved health-related quality of 
life [104, 109, 116, 118, 119]. These issues along 
with approaches to psychosocial support are dis-
cussed in Chap. 17.

1.5  Summary

Young women are a minority population of 
women diagnosed with breast cancer. However, 
their unique concerns and disparate outcomes 
warrant focused attention. Dedicated psycho-
social and clinical programming as well as 
research designed to address questions impor-
tant to this population should help to provide 
additional support and information to improve 
care and outcomes for young women with breast 
cancer.
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2.1  Introduction

For the past three decades, it has been consis-
tently shown that breast cancers arising in young 
women are associated with more aggressive clin-
icopathological features [1]. While the absence 
of screening programs in young women could 
partly explain the higher tendency of diagnos-
ing tumors at a relatively advanced clinical stage, 
the association with aggressive pathological fea-
tures remained hard to reconcile. This include 
more poorly differentiated and estrogen receptor- 
negative tumors [2–4]. While this would partly 
contribute to the poor prognosis observed in 
young breast cancer patients, interestingly several 
studies have found that young age remains a poor 
prognostic parameter independent of differences 
in tumor stage and pathological features [4–6]. 
This poor prognosis was observed more promi-
nently in estrogen receptor-positive tumors or the 

luminal subtypes [4, 7]. This suggests that age is 
not just a surrogate for aggressive pathological 
features and that the biological makeup of these 
tumors is possibly more complex. It is plausible 
that the endocrine changes that take place dur-
ing the reproductive age and changes occurring 
during pregnancy possibly influence the biology 
of these tumors, either directly or in a paracrine 
fashion via modulating the breast microenvi-
ronment. This would render these tumors rather 
biologically unique, as compared to their older 
counterparts.

Here we discuss key elements pertaining to 
the biology of tumors arising in young patients 
that could possibly open the door for defining tai-
lored therapeutic interventions for these patients.

2.2  Gene Expression Profiling

Since the apparition of microarrays that allowed 
the evaluation of thousands of genes simulta-
neously to the high-throughput whole genome 
sequencing, the technological advances that 
have been made in the “omics” field have greatly 
improved our understanding of the biology of 
breast cancer in young women. This includes the 
characterization of breast cancer molecular sub-
types but also key mRNA deregulations that were 
described in tumors arising at a young age.
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2.2.1  Enrichment of Basal-Like 
Tumors in Young Women

In 2008, Anders et al. [8] published the first large- 
scale genomic analysis aiming to describe the 
biology of breast cancer in young women using 
gene expression profiling. This study included 
411 patients with early-stage breast cancer from 
four publicly available datasets. They compared 
two groups: 200 patients classified as young 
(≤45  years) versus 211 patients classified as 
older (≥65 years). First, they focused the analy-
sis on single genes that are routinely evaluated in 
standard practice and found that breast cancer in 
young patients is characterized by lower mRNA 
expression of estrogen receptor (ER) and pro-
gesterone receptor (PgR). This was in line with 
earlier studies that have reported a higher per-
centage of hormone receptor (HR)-negative dis-
ease in young women [9, 10]. In addition, they 
found a higher expression of human epidermal 
growth factor receptor 2 (HER- 2) and epithelial 
growth factor receptor (EGFR) in breast cancer 
from young patients, an association not found 
consistently in prior studies [10, 11].

Subsequently, Azim Jr et al. [4] conducted the 
largest study so far to study the biology of breast 
cancer in young women by using gene expres-
sion data from 20 different datasets comprising 
a total of 3522 patients. They found that com-
pared to patients 65 years or older, young breast 
cancer patients (≤40  years) have nearly double 
the proportion of basal-like tumors (34.3% vs. 
17.9%) but half the luminal A subtype (17.2% 
vs. 35.4%). Further work by the same group has 
highlighted that unlike postmenopausal breast 
cancer, ER-positive tumors arising in young 
women are predominantly the highly prolifera-
tive luminal B subtype and not the more indolent 
luminal A one [12].

Later on, Jenkins et al. [13] analyzed the dis-
crepancy between the subtypes classified either by 
conventional immunohistochemistry or molecu-
larly by PAM50 on around 4000 patients. One 
interesting finding is that in the younger group 
(<40 years), only 67% of the luminal patients by 
IHC (HR+/HER2−) were correctly classified as 
luminal A/B compared to 86% in the older group 

(>70 years). On the contrary, 80% of the triple-
negative patients by IHC (HR−/HER2−) were 
correctly classified by PAM50 as basal-like com-
pared to 57% in the older group (>70 years). This 
might indicate that in young patients, luminal 
breast cancer as defined by classical IHC could 
be enriched in more aggressive basal-like tumors 
and hence their poorer prognosis.

2.2.2  Unique Transcriptomic 
Alterations in Young Women

To further elucidate the biology of breast cancer 
diagnosed in young women, Azim Jr et al. evalu-
ated the expression of more than 50 genes and 
gene signatures that are known to play a key role 
in breast cancer according to age [4]. Importantly, 
they tried to address if expression is related to age 
independent of differences in stage and molecu-
lar subtype. They found 12 genes and gene signa-
tures significantly associated with age including 
higher expression of genes related to “stemness” 
like mammary stem cell signature, luminal pro-
genitor signature, RANK-ligand (RANKL), and 
c-kit. The mammary stem cells are hormone 
receptor-negative cells known to give rise to 
mature epithelium of either the luminal or myo-
epithelial lineage via a series of lineage-restricted 
intermediates including luminal progenitors [14]. 
Other key molecular aberrations in tumors diag-
nosed in young women included deregulation of 
growth factor signaling like mitogen-activated 
protein kinase (MAPK) and phosphoinositide 
3-kinase (PI3K) pathways. Moreover, breast can-
cer from young women was also enriched in a 
gene signature related to BRCA1 mutation which 
is consistent with the relatively high prevalence 
of BRCA1 mutations in younger patients [15, 16]. 
Further work by the same group has confirmed 
the enrichment of gene expression signatures 
related to endocrine resistance, proliferation, 
stem cells, and Notch signaling [11].

Several important messages and hypotheses 
could be derived from these findings. It is plausi-
ble that as women in their childbearing years have 
breast tissue enriched in stem cells to prepare for 
a potential pregnancy, this microenvironment, 
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which is very sensitive to growth factor, could 
also promote tumor growth [17–19]. Increased 
number of luminal progenitors—the cell of ori-
gin of basal-like breast cancer—in young breast 
tissue could possibly explain the high expression 
of their regulating gene, c-kit, in tumors arising 
in young patients [14]. BRCA1 and RANKL could 
also contribute to this phenomenon and this will 
be discussed later in more detail. Aberrations in 
PI3K and MAPK kinase pathways in addition 
to enrichment in endocrine resistance signature 
could all possibly explain, at least in part, the 
higher proportion of luminal B subtype (at the 
expense of luminal A) in younger women and the 
poorer outcome of ER-positive tumors in these 
patients.

2.3  Germline BRCA Mutation 
and the Interplay with PgR 
and RANKL Signaling

2.3.1  Germline BRCA Mutation 
in Young Breast Cancer 
Patients

Around 5–10% of breast cancers are secondary to 
germline mutations in either BRCA1 or BRCA2, 
which are tumor suppression genes, dynamically 
involved in maintenance of genome integrity 
[20]. Both genes are considered key compo-
nents of DNA homologous recombination repair 
pathway [21]; hence their loss leads to defective 
repair of damaged DNA, which increases cancer 
susceptibility.

Hence in BRCA1 and BRCA2 germline muta-
tion carriers, the overall incidence of breast can-
cer rises dramatically compared to non BRCA1/2 
carriers [22]. Interestingly, such risk is more 
remarkable among young women, reaching 73- 
and 46-fold in women between 21–30 years and 
31–40  years, respectively, for BRCA1, while 
in BRCA2, it is 60- and 20-fold in the two age 
groups, respectively [23]. Hence, diagnosis of 
breast cancer at a young age remains an absolute 
indication for germline BRCA testing [24], which 
currently has both preventive and therapeutic 
implications. In this context, Rosenberg et  al. 

have recently reported that in the USA, nearly all 
young breast cancer patients diagnosed in 2013 
are subjected to BRCA testing compared to only 
77% in 2006 [25].

Beyond the critical role of BRCA1 in DNA 
repair [21], it is also implicated in the control of 
mammary cellular differentiation [14]. BRCA1 
deficiency was shown to disrupt the differentia-
tion hierarchy present in the normal mammary 
gland and increases the proportion of the undif-
ferentiated mammary stem cells [14]. Molecular 
analysis of benign breast tissues from women 
with BRCA1 mutation revealed defects in pro-
genitor cell lineage commitment even before 
cancer development. Furthermore, disrupting 
BRCA1 in mice results in activation of epithelial- 
to- mesenchymal transition and induction of 
dedifferentiation of luminal progenitor cells, with 
accumulation of a luminal progenitor subset as 
a major cellular pool susceptible for neoplastic 
transformation [26]. Interestingly, the propor-
tion of the hormone receptor-negative tumors in 
women with BRCA1 mutations is highest among 
young women and gradually decreases with 
advanced age. These data runs in line with tran-
scriptomic findings discussed earlier, highlight-
ing how germline events impact the phenotype 
and molecular makeup of tumors diagnosed at a 
young age.

2.3.2  PgR and BRCA Crosstalk

On the other hand, BRCA1 plays an impor-
tant role in PgR degradation and was shown 
to inhibit progesterone-stimulated prolifera-
tion in breast cancer preclinical models [27]. 
Conversely, knockdown of endogenous BRCA1 
in in  vitro models was shown to significantly 
enhance progesterone- stimulated activity of 
PgR[27]. In breast cancer patients, the expres-
sion of PgR was significantly higher in benign 
breast epithelium adjacent to invasive breast 
carcinoma in BRCA1 mutation carriers com-
pared to sporadic cases [27]. Furthermore, 
serum progesterone levels were shown to be 
higher in healthy and breast cancer patients 
harboring a BRCA mutation compared to con-
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trols [27]. These findings suggest that BRCA1 
regulates PgR expression, which—and via its 
paracrine signaling—can be also implicated in 
BRCA1-related mammary carcinogenesis.

These biological considerations may pro-
vide relevant therapeutic insights. The appar-
ently inexplicable notion that, in BRCA1 
mutation carriers, prophylactic bilateral salpingo- 
oophorectomy is associated with reduced risk of 
developing breast cancer [28], despite the fact 
that BRCA1-associated tumors are mostly triple 
negative, could be possibly argued by the deple-
tion of progesterone, given its important infer-
ence in the evolution of BRCA1-related breast 
cancer. Of note, the protective effect of salpingo- 
oophorectomy is more pronounced when per-
formed before the age of 40.

2.3.3  RANKL Regulates PgR 
Signaling and Is Implicated 
in BRCA-Related Tumors

RANK and RANKL are principally recognized as 
the critical regulators of osteoclast maturation 
and activation and bone remodeling [29]. For 
many years now, targeting RANKL is recognized 
as an effective way to manage osteoporosis and 
reduce related skeletal events secondary to bone 
metastasis in patients with advanced cancers [29]. 
However, in recent years, there has been mount-
ing evidence on the potential role of RANKL in 
breast carcinogenesis, particularly pertaining to 
the development of the disease at a young age.

The potential role of RANKL in breast cancer 
initiation and progression was initially elucidated 
in 2010 by two back-to-back studies, which 
showed that the pivotal role of progesterone in 
mammary carcinogenesis is mostly mediated by 
RANK/RANKL signaling [30, 31]. The PgR- 
positive luminal cells were found to upregulate 
RANKL expression that subsequently interacts 
with the RANK receptors present on the sur-
face of mammary stem and luminal progenitor 
cells, which negatively express endocrine recep-
tor suggesting a paracrine effect of RANKL in 
regulating mammary stem cells. Further evi-
dence has also shown that administering RANKL 
inhibitor results in reducing mammary stem cell 

pool [32] and in significant delay in developing 
progesterone- induced tumors [30, 31].

Two years later, Azim Jr et al. further showed 
that the expression of RANKL in primary breast 
cancer is much higher in younger patients com-
pared to older counterparts [4]. In the same 
study, there was also high expression of signa-
tures related to BRCA mutation and mammary 
stem cells. Further experiments by the same 
group showed that expression is also high on 
adjacent normal tissue, particularly in pregnant 
breast cancer patients [33], underscoring the 
potential impact of the breast microenviron-
ment in altering tumor phenotype and possibly 
behavior.

Recently, two important studies shed light 
on the importance of RANK/RANKL signaling 
pathway in the context of BRCA1-related breast 
cancer [34, 35]. Sigl et  al. found that RANKL/
RANK signaling might have a role in the etiol-
ogy of BRCA1/2 mutation-driven breast cancer. 
They found that RANK was highly expressed in 
human BRCA mutation carriers compared to 
wild-type malignant breast tumors. In a mouse 
model, they showed that genetic inactivation of 
RANK protected from BRCA1 deletion-driven 
tumorigenesis. Nolan et  al. have further dem-
onstrated that RANK expression was highest in 
the luminal progenitor cells of BRCA1 mutation 
carriers compared to both wild-type and BRCA2 
mutation carriers [35]. BRCA1 mutations were 
shown to induce RANK/RANKL-dependent 
expansion of mammary luminal progenitor cells, 
which as mentioned earlier are the major cel-
lular subset responsible for the development of 
basal- like tumors [14]. The same group could 
also provide evidence that inhibition of RANKL 
has a substantial preventive effect on the devel-
opment of mammary hyperplasia and tumors in 
BRCA1- deficient mice [35]. In addition, lower 
osteoprotegerin (OPG) levels—the endogenous 
antagonist receptor for RANKL—have been 
reported among BRCA1 mutation carriers [36]. 
Importantly, women with high plasma OPG had a 
significantly decreased risk of developing breast 
cancer, compared to women with low OPG [37]. 
These data suggest that RANK/RANKL signal-
ing could represent a potential target for breast 
cancer prevention in BRCA1 mutation carriers.
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Taken together, RANKL has been identified as 
a pivotal paracrine mediator of progesterone sig-
naling, which is significantly deregulated during 
the process of BRCA1-associated oncogenesis 
(Fig. 2.1). The RANKL inhibitor, denosumab, is 
already indicated for postmenopausal, hormonal 
receptor-positive patients to reduce risk of osteo-
porosis and related skeletal events caused by endo-
crine therapy [38]. Currently, at least two studies are 
ongoing and expected to report soon. D-BEYOND 
is a window of opportunity study aiming to evalu-
ate the impact of preoperative administration of 
denosumab on breast cancer biology in young 
breast cancer patients. Following the findings of 
Nolan et al., a pilot study (BRCA-D) has also been 
launched to evaluate if RANKL inhibition could 
represent a strategy for breast cancer prevention in 
BRCA1 and BRCA2 mutation carriers.

2.4  Copy Number Alterations 
According to Age

Somatic change in DNA copy number (copy num-
ber alterations (CNAs)) largely characterizes the 
architecture of breast cancer genomes [39]. It has 
been found that in breast cancer, CNAs account 
for 85% of the variation in expression [39]. Copy 
number gain of oncogenes and copy number loss 
of tumor suppressor genes drive breast cancer 
initiation and progression and influence disease 
outcomes [39]. Therefore, the study of these 
alterations could provide important insights on 
the biology of breast cancer in young women and 
might explain their relatively poor prognosis.

In 2007, Yau et al. [40] published the first study 
aiming to characterize breast cancer according 
to age using both transcriptomic and copy num-
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ber profiling. They retrospectively included 71 
ER-positive breast cancer patients (27 diagnosed 
in young patients (≤45 years) and 44 diagnosed 
in older patients (≥70 years)). At the transcrip-
tomic levels, they found some cancer- associated 
genes differentially expressed between the 
cohorts, with younger cases expressing more cell 
cycle genes and more than threefold higher lev-
els of the growth factor amphiregulin and with 
older cases expressing higher levels of four dif-
ferent homeobox (HOX) genes in addition to ER 
(ESR1). They used comparative genomic hybrid-
ization array to compare the two age groups but 
did not find any significant differences in the 
fraction of genome altered nor in site-specific 
regions. However, this study had some limita-
tions including the small sample size and the 
inclusion of ER-positive disease only. Moreover, 
the technology used to analyze copy number had 
low-density genomic arrays of only 2464 probes 
compared to the 900,000 probes used nowadays.

In a more recent in silico analysis using pub-
licly available data from The Cancer Genome 
Atlas (TCGA) [41], Azim Jr et  al. [11] found 
that breast cancer from older patients had glob-
ally more CNAs. This is likely due to the nor-
mal accumulation of CNAs in passenger genes 
as women age. Furthermore, they were able to 
identify a higher frequency of a focal deletion in 
chromosomal region 6q27  in young patients, a 
feature that has been previously associated with 
tumors of aggressive behavior [42].

2.5  Higher Frequency of GATA3 
Mutations in Young Women 
with Breast Cancer

Recently, several groups have reported compre-
hensive analysis on the landscape of somatic 
mutations, copy number aberrations, and muta-
tional signatures that are associated with differ-
ent biological processes in large breast cancer 
cohorts [39, 41, 43, 44]. However, these stud-
ies had very poor representation of young 
breast cancer patients. In a secondary analysis 
of TCGA data, Azim Jr et  al. [11] found 11 
mutated genes that were independently associ-

ated with age at diagnosis. Among them GATA3 
was the only gene more frequently mutated in 
young women, in around 15% of cases, com-
pared to 8% in older counterparts. The latter is 
known to regulate helper T-cell differentiation 
[45] and to have an important role in the devel-
opment of the breast.

However, the contribution of GATA3 mutations 
to cancer is poorly understood. Downregulation 
of GATA3 results in epithelial- to- mesenchymal 
transition and basal-like tumors; thus GATA3 
has been considered as a tumor suppressor gene 
[46–48]. But a recent study by Mair et  al. [49] 
had shed light on the fact that some frameshift 
mutation resulted in protein with an elongated 
C-terminus (namely GATA-ext) leading to a gain-
of-function activity and hence could act as an 
oncogene. These specific mutations were associ-
ated with a worse DFS and resulted in differential 
drug sensitivity in cell line models. Further stud-
ies have shown that together with the estrogen 
receptor, GATA3 controls the normal differentia-
tion of the luminal epithelium in the terminal end 
buds in the mammary gland [50]. In addition, it 
has been suggested that GATA3 plays a relevant 
role in endocrine resistance [51]. This is of clini-
cal relevance, since the poor prognosis associated 
with younger age at diagnosis has been mainly 
observed in patients with luminal breast can-
cers [7]. Whether GATA3 contributes to the poor 
prognosis of young ER-positive breast cancer 
patients and could act as a relevant therapeutic 
target remains to be explored.

2.6  Pregnancy Modulates Breast 
Cancer Biology

An important part of the development of the 
normal breast takes place during pregnancy. 
Several studies and meta-analyses have shown 
that women diagnosed with breast cancer during 
or shortly following pregnancy have poor prog-
nosis compared to non-pregnancy-associated 
patients [52, 53]. In addition, women remain at 
an increased risk of developing breast cancer 
shortly after pregnancy [54]. This suggests that 
the physiological changes occurring during preg-
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nancy possibly impact breast cancer initiation 
and progression, also via modulating the breast 
microenvironment.

Schedin et al. [55, 56] have published several 
experiments investigating the impact of post- 
pregnancy mammary changes on breast cancer 
initiation and progression. They showed that 
tumors developing in an involuting breast follow-
ing pregnancy were highly proliferative, larger 
in size, and more in number compared to those 
developing in a nulliparous breast. Importantly, 
they found that biological changes that occur in 
the normal post-partum breast are well reflected 
on the tumors arising in these mice, particularly 
the deposition of collagen and expression of Cox- 
2, underscoring the impact of post-partum breast 
microenvironment on the nature of tumors devel-
oping in the same breast. In one of their experi-
ments, they found that the inhibition of Cox-2 
by a Cox-2 inhibitor resulted in reductions in the 
size of the tumors arising in the involuting breast. 
This work resulted in the initiation of a clinical 
trial that is expected to report soon investigating 
the role of Cox-2 inhibition on tumors arising in 
the post-partum phase.

Our group has worked on characterizing 
tumors diagnosed during pregnancy. These 
tumors are rare but could serve as a good model 
to understand impact of pregnancy on breast can-
cer biology. We found that RANKL, a gene that 
appears to play a key role in breast carcinogen-
esis in young women, is even more expressed in 
pregnant breast cancer patients, both on primary 
tumors and adjacent normal tissue, compared to 
non-pregnant young patients [33]. Using omics, 
pregnancy did not appear to impact consider-
ably the distribution of breast cancer molecular 
subtypes using gene expression profiling [57]. 
However, by using an integrative analysis of gene 
expression, copy number alterations, and whole 
genome sequencing data, we found that tumors 
arising during pregnancy are enriched with non- 
silent mutations, a higher frequency of muta-
tions in mucin gene family, and an enrichment 
of a mutational signature related to mismatch 
repair deficiency [58]. This suggests that these 
features may be implicated in promoting tumor 

progression during pregnancy and may explain 
the aggressive behavior of BCP.

Taken together, pregnancy does appear to alter 
the molecular makeup of the already complex 
biology of cancers arising at young age.

2.7  Translating Biological 
Knowledge into Improving 
Patient Care

Accumulating evidence suggests that the biol-
ogy of breast cancer in young women is rather 
unique.  To date, treatments are tailored, irre-
spective of age, to the phenotypic subtype of the 
tumor as assessed by conventional factors, such 
as hormonal receptor and HER2 status as well as 
grade and proliferation rate [59–61]. In the cur-
rent era of personalized medicine, it is of great 
importance to transfer the biological knowledge 
accumulated to improve breast cancer manage-
ment in young women.

The upregulation of RANK/RANKL signal-
ing pathway seen in young patients has led to a 
preoperative trial evaluating the impact of deno-
sumab, a RANKL inhibitor, on the biology of 
breast cancer in young women (D-BEYOND; 
NCT01864798). This study could potentially 
define a role for denosumab in future manage-
ment of young patients.

Younger breast cancer patients are enriched in 
BRCA1/2 mutations, and the use of poly(ADP- 
ribose) polymerase (PARP) inhibitors to induce a 
synthetic lethality in those patients appears to be 
a very promising strategy [62]. Recent results in 
the metastatic setting have shown that the PARP 
inhibitor, olaparib, doubles the response rate and 
reduces the risk of disease progression by nearly 
40% compared to standard of care chemotherapy 
[63], placing it as a novel standard of care option 
for metastatic breast cancer patients harboring 
a BRCA mutation. An even larger study is cur-
rently evaluating the value of the same agent in 
the adjuvant setting (NCT02032823), and a rela-
tively large number of young patients will likely 
enroll.

Finally, better characterization of somatic 
mutations occurring in tumors arising in young 
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women using next-generation sequencing could 
further identify key driver mutations that can be 
targeted in this challenging disease. Established 
in 2006, Helping Ourselves, Helping Others 
(HOHO): The Young Women’s Breast Cancer 
Study has enrolled more than 1300 women who 
were 40  years or younger at the time of their 
diagnosis of breast cancer. This large study 
that included biobanking of tumor and blood 
samples represents a great opportunity to study 
the molecular characterization of young breast 
cancer. A lot of work is still required to expand 
our understanding of the biology of breast can-
cer diagnosed in young women while keeping in 
mind that the ultimate goal is to ensure optimal 
outcomes for these women.

References

 1. Azim HA Jr, Partrdige AH. Biology of breast cancer 
in young women. Breast Cancer Res. 2014;16(4):427.

 2. Gnerlich JL, Deshpande AD, Jeffe DB, Sweet A, White 
N, Margenthaler JA. Elevated breast cancer mortality 
in women younger than age 40 years compared with 
older women is attributed to poorer survival in early- 
stage disease. J Am CollSurg. 2009;208(3):341–7.

 3. Han W, Kang SY, Korean Breast Cancer Society. 
Relationship between age at diagnosis and out-
come of premenopausal breast cancer: age less than 
35 years is a reasonable cut-off for defining young 
age-onset breast cancer. Breast Cancer Res Treat. 
2010;119(1):193–200.

 4. Azim HA Jr, Michiels S, Bedard PL, Singhal SK, 
Criscitiello C, Ignatiadis M, et al. Elucidating prog-
nosis and biology of breast cancer arising in young 
women using gene expression profiling. Clin Cancer 
Res. 2012;18(5):1341–51.

 5. Fredholm H, Eaker S, Frisell J, Holmberg L, 
Fredriksson I, Lindman H.  Breast cancer in young 
women: poor survival despite intensive treatment. 
PLoS One. 2009;4(11):1–9.

 6. Cancello G, Maisonneuve P, Rotmensz N, Viale 
G, Mastropasqua MG, Pruneri G, et  al. Prognosis 
and adjuvant treatment effects in selected breast 
cancer subtypes of very young women (<35 
years) with operable breast cancer. Ann Oncol. 
2010;21(10):1974–81.

 7. Partridge AH, Hughes ME, Warner ET, Ottesen RA, 
Wong YN, Edge SB, et  al. Subtype-dependent rela-
tionship between young age at diagnosis and breast 
cancer survival. J ClinOncol. 2016;34(27):3308–14.

 8. Anders CK, Hsu DS, Broadwater G, Acharya CR, 
Foekens JA, Zhang Y, et  al. Young age at diagnosis 
correlates with worse prognosis and defines a subset 

of breast cancers with shared patterns of gene expres-
sion. J ClinOncol. 2008;26(20):3324–30.

 9. Walker RA, Lees E, Webb MB, Dearing SJ.  Breast 
carcinomas occurring in young women (< 35 years) 
are different. Br J Cancer. 1996;74(11):1796–800.

 10. Colleoni M, Rotmensz N, Robertson C, Orlando L, 
Viale G, Renne G, et  al. Very young women (<35 
years) with operable breast cancer: features of disease 
at presentation. Ann Oncol. 2002;13(2):273–9.

 11. Azim HA Jr, Nguyen B, Brohée S, Zoppoli G, 
Sotiriou C. Genomic aberrations in young and elderly 
breast cancer patients. BMC Med. 2015;13(1):266.

 12. Azim HA Jr, Azim H.  Breast cancer arising at a 
young age: do we need to define a cut-off? Breast. 
2013;22(6):1007–8.

 13. Jenkins EO, Deal AM, Anders CK, Prat A, Perou 
CM, Carey LA, et al. Age-specific changes in intrin-
sic breast cancer subtypes: afocus on older women. 
Oncologist. 2014;19(10):1076–83.

 14. Lim E, Vaillant F, Wu D, Forrest NC, Pal B, Hart 
AH, et  al. Aberrant luminal progenitors as the can-
didate target population for basal tumor devel-
opment in BRCA1 mutation carriers. Nat Med. 
2009;15(8):907–13.

 15. Huzarski T, Byrski T, Gronwald J, Górski B, 
Domagala P, Cybulski C, et  al. Ten-year survival in 
patients with BRCA1-negative and BRCA1-positive 
breast cancer. J ClinOncol. 2013;31(26):3191–6.

 16. Young S, Pilarski RT, Donenberg T, Shapiro C, 
Hammond LS, Miller J, et  al. The prevalence of 
BRCA1 mutations among young women with 
triple- negative breast cancer. BMC Cancer. 
2009;9(1):86.

 17. Kim JB, Stein R, O'Hare MJ. Tumour-stromal interac-
tions in breast cancer: the role of stroma in tumouri-
genesis. Tumor Biol. 2005;26(4):173–85.

 18. Bhowmick NA, Moses HL.  Tumor–stroma interac-
tions. CurrOpin Genet Dev. 2005;15(1):97–101.

 19. McDaniel SM, Rumer KK, Biroc SL, Metz RP, Singh 
M, Porter W, et al. Remodeling of the mammary micro-
environment after lactation promotes breast tumor 
cell metastasis. Am J Pathol. 2006;168(2):608–20.

 20. Easton DF.  How many more breast cancer pre-
disposition genes are there? Breast Cancer Res. 
1999;1(1):14–7.

 21. Moynahan ME, Chiu JW, Koller BH, Jasin M. Brca1 
controls homology-directed DNA repair. Mol Cell. 
1999;4(4):511–8.

 22. Burke W, Daly M, Garber J, Botkin J, Kahn MJ, 
Lynch P, et al. Recommendations for follow-up care 
of individuals with an inherited predisposition to can-
cer. II. BRCA1 and BRCA2. Cancer Genetics Studies 
Consortium. JAMA. 1997;277(12):997–1003.

 23. Kuchenbaecker KB, Hopper JL, Barnes DR, Phillips 
K-A, Mooij TM, Roos-Blom M-J, et  al. Risks of 
breast, ovarian, and contralateral breast cancer 
for BRCA1 and BRCA2mutation carriers. JAMA. 
2017;317(23):2402.

 24. NCCN Guidelines Version 2.2017 Hereditary Breast 
and/or Ovarian Cancer Syndrome. [cited 2017 Nov 8].  

H. A. Azim et al.



21

http://www.nccn.org/professionals/physician_gls/
pdf/genetics_screening.pdf

 25. Rosenberg SM, Ruddy KJ, Tamimi RM, Gelber S, 
Schapira L, Come S, et al. BRCA1 and BRCA2mutation 
testing in young women with breast cancer. JAMA 
Oncol. 2016;2(6):730.

 26. Bai F, Chan HL, Scott A, Smith MD, Fan C, 
Herschkowitz JI, et al. BRCA1 suppresses epithelial- 
to- mesenchymal transition and stem cell dediffer-
entiation during mammary and tumor development. 
Cancer Res. 2014;74(21):6161–72.

 27. Ma Y, Katiyar P, Jones LP, Fan S, Zhang Y, Furth PA, 
et  al. The breast cancer susceptibility gene BRCA1 
regulates progesterone receptor signaling in mammary 
epithelial cells. MolEndocrinol. 2006;20(1):14–34.

 28. Metcalfe K, Lynch HT, Foulkes WD, Tung N, 
Kim-Sing C, Olopade OI, et  al. Effect of oopho-
rectomy on survival after breast cancer in BRCA1 
and BRCA2mutation carriers. JAMA Oncol. 
2015;1(3):306.

 29. Azim H, Azim HA Jr. Targeting RANKL in breast 
cancer: bone metastasis and beyond. Expert Rev 
Anticancer Ther. 2013;13(2):195–201.

 30. Gonzalez-Suarez E, Jacob AP, Jones J, Miller 
R, Roudier-Meyer MP, Erwert R, et  al. RANK 
ligand mediates progestin-induced mammary epi-
thelial proliferation and carcinogenesis. Nature. 
2010;468(7320):103–7.

 31. Schramek D, Leibbrandt A, Sigl V, Kenner L, Pospisilik 
JA, Lee HJ, et  al. Osteoclast differentiation factor 
RANKL controls development of progestin-driven 
mammary cancer. Nature. 2010;468(7320):98–102.

 32. Asselin-Labat M-L, Vaillant F, Sheridan JM, Pal B, 
Wu D, Simpson ER, et al. Control of mammary stem 
cell function by steroid hormone signalling. Nature. 
2010;465(7299):798–802.

 33. Azim HA Jr, Peccatori FA, Brohée S, Branstetter D, 
Loi S, Viale G, et al. RANK-ligand (RANKL) expres-
sion in young breast cancer patients and during preg-
nancy. Breast Cancer Res. 2015;17(1):24.

 34. Sigl V, Owusu-Boaitey K, Joshi PA, Kavirayani 
A, Wirnsberger G, Novatchkova M, et  al. RANKL/
RANK control Brca1 mutation-driven mammary 
tumors. Cell Res. 2016;26(7):761–74.

 35. Nolan E, Vaillant F, Branstetter D, Pal B, Giner G, 
Whitehead L, et al. RANK ligand as a potential target 
for breast cancer prevention in BRCA1-mutation car-
riers. Nat Med. 2016;22(8):933–9.

 36. Widschwendter M, Burnell M, Fraser L, Rosenthal 
AN, Philpott S, Reisel D, et  al. Osteoprotegerin 
(OPG), the endogenous inhibitor of receptor activator 
of NF-κBligand (RANKL), is dysregulated in BRCA 
mutation carriers. EBioMedicine. 2015;2(10):1331–9.

 37. Odén L, Akbari M, Zaman T, Singer CF, Sun P, 
Narod SA, et  al. Plasma osteoprotegerin and breast 
cancer risk in BRCA1 and BRCA2 mutation carriers. 
Oncotarget. 2016;7(52):86687–94.

 38. Gnant M, Pfeiler G, Dubsky PC, Hubalek M, Greil 
R, Jakesz R, et  al. Adjuvant denosumab in breast 
cancer (ABCSG-18): a multicentre, randomised, 

double-blind, placebo-controlled trial. Lancet. 
2015;386(9992):433–43.

 39. Curtis C, Shah SP, Chin S-F, Turashvili G, Rueda 
OM, Dunning MJ, et al. The genomic and transcrip-
tomic architecture of 2,000 breast tumours reveals 
novel subgroups. Nature. 2012;486(7403):346–52.

 40. Yau C, Fedele V, Roydasgupta R, Fridlyand J, Hubbard 
A, Gray JW, et al. Aging impacts  transcriptomes but 
not genomes of hormone-dependent breast cancers. 
Breast Cancer Res. 2007;9(5):R59.

 41. TCGA. Comprehensive molecular portraits of human 
breast tumours. Nature. 2012;487(7407):61–70.

 42. Noviello C, Courjal F, Theillet C. Loss of heterozy-
gosity on the long arm of chromosome 6  in breast 
cancer: possibly four regions of deletion. Clin Cancer 
Res. 1996;2(9):1601–6.

 43. Pereira B, Chin S-F, Rueda OM, Vollan H-KM, 
Provenzano E, Bardwell HA, et  al. The somatic 
mutation profiles of 2,433 breast cancers refines 
their genomic and transcriptomic landscapes. Nat 
Commun. 2016;7(May):11479.

 44. Nik-Zainal S, Davies H, Staaf J, Ramakrishna M, 
Glodzik D, Zou X, et al. Landscape of somatic muta-
tions in 560 breast cancer whole-genome sequences. 
Nature. 2016;534(7605):1–20.

 45. Tindemans I, Serafini N, Di Santo JP, Hendriks 
RW. GATA-3 function in innate and adaptive immu-
nity. Immunity. 2014;41(2):191–206.

 46. Asselin-Labat M-L, Sutherland KD, Barker H, 
Thomas R, Shackleton M, Forrest NC, et al. Gata-3 is 
an essential regulator of mammary-gland morphogen-
esis and luminal-cell differentiation. Nat Cell Biol. 
2007;9(2):201–9.

 47. Kouros-Mehr H, Kim J, Bechis SK, Werb Z. GATA-3 
and the regulation of the mammary luminal cell fate. 
CurrOpin Cell Biol. 2008;20(2):164–70.

 48. Kouros-Mehr H, Slorach EM, Sternlicht MD, 
Werb Z.  GATA-3 maintains the differentiation of 
the luminal cell fate in the mammary gland. Cell. 
2006;127(5):1041–55.

 49. Mair B, Konopka T, Kerzendorfer C, Sleiman K, 
Salic S, Serra V, et  al. Gain- and loss-of-func-
tion mutations in the breast cancer gene GATA3 
result in differential drug sensitivity. PLoS Genet. 
2016;12(9):1–26.

 50. Chou J, Provot S, Werb Z.  GATA3  in development 
and cancer differentiation: cells GATA have it! J Cell 
Physiol. 2010;222(1):42–9.

 51. Yu-Rice Y, Jin Y, Han B, Qu Y, Johnson J, Watanabe T, 
et al. FOXC1 is involved in ERα silencing by counter-
acting GATA3 binding and is implicated in endocrine 
resistance. Oncogene. 2016;35(41):5400–11.

 52. Azim HA Jr, Santoro L, Russell-Edu W, Pentheroudakis 
G, Pavlidis N, Peccatori FA. Prognosis of pregnancy- 
associated breast cancer: a meta-analysis of 30 studies. 
Cancer Treat Rev. 2012;38(7):834–42.

 53. Hartman EK, Eslick GD.  The prognosis of women 
diagnosed with breast cancer before, during and after 
pregnancy: a meta-analysis. Breast Cancer Res Treat. 
2016;160(2):347–60.

2 Young Age and Breast Cancer Biology

http://www.nccn.org/professionals/physician_gls/pdf/genetics_screening.pdf
http://www.nccn.org/professionals/physician_gls/pdf/genetics_screening.pdf


22

 54. Lambertini M, Santoro L, Del Mastro L, Nguyen B, 
Livraghi L, Ugolini D, et  al. Reproductive behav-
iors and risk of developing breast cancer according 
to tumor subtype: a systematic review and meta- 
analysis of epidemiological studies. Cancer Treat Rev. 
2016;49:65–76.

 55. Lyons TR, O’Brien J, Borges VF, Conklin MW, 
Keely PJ, Eliceiri KW, et  al. Postpartum mammary 
gland involution drives progression of ductal carci-
noma in situ through collagen and COX-2. Nat Med. 
2011;17(9):1109–15.

 56. O’Brien J, Lyons T, Monks J, Lucia MS, Wilson RS, 
Hines L, et  al. Alternatively activated macrophages 
and collagen remodeling characterize the postpar-
tum involutingmammary gland across species. Am J 
Pathol. 2010;176(3):1241–55.

 57. Azim HA Jr, Brohee S, Peccatori FA, Desmedt C, Loi 
S, Lambrechts D, et al. Biology of breast cancer dur-
ing pregnancy using genomic profiling. EndocrRelat 
Cancer. 2014;21(4):545–54.

 58. Nguyen B, Venet D, Azim HA Jr, Brown D, Desmedt 
C, Lambertini M, et al. Breast cancer diagnosed dur-

ing pregnancy is associated with enrichment of non-
silent mutations, mismatch repair deficiency signature 
and mucin mutations. NPJ Breast Cancer. 2018;4:23.

 59. Paluch-Shimon S, Pagani O, Partridge AH, Abulkhair 
O, Cardoso MJ, Dent RA, et  al. ESO-ESMO 3rd 
international consensus guidelines for breast cancer 
in young women (BCY3). Breast. 2017;35:203–17.

 60. Rosenberg SM, Partridge AH. Management of breast 
cancer in very young women. Breast. 2015;24:S154–8.

 61. Partridge AH. Chemotherapy in premenopausal breast 
cancer patients. Breast Care. 2015;10(5):307–10.

 62. Balmaña J, Domchek SM, Tutt A, Garber 
JE.  Stumbling blocks on the path to personalized 
medicine in breast cancer: the case of PARP inhibi-
tors for BRCA1/2 -associated cancers. Cancer Discov. 
2011;1(1):29–34.

 63. Robson M, Im SA, Senkus E, Xu B, Domchek SM, 
Masuda M, et al. Olaparib for metastatic breast cancer 
in patients with a germline BRCA mutation. N Engl J 
Med. 2017;377(6):523–33.

H. A. Azim et al.



23© Springer Nature Switzerland AG 2020 
O. Gentilini et al. (eds.), Breast Cancer in Young Women, 
https://doi.org/10.1007/978-3-030-24762-1_3

Imaging to Improve Diagnosis 
of Breast Cancer in Young Women

Tanja Gagliardi

3.1  Introduction

Breast cancer is a disease, which does not stop 
with young age. Although uncommon in young 
women under the age of 40, young women are 
not unusual visitors in symptomatic breast clin-
ics. Early diagnosis is crucial, since breast cancer 
in young women is more likely to display aggres-
sive biological features paired with often indeter-
minate morphological imaging characteristics. 
This makes it a dangerous mixture, which likely 
is underestimated in routine clinical settings and 
might fall short of appropriate clinical attention. 
Many signs and symptoms of young women are 
dismissed as cysts, nodular breast tissue, and 
fibroadenomas. Women are discouraged to refer 
to specialist breast units unless symptoms con-
tinue longer than one menstrual cycle. In the vast 
majority of women, this is a sensible approach, 
while for the few dealing with breast cancer, this 
is valuable time lost. By the time a lump has 
grown to a size it is clinically palpable, the 
chances of survival might have reduced, particu-
larly given the aggressive nature of most cancers 
affecting young women.

For young mutation carriers and young women 
at high risk of breast cancer, well-established 
guidelines facilitating early diagnosis exist and 

are introduced in most countries of the developed 
world. For the rest, breast cancer comes with the 
same disadvantages as any other rare cancer. It is 
often overlooked, likely dismissed, delayed in 
diagnosis, and hence likely to be more advanced 
than in older women.

3.2  Specific Imaging 
Characteristics in Young 
Women with Breast Cancer

The American College of Radiology developed a 
structured reporting system to facilitate a com-
mon language among radiologists when report-
ing various imaging modalities [1]. A lesion is 
assessed by its shape, margin, density, associated 
calcifications and architectural distortion on 
mammography, and degree of echogenicity on 
ultrasound. It categorizes imaging features to 
allow an estimate of suspicion, ranging from 
benign categories I and II to indeterminate cate-
gory III and suspicious/malignant categories IV 
and V. A typical malignant lesion presents as an 
ill-defined, spiculated, dense lesion sometimes 
with associated architectural distortion on mam-
mography and associated microcalcifications. 
When reviewing MRI images of young breast 
cancer patients according to their morphological 
features, various groups [2, 3] described differ-
ences compared with their older counterparts. 
Young women’s cancers appear more likely to 
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display round, oval, or lobular mass shapes and 
smooth margins. They are more likely to have 
high signal intensity on T2-weighted images, a 
finding often seen in fibroadenomas. Those fea-
tures can be regarded as benign or indeterminate 
according to the BI-RADS classification, with a 
follow-up in 6 months being one of the assess-
ment options. The expected spectrum of abnor-
malities in young, symptomatic women ranges 
from simple to inspissated cysts, fibroadenomas, 

phyllodes tumors and galactoceles, and lactating 
adenomas in breastfeeding women, with breast 
cancer being the least likely of all (Figs. 3.1, 3.2, 
3.3, and 3.4).

The rather indeterminate to benign-looking 
imaging characteristics of young women’s can-
cers paired with the low incidence in this age 
group impose a challenge in the diagnosis of 
breast cancer in symptomatic women, let alone in 
the asymptomatic, high-risk group.

Fig. 3.1 30-year-old 
woman, palpable lump 
in upper, inner aspect of 
the right breast. 
Well-defined, 
hyperechoic with central 
hypoechoic features. No 
infiltration of Cooper 
ligaments. Histology: 
invasive ductal cancer, 
triple negative

Fig. 3.2 26-year-old 
woman, presented with 
palpable lump in the 
upper outer quadrant of 
the right breast. 
Polylobulated, 
heterogeneous mass 
lesion with internal 
septations, partly 
irregular margins. 
Histology: malignant 
phyllodes tumor
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3.3  Breast Density

The breast is composed of 15–20 breast lobules 
on a background of fatty tissue mixed in with 
fibro-connective tissue. During a woman’s life-
time, breast lobules are likely to be replaced with 
fatty tissue. Breast lobules appear as “white” 
matter on a background of fatty tissue, which is 
featured as “black” material on mammography. 
Young women are much more likely to have 
plenty of breast lobules, which makes them feel 

firmer, and much less fatty tissue, depending on 
patients’ body habitus. The so-called “density” of 
the breast relates to these incremental findings 
and developmental changes. A classical cancer 
will appear as a white mass on mammography. In 
dense breast tissue, it can be a tall order to detect 
a small white mass on a background of dense, 
white breast tissue. Similar problems can occur 
with MRI, where the density itself is not a prob-
lem as such, but the presence of moderate or 
strong “background enhancement” resulting in 
multiple, usually bilateral enhancing foci. This 
lowers the sensitivity of the examination and can 
be a challenge [4]. In an attempt to minimize this 
effect, premenopausal women should be scanned 
between day 7 and day 10 of their menstrual 
cycle, and the same should apply to mammogra-
phy, since this is the time when performing a 
mammogram is less painful.

There appears to be a significant inverse rela-
tion between age and breast density according to 
a study of Checka et al. with 81% of women under 
the age of 40 having dense breast tissue [5]. On 
top of this, breast density is an independent risk 
factor associated with a four to six times increase 
in a woman’s risk of developing a breast cancer 
[6]. In order to quantify the density, the American 
College of Radiology has addressed this issue and 
included density in their  standardized reporting 
system [1]. This gives referring clinicians an over-
all idea of how well the reporting radiologist was 
able to make an assessment, since the density 
affects the sensitivity of all imaging modalities 
(Figs. 3.5 and 3.6).

3.4  Sonography

Sonography is deemed to be the first-line exami-
nation in symptomatic young women below the 
age of 35 years. Its value as a screening tool is 
limited due to its high false-positive rate, the vari-
ability between operators, and the considerable 
physician time for image acquisition. However, 
when compared to mammography and MRI, it 
lacks disadvantages such as X-ray dose, 
 unavailability, and expense which are drawbacks 
in real- life scenarios.

Fig. 3.3 28-year-old woman, presented with palpable 
lump. Oval-shaped, well-defined mass lesion, wider-than- 
tall orientation without interruption of Cooper ligaments. 
Histology: fibroadenoma

Fig. 3.4 34-year-old woman, palpable abnormality left 
inner aspect of the breast, 7 o’clock position. Hypoechoic 
lesion with irregular margins. Histology: high-grade inva-
sive ductal cancer
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ACR a
Entirely fat

ACR b
Scattered areas of
fibroglandular density

ACR c
heterogenously
dense

ACR d
extremely dense

Fig. 3.5 Breast density categories according to the American College of Radiology

Fig. 3.6 33-year-old 
woman with dense 
breast tissue and known 
malignancy in the left 
upper outer quadrant. 
Bilateral strong 
background 
enhancement with 
multiple, small foci of 
symmetrical 
enhancement decreasing 
the sensitivity of the 
examination

Sonography is a relatively cheap, mostly 
widely available imaging technique, not confined 
to exclusive use of radiologists and hence most 
suitable in the evaluation of symptomatic 
patients. It is an interactive, dynamic, and real- 
time modality. Ultrasound-guided biopsy is the 
primary biopsy method used to achieve a tissue 
diagnosis. In a landmark study, Stavros et al. [7] 
showed in 1995 that solid breast lesions could be 
differentiated between benign and malignant by 
using high-resolution gray-scale ultrasound 
imaging. Benign findings include a few gentle 

lobulations, ellipsoid shape, thin capsule, as well 
as a homogeneously echogenic texture. Malignant 
lesions have similar characteristics as described 
on mammography, with spiculation, taller-than- 
wide orientation, angular margins, microcalcifi-
cations, and posterior acoustic shadowing being 
the main features [8]. However, there is consider-
able overlap between benign and malignant 
 ultrasound features. Specifically in the young 
women patient group, some benign features 
appear to be more often present in malignant 
lesions (Fig. 3.7).
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Correlation with clinical findings, ideally 
linked with mammography, is essential. 
Sonography is commonly used as an adjunct to 
MRI, used as a second-look targeted imaging 
modality to evaluate findings detected on MRI.

Recent developments like Doppler imaging, 
elastography, and three-dimensional ultrasound 
are deemed to improve specificity and avoid 
unnecessary biopsies. The most promising 
development might be the introduction of three- 
dimensional automated breast ultrasound (3D 
ABUS). This offers the opportunity to standard-
ize the examination by scanning the entirety of 
the breast in sections, using automated high- 
frequency transducers with an examination time 
of approximately 15 min for each breast. Images 
are than reconstructed and can be reviewed at a 
dedicated workstation allowing reproducibility 
to a level so far only seen with mammography 
and MRI.  The actual interpretation time is 
deemed to be 5  min. Early studies using 3D 
automated ultrasound with mammography in 
dense breasts in asymptomatic women revealed 
promising results [9]. Adding 3D automated 
breast ultrasound to mammography added 1.9 
additional cancers per 1000 women screened 
with 30 among the 82 cancers detected being 
seen with ABUS only. However, in this particu-
lar study, the recall rate almost doubled when 
ABUS was implemented leading to an increased 
number of false-positive results. A more recent 
study in Sweden with a lower volume of women 
screened in a similar setting described more 

promising results with a similar cancer detection 
rate and a much lower recall rate of only 9 
women per 1000 screened [10]. So far this 
approach has not been studied in young symp-
tomatic women. The benefits of standardization 
and lack of radiation remain appealing, and stud-
ies are needed to prove whether this might be a 
step forward to improve cancer detection rate in 
young women (Figs. 3.8 and 3.9).

Figs. 3.7 and 3.8  26-year-old woman with palpable lump right breast. Ultrasound image shows a multilobulated, in 
part irregular mass lesions without posterior shadowing

Fig. 3.9 Corresponding MRI images (T1 fat-saturated 
post-gadolinium image) show a multifocal tumor with 
features of peripheral enhancement. Histology: invasive 
ductal cancer, triple negative, BRCA 2 mutation carrier
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3.5  Mammography

Mammography is the working horse of breast 
examination for the majority of women. It falls 
short to achieving its potential in dense breast tis-
sue in young women, with a reported sensitivity 
in those under 45  years of as low as 72% [11] 
while compared to an estimated sensitivity for 
detection in the general population of 83% [12]. 
In BRCA mutation carriers, in which young 
women are often well represented, the sensitivity 
is estimated with 30% [13]. The sensitivity of 
ultrasound in those under 45  years instead 
appears to be 85% [11]. The specificity of both 
examinations is comparable.

Given the weak performance of mammogra-
phy in young women, in addition to the negative 
impact related to the X-ray dose applied, com-
mon recommendations suggest ultrasound to be 
the first-line diagnostic method for young 
women. The Royal College of Radiologists stated 
in their “Guidance on Screening and Symptomatic 
Breast Imaging” in 2013 [14]: “There is no evi-
dence of a mortality benefit from mammographic 
screening of women under the age of 35 years. 
There is also a greater risk of induced breast can-
cer from the use of diagnostic X-ray mammogra-
phy in young women. Routine screening in the 
absence of significant breast cancer risk factors is 
not recommended.”

The next step to improve the performance of 
digital mammography is digital tomosynthesis. 
Digital tomosynthesis is the creation of a 3D 
image of the breast by digital processing of mul-
tiple X-ray projection images. A series of usually 
seven to nine low-dose images are recorded as 
the mammographic unit moves gradually in a 
small arc over the compressed breast. These 
images can be reconstructed into a series of high- 
resolution slices of 1 mm allowing images to be 
reviewed in slices, labs, or cinemode. While 
tomosynthesis promises to improve cancer detec-
tion rate and decrease the recall rate in a general 
screening setting, the hopes to increase detection 
rate in dense breast tissue have so far failed to 
gain momentum, although recent publications 
point strongly in this direction [15]. When com-
pared to ultrasound as adjunct to mammography, 

tomosynthesis did at least not show inferiority, 
but failed to perform in very dense breast tissue 
[16]. The issue of applying X-ray dose in young 
women, carrying at least a minimal risk of 
radiation- induced breast cancer, remains and 
should be taken into consideration.

3.6  MRI

Without doubt MRI is the most sensitive exami-
nation available throughout the spectrum of 
breast imaging with earlier and more recent stud-
ies constantly confirming this statement [17–19]. 
Most of the data stems from screening trials in 
genetic carriers and women being at high risk 
of developing a breast cancer. Kuhl compared 
the diagnostic accuracies of ultrasound, mam-
mography, and MRI alone and in combination. 
Mammography alone reached 33% sensitiv-
ity, ultrasound 40%, and MRI 91%. Even when 
mammography and ultrasound were combined, 
the two modalities together did not reach the 
same sensitivity as MRI alone. This comes with 
the cost of decreased specificity and increased 
false-positive rate. In 2010, the European 
Society of Breast Cancer Specialists gathered 
and reviewed all available information published 
regarding diagnostic performance and indica-
tions for MRI [20]. Based on their findings, they 
recommended that annual MRI should be avail-
able for the high-risk patient group starting at the 
age of 30. Since the benefit of MRI for in situ 
disease is less consistent, annual mammography 
should also be applied in this patient group.

More recent published papers point to an even 
more tailored approach in the mutation carrier 
group. Obdeijn [21] and colleagues investigated 
the diagnostic performance of mammography as 
an adjunct to screening MRI in the high-risk 
group. Their study demonstrated that digital mam-
mography added only 2% to the breast  cancer 
detection in BRCA1 patients, with no additional 
benefit of mammography in women below age 40. 
A review of six high-risk screening trials con-
firmed those findings; however, it saw a screening 
benefit with mammography in BRCA2 mutation 
carriers, especially below the age of 40 years [22].
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Yet, MRI has its drawbacks with MRI dis-
playing a lower specificity than radiologists wish 
for. Especially in young women, hormonal influ-
ences may limit the sensitivity of the examina-
tion, and scanning within the 7th–10th day of the 
menstrual cycle is recommended to limit this 
effect. This might delay diagnosis and treatment. 
If MRI reveals unexpected findings, not previ-
ously seen on ultrasound and mammography, 
second-look ultrasound is the next recommended 
step. An abnormality seen only on MRI requires 
MRI- guided biopsy to establish a diagnosis. This 
is costly and time consuming and might only be 
available in specific centers, with patients being 
asked to travel to complete the work-up with 
delays being the consequences. Furthermore, 
thus far the evidence whether preoperative MRI 
can fulfill the promises made is not there. It was 
hypothesized that detection and removal of pre-

viously unrecognized cancer deposits would 
lead to improved outcomes with regard to surgi-
cal planning and decreased re-excision rates 
(Figs. 3.10 and 3.11).

This should lead to fewer local recurrences 
and even fewer distant metastases and death. 
Houssami and colleagues reviewed a meta- 
analysis pooling data from 3169 women and 
looked at the impact of performing a preoperative 
MRI on re-excision rates, mastectomy rates, local 
recurrence, and disease-free survival [23, 24]. 
Weak evidence was found that MRI reduces re- 
excision surgery in patients with invasive lobular 
carcinoma, at the expense of increased mastec-
tomy rates with no reduction of local recurrence 
or disease-free survival. Those findings led to the 
recommendation stipulated by an expert forum 
which led to the Second International Consensus 
Guidelines for Breast Cancer in Young Women 

Fig. 3.10  34-year-old woman, palpable asymmetry in the upper aspect of the right breast. Dense breast tissue with 
very subtle asymmetry on mammography

Fig. 3.11 Histology 
confirmed a high-grade 
DCIS extending over the 
entire aspect of the right 
breast on MRI 
examination (3D MIP 
reconstruction of 
dynamic series)
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(BCY2), which are also endorsed by the European 
Society of Breast Cancer Specialists (EUSOMA) 
[25]. They recommend the use of screening 
breast MRI in the high-risk group. If MRI is to be 
used in the symptomatic setting, this should be 
done by nationally/regionally approved and 
audited services with appropriate expertise and 
knowledge present. MRI-guided biopsies and 
bracketing should be available to execute the 
highest standard possible and avoid unnecessary 
mastectomies.

3.7  Pregnant and Lactating 
Women

Pregnancy and breastfeeding reduces a woman’s 
lifetime risk of developing a breast cancer espe-
cially in young women [26]. Yet the breast 
remains susceptible during this time in life to all 
disorders that affect the breast in non-pregnant, 
non-lactating women. There are further patholo-
gies like lactating adenoma, galactocele, and 
mastitis complicated with abscesses, which are 
specific to this particular patient group [27] 
(Figs. 3.12 and 3.13).

During pregnancy, proliferative changes 
occur, with lobular hyperplasia, hyperemia, and 
fluid retention being present. Lactogenesis occurs 
in the second half of the pregnancy. These are 
dramatic changes leading to a further increase in 
breast density, making the diagnosis of breast 
masses even more challenging. In general, ultra-
sound is used as a first-line imaging modality 
often combined with biopsies to confirm the 
diagnosis. The risk of milk fistulas is small 
although reports in the literature exist [28]. The 
hormonal changes lead to an increased hypoecho-
genicity of the breast parenchyma with breast-
feeding women’s breast tissue displaying 
hyperechoic features on ultrasound. Both find-
ings may hamper the visibility of a palpable 
lump, the cardinal finding in women presenting 
to symptomatic breast clinics [29]. The sensitiv-
ity of ultrasound is described as 100% with mam-
mography resulting in an ability to pick up a 
cancer of up to 86%.

If ultrasound reveals a suspicious finding or 
malignancy is confirmed on biopsy, mammogra-
phy can be safely performed even in pregnant 
women. Shielding of the abdomen is advised 
reducing the risk to the fetus to a non-significant 
amount [30]. Women are encouraged to express 
milk immediately prior to imaging in an attempt to 
decrease the density lowering the diagnostic value 
of the examination (Figs. 3.14, 3.15, and 3.16).

Fig. 3.12 Left medio-lateral oblique image in a lactating 
breast with a palpable lump in the upper outer quadrant. 
Dense, multilobulated, well-defined mass on mammogra-
phy representing a galactocele
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Fig. 3.13 Corresponding ultrasound image displaying 
heterogeneous, hyperechoic parenchyma with a well- 
defined, equally heterogeneous mass lesion

Fig. 3.14 37-year-old, pregnant woman with palpable 
lump at 6 o’clock position of the right breast. Dense breast 
without abnormality in CC views and only a very subtle 

asymmetry in the inferior aspect of the right breast, when 
compared to the left breast. Histology: grade 3 invasive 
ductal cancer, triple negative

There is a limited role for breast MRI in preg-
nant women as gadolinium crosses the blood/pla-
centa barrier and the risk-benefit ratio should be 
clear. A possible scenario is to establish the full 
extent of disease. MRI can be performed in 
breastfeeding women, with the infant being 
abstained from breastfeeding for 24  h and the 
milk discarded. However, strong background 
enhancement related to breastfeeding may cause 
an overlap of enhancement characteristics of 
invasive cancers with lactating breast tissue [31].

In addition to the underlying difficulties in 
imaging, common fibroadenomas in young 
women can appear with atypical characteristics 
like cystic changes, increased vascularity, microl-
obulations, irregular margins, and posterior 
acoustic shadowing: findings mimicking features 
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of a breast cancer. Granulomatous mastitis is 
another entity usually seen in young women fol-
lowing pregnancy. Patients can present with clin-
ical and imaging features of a malignancy with 
treatment being challenging [32].

All these factors make dealing with pregnant 
or breastfeeding women a challenge, highlight-
ing the need for experienced and knowledgeable 
clinicians and radiologists being a prerequisite to 
deliver excellent patient care.

3.8  Conclusion

Breast cancer in young women is uncommon. 
The perception of clinicians and radiologists that 
cancers hardly occur in young women might lead 
to delays in diagnosis. The majority of young 
women present with a palpable lump in symp-
tomatic breast services. A malignancy in young 
women often does not display the typical mor-
phological features of a cancer on imaging, which 

Fig. 3.15  
Ultrasound of the 
palpable lump shows a 
hypoechoic, well-
defined mass with areas 
of irregular extension 
without posterior 
acoustic shadowing

Fig. 3.16  
Generalized 
hyperechoic, 
heterogeneous breast 
tissue on ultrasound 
reflecting the changes in 
pregnancy
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might lead to misinterpretation. Young women 
tend to have dense breast tissue decreasing the 
sensitivity of clinical and radiological examina-
tions. To facilitate early diagnosis, we need to 
have an imaging tool on hand, which is readily 
available, affordable, radiation-free and of diag-
nostic value in dense breast tissue, and operator 
independent as a standardized examination, with 
low false-positive rate and recall rates. Thus far 
such an all-in-one imaging tool is not available; 
hence there is no role for routine screening by 
any imaging. For the high-risk group, screening 
with MRI should be offered according to national 
guidelines in experienced centers.

References

 1. American College of Radiology. Breast imaging 
reporting and data system (BI-RADS™). 5th ed. 
Reston, VA: American College of Radiology; 2013.

 2. Kim JY, Lee SH, Lee JW, et al. Magnetic resonance 
imaging characteristics of invasive breast cancer 
in women aged less than 35 years. ActaRadiol. 
2015;56(8):924–32.

 3. Veltman J, Mann R, Kok T. Breast tumor characteris-
tics of BRCA1 and BRCA2 gene mutation carriers on 
MRI. EurRadiol. 2008;18:931–8.

 4. Giess C, Yeh E, Raza S, et  al. Background paren-
chymal enhancement at breast MR imaging: nor-
mal patterns, diagnostic challenges, and potential 
for false-positive and false-negative interpretation. 
Radiographics. 2014;34(1):234–47.

 5. Checka CM, et al. The relationship of mammographic 
density and age: implications for breast cancer screen-
ing. AJR Am J Roentgenol. 2012;198(3):W292–5.

 6. Boyd NF, Guo H, Martin LJ.  Mammographic den-
sity and the risk and detection of breast cancer. 
NEnglJMed. 2007;356(3):227–36.

 7. Stavros AT, Thickman D, Rapp CL, et  al. Solid 
breast nodules: use of sonography to distinguish 
between benign and malignant lesions. Radiology. 
1995;196(1):123–34.

 8. Holley RJ, Scoutt LM, Philpotts LE.  Breast 
ultrasonography: state of the art. Radiology. 
2013;268(3):642–59.

 9. Brem RF, Tabar L, Duffy S, et al. Assessing improve-
ment in detection of breast cancer with three- 
dimensional automated breast ultrasound in women 
with dense breast tissue: the SomoInsightstudy. 
Radiology. 2015;274(3):663–73.

 10. Wilczek B, Wilczek H, Rasouliyan L, Leifland 
K. Adding 3D automated breast ultrasound to mam-
mography screening in women with heterogeneously 
and extremely dense breasts: report from a hospital- 

based, high-volume, single-center breast cancer 
screening program. Eur J Radiol. 2016;85(9):1554–63.

 11. Houssami N, Simpson IL, et al. Sydney breast imag-
ing study accuracy study: comparative sensitivity 
and specificity of mammography and sonography in 
young women with symptoms. AJR Am J Roentgenol. 
2003;180(4):935–40.

 12. Kemp Jacobsen K, O’Meara ES, Key D, et  al. 
Comparing sensitivity and specificity of screening 
mammography in the United States and Denmark. Int 
J Cancer. 2015;137(9):2198–207.

 13. Warner E, Plewes DB, Hill KA, et  al. Surveillance 
of BRCA1 and BRCA2 mutation carriers with 
magnetic resonance imaging, ultrasound, mam-
mography and clinical breast examination. JAMA. 
2004;292(11):1317–25.

 14. The Royal College of Radiologists. Guidance on 
screening and symptomatic breast imaging,3rd 
edition.2013.

 15. Houssami N, Turner RM. Rapid review: estimates of 
incremental breast cancer detection from tomosyn-
thesis (3D-mammography) screening in women with 
dense breasts. Breast. 2016;30:141–5.

 16. Kim WH, Chang JM, Lee J. Diagnostic performance 
of tomosynthesis and breast ultrasonography in 
women with dense breasts: a prospective comparison 
study. Breast Cancer Res Treat. 2017;162(1):85–94.

 17. Berg WA, Gutierrez L, Ness Aiver MS.  Diagnostic 
accuracy of mammography, clinical examination, US 
and MR imaging in preoperative assessment of breast 
cancer. Radiology. 2004;233(3):830–49.

 18. Warner E, Hill K, Causer P, et al. Prospective study 
of breast cancer incidence in women with a BRCA1 
or BRCA2 mutation under surveillance with and 
without magnetic resonance imaging. J ClinOncol. 
2011;29(13):1664–9.

 19. Kriege M, Brekelmanns CT, Boetes C, et al. Efficacy 
of MRI and mammography for breast cancer screen-
ing in women with a familial and genetic predisposi-
tion. N Engl J Med. 2004;351(5):427–37.

 20. Sardanelli F, Boetes C, Borisch B, et  al. Magnetic 
resonance imaging of the breast: recommendations 
from the EUSOMA working group. Eur J Cancer. 
2010;46:1296–316.

 21. Obdeijn IM, Winter-Warnars GA, Mann RM, et  al. 
Should we screen BRCA1 mutation carriers only with 
MRI? A multicenter study. Breast Cancer Res Treat. 
2014;144(3):577–82.

 22. Phi X, Saadatmand S, De Bock G, et al. Contribution of 
mammography to MRI screening in BRCA mutation 
carriers by BRCA status and age: individual patient 
data meta-analysis. Br J Cancer. 2016;114(6):631–7.

 23. Houssami N, Turner R, Macaskill P, et  al. An indi-
vidual person data meta-analysis of preoperative mag-
netic resonance imaging and breast cancer recurrence. 
J Clin Oncol. 2014;32(5):392–401.

 24. Houssami N, Turner R, Morrow M.  Preoperative 
magnetic resonance imaging in breast cancer: 
meta-analysis of surgical outcomes. Ann Surg. 
2013;257(2):249–55.

3 Imaging to Improve Diagnosis of Breast Cancer in Young Women



34

 25. Paluch-Shimon S, Pagani O, Partridge A, et al. Second 
International Consensus guidelines for breast cancer 
in young women (BCY2). Breast. 2016;26:87–99.

 26. Russo J, Moral R, Balogh GA, et al. The protective 
role of pregnancy in breast cancer. Breast Cancer Res. 
2005;7(3):131–42.

 27. Faguy K. Breast disorders in pregnant and lactating 
women. Radiol Technol. 2015;86(4):419–38.

 28. Schackmuth EM, Harlow CL, Norton LW. Milk fis-
tula: a complication after breast core biopsy. AJR. 
1993;161:961–2.

 29. Robbins J, Jeffries D, Roubidoux M, et al. Accuracy of 
diagnostic mammography and breast ultrasound dur-

ing pregnancy and lactation. AJR Am J Roentgenol. 
2011;196(3):716–22.

 30. Magno S, Terribile D, Franceschini G, et  al. Early 
onset lactating adenoma and the role of breast MRI: a 
case report. J Med Case Rep. 2009;3:43.

 31. Talele AC, SLanetz PJ, Edmister WB, et al. The lactat-
ing breast: MRI findings an literature review. Breast J. 
2003;9:237–40.

 32. Joshi S, Dialani V, Marotti J, et  al. Breast disease 
in the pregnant and lactating patient: radiological- 
pathological correlation. Insights Imaging. 
2013;4:527–38.

T. Gagliardi



35© Springer Nature Switzerland AG 2020 
O. Gentilini et al. (eds.), Breast Cancer in Young Women, 
https://doi.org/10.1007/978-3-030-24762-1_4

Establishing a Program  
for Young Women at High Risk 
for Breast Cancer

Soley Bayraktar and Banu Arun

4.1  Defining the “High-Risk 
Patient”: Risk Factors 
and Risk Categories

The American Cancer Society [1] defines high 
risk as a lifetime risk of 20% or more, moderate 
risk as a lifetime risk of 15–20%, and normal risk 
as a lifetime risk of less than 15%. Knowledge of 
risk factors will help clinicians develop risk lev-
els and make clinical decisions. A system to 
select the patients who require further evaluation 
should be created to optimize resources and 
acceptability.

4.1.1  Non-genetic Risk Factors 
for Breast Cancer

4.1.1.1  Age
The risk of developing breast cancer increases 
with age. According to the Surveillance, 
Epidemiology, and End Results (SEER) data-
base, the probability of a woman in the United 
States developing breast cancer is 1  in 8 over a 

lifetime, 1  in 202 from birth to age 39 years of 
age, 1 in 26 from 40 to 59 years, and 1 in 28 from 
60 to 69 years [2]. Young women who develop 
breast cancer appear to have worse disease-free 
survival (DFS) and overall survival (OS) and 
present with more aggressive-appearing biologi-
cal characteristics than older women [3].

4.1.1.2  Environmental and Lifestyle 
Risk Factors

Most breast cancers are related to female hor-
mones, and therefore any factor that increases 
exposure to these hormones is a potential risk 
factor. In particular, reproductive factors associ-
ated with increased exposure to endogenous 
estrogens produced by the ovaries, such as earlier 
menarche, late menopause, low parity, and late 
age at first birth, are recognized breast cancer risk 
factors [4–6]. Similarly, women exposed to exog-
enous hormones (e.g., through menopausal hor-
mone therapy (MHT) or oral contraceptives) are 
often at increased risk [7–9].

Lifestyle factors are also associated with breast 
cancer. There is an estimated 10% increase in risk 
per 10  g of ethanol consumed every day [10]. 
Being overweight or obese is also associated with 
breast cancer risk, but only in postmenopausal 
women, with a gain of 5 kg/m2 in body mass index 
(BMI) resulting in an 8% increase in disease risk. 
On the contrary, excess weight is associated with 
a decrease in risk in premenopausal women. 
Again, these  associations can be explained by 
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hormonal factors: alcohol consumption and post-
menopausal obesity are related to higher circulat-
ing estrogen levels [11]. In postmenopause, 
elevated estrogen levels are most probably due to 
extraglandular production in the adipose tissue, 
whereas in premenopause, the decrease in female 
hormone synthesis associated with anovulatory 
cycles in obese women likely explains the inverse 
association with breast cancer [11].

Radiation exposure from various sources, 
including medical treatment and nuclear explo-
sion, increases the risk of breast cancer. Radiation 
to the chest wall for treatment of childhood can-
cer increases the risk of breast cancer linearly 
with chest radiation dose [12]. Survivors of child-
hood cancers who received therapeutic radiation 
are at a dose-dependent risk for the development 
of breast cancer, and those treated for Hodgkin’s 
disease are at highest risk (RR = 7) [13]. Radiation 
effects on the development of female breast can-
cer were also demonstrated in Japan after the 
nuclear attacks on Hiroshima and Nagasaki [14] 
and positively correlated with age younger than 
35  years at time of exposure. The incidence of 
breast cancer has also increased in areas of 
Belarus and Ukraine. A significant twofold 
increase was observed in the most contaminated 
areas around Chernobyl following the nuclear 
accident and manifested in women who were 
younger at the time of the exposure [15].

4.1.1.3  Mammographic Breast Density
Mammographic breast density (MBD), alone or 
in combination with other risk factors, is associ-
ated with an increased risk of breast cancer [16–
18]. Percentage dense area (PDA) is the most 
common measurement of mammographic den-
sity. A four- to sixfold greater risk of breast can-
cer has been reported in women for whom more 
than 75% of the total area on mammogram is 
occupied by dense area [19]. In addition to PDA, 
the absolute dense area of the breast obtained 
during an assessment of PDA is an independent 
risk factor for breast cancer, and its inclusion in 
risk-assessment tools has been proposed [20].

4.1.1.4  Breast Pathology
Proliferative breast disease is associated with an 
increased risk of breast cancer. Proliferative 
breast lesions without atypia, including usual 
ductal hyperplasia, intraductal papillomas, scle-
rosing adenosis, and fibroadenomas, confer only 
a small increased risk of breast cancer develop-
ment, approximately 1.5–2 times that of the gen-
eral population [21, 22]. Atypical hyperplasia, 
including both ductal and lobular, which are usu-
ally incidentally found during screening mam-
mography, confers a substantial increased risk of 
breast cancer. Women with lobular atypia have an 
approximately four to five times increased life-
time risk of developing breast cancer in either the 
ipsilateral or contralateral breast compared with 
the general population [23].

In lobular carcinoma in situ (LCIS), pre- 
malignant cells are growing in the lobules, but 
not growing through the wall of the lobules. LCIS 
is a risk factor and a nonobligate precursor of 
breast carcinoma. The relative risk of invasive 
carcinoma after classic LCIS diagnosis is approx-
imately nine to ten times that of the general 
population.

Previously uncommon, ductal carcinoma in 
situ (DCIS) now comprises ~20% of all breast 
carcinoma diagnoses [24]. DCIS shares many of 
the epidemiological risk factors as invasive 
breast cancer (IBC) including age, family his-
tory, parity, and some other hormonal factors 
and high mammographic density [25]. Because 
of its nature as a potential precursor for IBC, 
excision of DCIS is recommended; however, 
most DCIS would never progress to invasive 
disease nor give rise to any morbidity. Indeed, 
autopsy studies indicate that occult DCIS exists 
in ~9% of women (range 0–15%) [26]. In the 
few studies with small numbers of DCIS where 
misdiagnosis led to omission of surgery, 
14–53% of women developed IBC over 30 years 
[27–29]. A recent meta- analysis placed the 
15-year invasive recurrence rate after surgery 
alone for DCIS at 28% and breast cancer-spe-
cific mortality at 18% [30].
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4.1.2  Genetic Risk Factors  
for Breast Cancer

4.1.2.1  Personal History  
of Breast Cancer

A personal history of breast cancer is a signifi-
cant risk factor for the development of a second 
ipsilateral or contralateral breast cancer. In fact, 
the most common cancer among breast cancer 
survivors is metachronous contralateral breast 
cancer (CBC) with a mean annual incidence rate 
of 0.13% [31]. Factors associated with an 
increased risk of a second breast cancer include 
an initial diagnosis of DCIS, stage IIB, hormone 
receptor-negative cancers, and young age [32].

4.1.2.2  Family History of Breast Cancer
A woman’s risk of breast cancer is increased if she 
has a family history of the disease. In the Nurses’ 
Health Study follow-up, women with a mother 
diagnosed before age 50 had an adjusted relative 
risk (RR) of 1.69, and women with a mother diag-
nosed at 50 or older had an RR of 1.37 compared 
with women without a family history of breast 
cancer. A history of a sister with breast cancer was 
associated with an increased RR of 1.66 if the 
diagnosis was made prior to age 50 and an RR of 
1.52 if diagnosed after age 50 compared with 
patients without a family history [33]. The highest 
risk is associated with an increasing number of 
first-degree relatives diagnosed with breast cancer 
at a young age (younger than 50). Compared with 
women who had no affected relative, women who 
had one, two, or three or more affected first-degree 
relatives had risk ratios of 1.80, 2.93, and 3.90, 
respectively [34].

4.1.2.3  Genetic Predisposition
Approximately 20–25% of breast cancer patients 
have a positive family history, but only 5–10% of 
breast cancer cases demonstrate autosomal domi-
nant inheritance [35, 36]. Genetic predisposition 
alleles have been described in terms of clinical 
significance [37]. High-risk predisposition alleles 
conferring a 40–85% lifetime risk of developing 
breast cancer include BRCA1 and BRCA2 muta-

tions and mutations in TP53 resulting in 
Li-Fraumeni syndrome, PTEN resulting in 
Cowden syndrome, STK11 causing Peutz- 
Jeghers syndrome, NF1 resulting in neurofibro-
matosis, and CDH-1 resulting in E-cadherin 
impairment [38]. Half of the breast cancer predis-
position syndromes are associated with muta-
tions in BRCA1 and BRCA2. Women with 
BRCA1 or BRCA2 deleterious mutations have a 
significantly higher risk of developing breast can-
cer than the general population, and they develop 
breast cancer at a younger age. In a large study by 
the Consortium of Investigators of Modifiers of 
BRCA1/2 (CIMBA), the median age of breast 
cancer diagnosis was 40  years among BRCA1 
and 43  years among BRCA2 mutation carriers 
[39]. Lifetime breast cancer risk ranges from 
65% to 81% for BRCA1 mutation carriers and 
45% to 85% for BRCA2 carriers [40–42]. 
BRCA1 and BRCA2 mutation carriers develop 
DCIS more frequently and at an earlier age than 
the general population [43] and are significantly 
more likely to have occult DCIS in prophylactic 
mastectomies than age-matched non-carriers 
from autopsy studies [17]. Women carrying a 
BRCA1 or BRCA2 germline mutation also have 
increased risk of other cancer types, such as ovar-
ian cancer and fallopian tube cancer, male breast 
cancer, prostate cancer, pancreas cancer, gastro-
intestinal cancers (e.g., gallbladder, bile duct, and 
stomach), and melanoma [44–46].

Moderate-risk genes, including homozygous 
ataxia-telangiectasia mutations (ATM) [47], 
somatic mutations in tumor suppressor gene 
CHEK2, and the BRCA1 and BRCA2 modifier 
genes BRIP1 [48] and PALB2 [49], confer a 
20–40% lifetime risk of breast cancer. A study 
suggested an association between germline TP53 
mutations and early-onset HER2-positive breast 
cancer [50]. Numerous low-risk common alleles 
have been identified, largely through genome- 
wide association studies [37], and the clinical 
implications of these mutations have not been 
determined.

Families carrying genetic mutations in the 
abovementioned genes exhibit an apparently 
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dominant inheritance pattern and are often char-
acterized by early age of onset and overrepresen-
tation of ovarian, bilateral breast, and male breast 
cancers [51]. In a large study by the Consortium 
of Investigators of Modifiers of BRCA1/2 
(CIMBA), the median age of breast cancer diag-
nosis was 40 years among BRCA1 and 43 years 
among BRCA2 mutation carriers [39].

4.2  Genetic Counseling 
and Breast Cancer Risk 
Assessment Models

The National Comprehensive Cancer Network 
(NCCN) has guidelines regarding who should be 
offered genetic testing on the basis of personal 
and family history [52]. In the presence of predic-
tive factors for a hereditary cancer syndrome, it 
would be appropriate to refer an individual for 
genetic counseling even if they do not have a per-
sonal history of invasive breast cancer.

For patients with risk factors based on personal 
or family history, different models are available 
for assessing and quantifying risk [53–55]. The 
Gail, Claus, and Tyrer-Cuzick models are some of 
the more commonly used models that estimate 
breast cancer risk. Of note, these models are dif-
ferent than models such as BRCAPRO or 
BOADICEA, which are more commonly used to 
estimate the likelihood of a BRCA1 or BRCA2 
mutation. Additionally, these models are not 
appropriate for use in women with a known dele-
terious gene mutation associated with a hereditary 
breast cancer syndrome, as the models will likely 
underestimate the woman’s breast cancer risk.

The accuracy of any breast cancer risk assess-
ment model is dependent on the accuracy of the 
reported family history. In general, breast cancer 
is often accurately reported in families, whereas 
abdominal cancers, such as gynecologic cancers, 
are often misreported. The cancer genetics pro-
fessional will work with the patient to try to 
obtain the most accurate family history possible, 
either through the use of medical or death records 
or by asking follow-up questions regarding how 
the cancer was diagnosed or treated. Finally, the 
cancer genetics professional will choose the 

model(s) that best account for the patient’s per-
sonal and family history risk factors for breast 
cancer. If genetic testing is deemed unnecessary, 
or once genetic testing is complete, and if an 
inconclusive negative result or a VUS is identi-
fied, breast cancer risk assessment models can be 
used to estimate a woman’s breast cancer risk and 
make appropriate recommendations about risk 
management.

Assignment of risk levels permits tailored 
screening and risk reduction strategies. The 
genetics counselor will review her family medi-
cal history, talk about the role of genetics in can-
cer, and perform a hereditary cancer risk 
assessment. This assessment should cover:

• Patient’s chances of having a genetic 
mutation

• Personalized genetic testing recommendations
• A general estimate of personal cancer risks
• Individualized cancer screening and preven-

tion recommendations

Since 2013, because of changes in patent law, 
BRCA1/BRCA2 genetic testing is now offered at 
a variety of laboratories, and an increasing num-
ber of laboratories are utilizing next-generation 
sequencing (NGS) to offer extensive hereditary 
cancer panel testing, which includes analysis of 
many genes simultaneously.

4.3  Cancer Genetic Risk 
Assessment

Despite advances in genetic testing, assessment 
of cancer family history and pedigree structure 
remains central to accurate risk assessment. The 
pedigree allows for a visual assessment of pat-
terns of cancer as well as the informativeness of 
the family structure as a whole. In some cases, 
appreciation of many unaffected relatives can 
reduce concern for a hereditary condition, while 
in others, small family size or individuals with 
early deaths or interventions that reduce cancer 
risk (such as oophorectomy) can limit the ability 
to recognize a hereditary syndrome if one were 
present in the family. The risk assessment should 
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also assess physical features, for example, skin 
hyperpigmentation, mucocutaneous tumors, and 
macrocephaly, which can aid in the identification 
of Peutz-Jeghers syndrome, and non-genetic risk 
factors, such as reproductive history and expo-
sure to radiation or endogenous estrogens or pro-
gestins, which might explain breast cancer in a 
family. The possibility of non-paternity and 
undisclosed adoption as well as the accuracy of 
the reported information should also be consid-
ered when deciding whether genetic testing 
should be offered.

Genetic testing recommendations not only 
include which test(s) are indicated but also who 
in the family is the best genetic testing candidate. 
Genetic testing is most informative when an 
affected family member is tested first. Thus, 
patients who are referred for cancer genetic risk 
assessment may need to prepare themselves to 
discuss genetic testing with family members. 
However, there are circumstances in which an 
unaffected person in the family may be the first 
person to undergo genetic testing, such as when 
affected family members are deceased. In any 
case, the benefits, risks, limitations, testing pro-
cess, and possible results of genetic testing 
should be discussed. The goal of this discussion 
is to allow the patient to make an informed deci-
sion regarding genetic testing and to understand 
how genetic testing may influence her breast can-
cer risk management.

4.4  Genetic Test Results

Patients who undergo genetic testing can receive 
three possible test results: positive, negative, or 
variant of uncertain significance (VUS). A posi-
tive result means that a mutation that is known to 
be deleterious was identified and the patient is at 
increased risk for certain types of cancer. The 
increased cancer risks may include breast cancer, 
as well as a variety of other cancers, depending 
on in which gene the mutation was identified. A 
positive result does not guarantee that a patient 
will develop breast or other cancers, nor does it 
predict at what age a cancer might develop. A 
positive result does allow the patient and her phy-

sician to consider more aggressive screening or 
risk reduction options, which will be discussed in 
greater detail later in this review.

The next possible genetic test result is a nega-
tive result. There are actually two types of negative 
results: true negative and inconclusive negative. A 
true-negative result can only occur when a positive 
result has previously been identified in a patient’s 
family member. In the case of a true-negative 
result, the patient undergoes testing for the muta-
tion that was identified in her relative, and the 
patient is found not to have the same mutation. In 
contrast, an inconclusive negative result occurs 
when a patient undergoes genetic testing and no 
deleterious mutations are identified. Inconclusive 
negative results require an individualized breast 
cancer risk management plan based on the patient’s 
personal and family history.

The last possible genetic test result is a 
VUS. A VUS is a mutation whose effect on the 
function of the gene is unknown. A VUS could be 
a deleterious mutation that is associated with an 
increased risk of cancer, or it could be a harmless 
change in the gene that is not at all associated 
with an increased risk of cancer. Variants of 
uncertain significance also require an individual-
ized breast cancer risk management plan based 
on the patient’s personal and family history.

4.5  Why Is Genetic Testing 
Important?

Once we identify young women carrying a breast 
cancer predisposition gene, it is important to 
apply proper steps as part of a multidisciplinary 
approach at a high-risk clinic. Based on the cur-
rent evidence, high-risk individuals require dif-
ferent screening and risk reduction strategies 
from those deployed for the population at large. 
Importantly, taking appropriate steps as part of a 
multidisciplinary approach would ensure that 
these women are treated with appropriate chemo-
therapy as they have a differential sensitivity to 
chemotherapeutic agents. For example, it could 
lead to offering a patient neoadjuvant chemother-
apy with PARP inhibitors, or platinums, or enroll-
ing her in specific clinical trials.
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Genetic evaluation before surgical decision 
making is also important as knowledge of muta-
tion status may influence immediate treatment 
recommendations including the performance of 
concomitant contralateral risk-reducing mastec-
tomy and RRSO in a patient who would otherwise 
undergo only lumpectomy or unilateral mastec-
tomy [56]. Genetic testing could get lost in the 
shuffle of complicated medical care and other 
immediate decisions that need to be made. The 
optimum window of opportunity for genetic test-
ing to influence surgical decisions would be dur-
ing neoadjuvant chemotherapy if it is prescribed; 
then the definitive decision occurs after chemo-
therapy is completed and before the surgery or 
initiation of radiotherapy. If the patient is not a 
candidate for neoadjuvant chemotherapy, then 
expedited genetic testing may play a role in order 
to avoid a delay in surgical procedures. However, 
the timing of genetic counseling and testing must 
balance the necessity for immediate testing with 
the stress patients feel as they cope with the diag-
nosis of cancer, treatment plans, and prognosis.

4.5.1  Implications for the Affected 
Individuals

4.5.1.1  Implications on the Systemic 
Therapy Options

Traditionally, for those who develop breast or 
ovarian cancer, systemic therapy has been 
selected similarly to those with sporadic cancers, 
and the choice of chemotherapy (adjuvant or neo-
adjuvant as appropriate), endocrine therapy, and 
radiation has been based on ER/PR/HER2 status, 
lymph node involvement, and the size of the 
tumor. However, the approach to treatment is 
changing based on the recent data suggesting that 
BRCA1-defective cell lines are sensitive to 
DNA-damaging agents, such as platinum, and are 
relatively resistant to taxanes compared with 
BRCA-competent cell lines [57–60].

An important recent advance is that the FDA 
has approved the first molecularly targeted ther-
apy olaparib, a poly(ADP-ribose) polymerase 
(PARP) inhibitor, for the treatment of patients 
with deleterious or suspected deleterious germ-

line BRCA-mutated, HER2-negative metastatic 
breast cancer who have been treated with chemo-
therapy either in the neoadjuvant, adjuvant, or 
metastatic setting [61]. Because BRCA1 and 
BRCA2 proteins are critical in double-strand 
DNA repair, combining PARP inhibition with 
tumors that have defective BRCA1 or BRCA2 
proteins exerts a synergistic lethal effect [62].

When it comes to endocrine therapy recom-
mendations, some studies have reported that 
tamoxifen reduces the risk of contralateral 
breast cancer (CBC) by 50–70% in BRCA muta-
tion carriers; other studies have not reported a 
significant reduction [63, 64]. However, overall, 
studies suggested that tamoxifen was associated 
with a risk reduction in patients with BRCA 
mutation- associated ER-positive breast cancer 
with or without oophorectomy. Currently, the 
role of aromatase inhibitors (AI) after RRSO 
or as an adjuvant endocrine therapy in BRCA 
mutation-associated breast cancer is unknown. 
The IBIS-II study is evaluating anastrozole 
versus placebo in high-risk women. In addi-
tion, there is an ongoing French study evalu-
ating letrozole versus placebo in women with 
BRCA mutations [ClinicalTrials.gov identifier: 
NCT00673335].

4.5.1.2  Implications on the Surgical 
Interventions

In addition to the risk of ipsilateral recurrence 
(IPR), breast cancer patients with a deleterious 
BRCA1 mutation have up to a 43.4% 10-year 
risk of contralateral breast cancer (CBC), while 
BRCA2 mutation carriers have up to a 34.6% 
10-year risk. The risk increases exponentially in 
women diagnosed at a younger age [65]. Most 
studies have reported that oophorectomy reduces 
the risk of CBC in BRCA mutation carriers by 
50–70%, with the greatest benefit observed if the 
surgery is performed before the age of 50 [66]. 
Despite the significant reduction in the risk of 
CBC associated with prophylactic contralateral 
mastectomy in BRCA mutation carriers, the pro-
cedure has not currently been found to improve 
survival, although studies have been limited by 
short follow-up [67]. In this multicenter, 
 prospective cohort study by Domchek et  al., 
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salpingo- oophorectomy was associated with a 
reduction of ovarian cancer and ovarian cancer 
mortality, a reduction of subsequent breast cancer 
and breast cancer mortality, and a reduction of 
overall mortality. The above findings justify the 
practice of offering the option for risk-reducing 
surgeries to women with BRCA mutations; how-
ever, a detailed discussion with the patient regard-
ing the surgical risk-reducing intervention and its 
long- term side effects is central to the manage-
ment of mutation carriers.

4.5.2  Implications 
for the Unaffected Individuals

There is general agreement that women with a 
higher lifetime risk of breast cancer, such as that 
conferred by a BRCA mutation, should undergo 
earlier and more frequent screening, with additional 
imaging modalities considered. A consolidated 
summary of breast cancer screening recommen-
dations published by the National Comprehensive 
Cancer Network (NCCN), American Cancer 
Society (ACS), American College of Radiology 
(ACR), and other national organizations for the 
asymptomatic, female, BRCA mutation carrier 
includes the following [52]:

• Monthly breast self-exam (BSE) beginning at 
the age of 18 years

• Semiannual clinical breast exam (CBE) begin-
ning at the age of 25 years

• Alternating annual mammograms with annual 
breast magnetic resonance imaging (MRI) 
beginning at the age of 25–30 years or indi-
vidualized based on the earliest age of cancer 
onset in the family [68]

Women with mutations in genes of uncertain 
clinical validity for breast cancer assessment 
(such as BARD1, BRIP1, MRE11A, RAD50/51, 
RAD51B/C/D, and certain missense mutations in 
CHEK2) are not recommended to undergo MRI 
screening based on the presence of the mutation 
alone. For these women, however, a family- 
history- based model might predict sufficient risk 
to warrant MRI screening [69].

While risk-reducing salpingo-oophorectomy 
(RRSO) is more effective in preventing ovarian 
cancer in these women compared to general popu-
lation, some may not opt to pursue this interven-
tion until after their childbearing years. In the 
absence of more effective screening methods, 
transvaginal ultrasound (TVU) and CA-125 levels 
continue to be recommended and endorsed by 
national organizations for women who are at high 
risk for hereditary breast and ovarian cancer syn-
dromes (HBOC). Current NCCN screening 
guidelines for BRCA mutation carriers who are 
not undergoing RRSO include the following [52]:

• Semiannual concurrent pelvic exam, TVU, 
and CA-125 antigen determination beginning 
at the age of 30–35 years or 5–10 years earlier 
than the youngest age at which any family 
member was diagnosed with ovarian cancer.

• RRSO between 35 and 40  years of age 
appears appropriate for BRCA1 mutation car-
riers, while delaying RRSO until the early 
40s for the BRCA2 mutation carrier appears 
safe[42, 70].

Mutations in the tumor suppressor genes 
BRCA1 and BRCA2 place male and female car-
riers at increased risk for a number of other can-
cers, notably pancreatic, melanoma, colorectal, 
and other gastrointestinal tumors. No expert con-
sensus or evidence-based guidelines exist regard-
ing screening for these cancers. Some literature 
and investigational studies support considering 
the following additional surveillance modalities 
[71, 72]:

• Pancreatic: annual endoscopic ultrasound, 
beginning at the age of 50 years or 10 years 
prior to the earliest pancreatic cancer diagno-
sis in the family

• Melanoma: annual full body skin and ocular 
exam

• Colorectal: population screening guidelines, 
beginning at the age of 50 years and continu-
ing until 75 years old

• Annual fecal occult blood testing
• Sigmoidoscopy every 5 years or colonoscopy 

every 10 years
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4.5.3  Implications for the Family 
Members

The abovementioned risk-reducing surgeries, 
chemoprevention, and surveillance strategies are 
not only for mutation carriers but also for unaf-
fected women who carry the cancer-predisposing 
genes. Family members of a woman who carry a 
germline genetic mutation should be referred to a 
high-risk breast cancer clinic and undergo pre-
dictive genetic testing and if found positive dis-
cuss risk management options. In fact a study 
showed that, with appropriate risk management, 
breast and ovarian cancer risk could be reduced 
by 23% and 41%, respectively, in first-degree 
family members with BRCA mutations (Kwon 
and Arun JCO 2010).

4.6  How to Establish a Program 
for Young Women at High 
Risk for Breast Cancer

A program for patients at high risk for breast can-
cer needs to be developed according to the cur-
rent legislation and healthcare conditions in the 
country where the program will be located and 
local decisions regarding what is wanted or 
needed. Regardless of where the program is 
developed, it may be useful to consider the list of 
goals outlined by MacDonald [73] (Table  4.1). 

The staff should include genetic counselors, 
nurses, physicians, psychologists, social workers, 
secretaries, and a data manager. A medical direc-
tor is needed to assist with development and 
monitor achievements and opportunities for 
improving the program.

Since high-risk evaluation, especially genetic 
counseling and genetic testing, is a part of a mul-
tidisciplinary evaluation of the affected patient 
with breast cancer, it would be ideal to have sev-
eral “stakeholders” involved in the multidisci-
plinary physician team. These would include 
surgeons, medical oncologists, radiologists, 
gynecologists, and gynecology oncologists. 
Periodic high-risk and genetic patient care 
boards/meetings are encouraged to establish and 
maintain a productive process and clinic flow. 
With recent improvements in technology (e.g., 
multipanel gene testing), genetic testing and 
management guidelines change rapidly; hence 
regular meetings enable a platform to discuss 
current guidelines and their implementation in 
the clinics. These meetings would also serve as 
an important infrastructure to ask clinically rele-
vant research questions. We stress also the impor-
tance of building a prospective high-risk and 
genetics database that would allow to prospec-
tively collect data, blood, and tissue samples for 
research.

Along with a promotional plan, a simple refer-
ral guide should be created for distribution to 
physicians. Ideally, the guide should be kept vis-
ible in the clinics that may refer patients. Having 
health insurance support may encourage other 
institutional staff to participate and allow easy 
referral process. To get health insurance compa-
nies to cover the services provided in the high- 
risk program, it should be explained that an 
economic benefit is expected from promoting 
prevention, screening, chemoprevention, and 
prophylactic surgeries, allowing resources to be 
focused where they are needed the most [74].

While the importance of identifying individu-
als for high-risk and/or genetic testing is widely 
recognized, unfortunately studies have shown 
that only 22% of eligible individuals are actually 
referred to genetic evaluation and testing [75, 
76]. As discussed previously, among patients 

Table 4.1 Goals of a cancer genetics service

–  Identify individuals at high risk for cancer and 
genetic mutation carriage

–  Stratify patients according to risk and tailor 
screening and management according to risk

–  Promote a healthy lifestyle as a primary preventive 
intervention

– Provide genetic counseling regarding cancer risk
– Protect patient privacy and confidentiality
–  Provide education about factors that confer a high 

risk of breast cancer to clinicians and the community
– Establish research collaborations
–  Publish your actions and the results of your 

interventions
–  Promote your initiative and encourage the 

development of new programs for patients at high 
risk

– Create a cost-effective breast program
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newly diagnosed with cancer, a positive test 
result will often prompt more aggressive surgical 
treatment (e.g., bilateral salpingo-oophorectomy 
or prophylactic contralateral mastectomy) with 
the goal of minimizing the potential for second 
primary cancers or prompt consideration of new 
systemic therapies such as PARP inhibitors for 
ovarian cancer. A positive test result may also 
prompt consideration of BRCA1/2 testing among 
at-risk relatives of the cancer patient so that those 
testing positive can benefit from more aggressive 
prevention and screening.

Studies are trying to address the reasons 
behind low genetics referral practices; it is 
thought to be related to decreased awareness 
among healthcare providers, not having a referral 
system, not having a specialized high-risk and 
genetics clinic in place, as well as patient-related 
factors (anxiety about genetic risk, stigmata, and 
insurance concerns, among others). A well- 
diverse multidisciplinary high-risk team and 
clinic can address some of these issues and 
increase awareness and access to these services 
with the ultimate aim of not missing any patient 
that would benefit from risk assessment and 
genetic testing.

The ideal location of high-risk clinics is as fol-
lows: In some high-risk programs, breast cancer 
screening and prevention services for high-risk 
individuals are offered in a centralized high-risk 
clinic located in a different area from the breast 
cancer unit. Other high-risk programs offer their 
services in the clinic where breast cancer patients 
are treated. In this arrangement, the high-risk 
team interacts with the oncology team, sharing 
examination rooms and clinics, allowing continu-
ous feedback. This approach allows for multidis-
ciplinary management and ongoing 
communication between the patients and multi-
ple healthcare providers.

Legal issues must be addressed by every 
high- risk program. Depending on the country, 
there may be important issues related to the 
lack of laws about genetic syndromes and risk 
assessment. The information that is going to 
be generated must be managed confidentially; 
disclosure of such information to insurance 
companies and healthcare providers may be 

threatening for patients if there is no legisla-
tion that protects patients. High-risk programs 
should obtain approval from patients and insti-
tutions to share very sensitive information and 
should create an information-sharing system 
that protects patient privacy. Such a system is 
particularly important in the case of referral 
or assessment of patients who live outside the 
city or country where the high-risk program is 
located.
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of Hereditary Breast Cancer

Maria João Cardoso

5.1  Introduction

Breast cancer is the most frequent cancer in high- 
income countries, and although survival is one of 
the highest, it is still the most common cause of 
cancer-related death in women.

Although the majority of breast cancers are spo-
radic, approximately 10% of breast cancers develop 
in the setting of hereditary gene mutations.

The risk of developing a breast cancer in 
women who carry a germline mutation depends on 
gene penetrance. Gene penetrance is defined as the 
probability of the effect (phenotype) of a mutation 
(genotype) will become clinically detected.

The majority of hereditary breast cancers are 
attributed to mutations in the BRCA1 and 
BRCA2 genes. Together BRCA1 and BRCA2 
mutations account for around 30% of inheritable 
breast cancers. BRCA mutations increase also 
the risk of cancer in the ovaries, fallopian tubes, 
peritoneum, breast cancer in males, prostate can-
cer in younger men, pancreatic cancer and mela-
noma constituting what is known as Hereditary 
Breast and Ovarian Cancer Syndrome [1].

Other gene mutations with varying penetrance 
and frequencies that are less common than BRCA 
mutations have also been associated with heredi-

tary breast cancer (Table 5.1). Women who test 
negative for BRCA mutations and have a strong 
family history suggesting an hereditary cancer 
syndrome may be advised to undergo multigene 
test assessment. However, a word of caution is 
fundamental in this setting because the amount of 
evidence-based knowledge related to other genes, 
especially the moderate and low penetrance 
genes, is still very scarce.

The current chapter will focus mainly on the 
locoregional treatment of breast cancer in the set-
ting of BRCA1 and BRCA2 mutations.

BRCA mutation carriers have a high lifetime 
risk of breast cancer that ranges from 30 to 85%.

Breast cancers that arise in the context of a 
deleterious BRCA1 or BRCA2 gene mutation 
have unique biologic features that directly affect 
surgical decisions, radiation therapy options and 
the choice of systemic agents.

For women without a mutation, facing a new 
breast cancer diagnosis, breast conserving treat-
ment (BCT), if possible, is the preferred option, 
conferring a superior breast cancer-specific sur-
vival to mastectomy (M) particularly in early stages 
of disease [2]. However, in the presence of a con-
firmed or suspicious mutation carrier status, local 
management decisions need to be balanced taking 
into account the risk of ipsilateral breast recurrence 
(IBR), the risk of contralateral breast cancer (CBC), 
the potential survival benefit of prophylactic mas-
tectomy and the modifying factors that could either 
increase or decrease the risk for IBR or CBC [3].
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5.2  Breast Cancer Diagnosis 
and Testing for BRCA 
Mutation Status: Clinical 
Scenarios

In the clinical setting, there are three main sce-
narios that can modify the locoregional treatment 
approach. The first scenario is a diagnosis of a 
breast cancer in a known mutation carrier; the 
second one is a detection of a mutation carrier 
status after the completion of a breast cancer 
treatment; the third one, and possibly the most 
challenging, is the hypothesis of harbouring a 
mutation at the time of diagnosis of breast 
cancer.

Genetic testing is becoming more frequent 
and can influence treatment decision making. 
Testing for BRCA1 and BRCA2 has been avail-
able for the last 20  years, but new sequencing 
technologies and easier patent laws have made 
multipanel testing widely available at lower 
costs. However, clinical needs for genetic testing 
may not be adequately recognized due to physi-
cian’s lack of training in identifying high-risk 
patients. Although several guidelines are avail-
able to guide in the detection of patients with a 

high probability of harbouring a mutation, it is 
important to have a simple and reproducible 
methodology to lessen the possibility of missing 
BRCA mutation carriers in the first approach of a 
newly diagnosed breast cancer patient.

In breast cancer diagnosed at young age, in 
triple negative breast cancer, in bilateral breast 
cancer and with a strong family history of breast 
and ovarian cancer, BRCA1 and BRCA2 are the 
most commonly assessed mutations. 
Identification of carriers will allow an informed 
discussion of treatment options.

In highly organized centres, the presence of a 
geneticist can be a facilitator to make the screen-
ing of those patients that can harbour a germline 
mutation and can be proposed for a genetic test-
ing. Usually the threshold for carrying on with a 
genetic test is the possibility of ≥10% of har-
bouring a mutation. Various models have been 
developed to determine the probability of BRCA1 
and BRCA2 mutations, the Myriad models, 
BRCAPRO and BOADICEA. However, they are 
not easy to use in a medical appointment as a 
screening tool.

Being aware of major family risk factors and, 
more recently, also histology-related factors 

Table 5.1 Genes, associated syndromes and lifetime risk of breast cancer

Gene Hereditary syndrome; associated cancers
Lifetime risk of 
breast cancer

Frequent mutations—highly penetrant genes
BRCA1 Hereditary Breast and Ovarian Cancer Syndrome; early-onset breast cancer, ovarian 

cancer, modest increase in male breast cancer risk
65–81%

BRCA2 Hereditary Breast and Ovarian Cancer Syndrome; early-onset/late-onset breast cancer, 
ovarian cancer, melanoma, pancreatic cancer, male breast cancer

45–85%

Rare mutations—highly penetrant genes
TP53 Li-Fraumeni syndrome; very-early-onset breast cancer, sarcoma, adrenocortical 

carcinoma, brain tumours, phyllodes tumour, others (many), ER-positive, PR-positive, 
human epidermal growth factor receptor 2-positive breast cancer

50–80%

PTEN Cowden syndrome; breast cancer, benign and malignant thyroid disease, endometrial 
cancer, colorectal cancer, macrocephaly, trichilemmomas, palmar-plantar keratoses, 
oral mucosal papillomatosis, benign breast disease; de novo mutations 11–48%

50–85%

SKT-11 Peutz-Jeghers syndrome; very-early-onset breast cancer, gastrointestinal cancer, 
pancreatic cancer, ovarian cancer, hamartomatous polyps of the gastrointestinal tract, 
oral-labial pigmentation; de novo mutation rate may be as high as 50%

35–50%

CDH1 Invasive lobular cancer, diffuse gastric cancer with signet ring cells 39–52%
Frequent mutations—moderately penetrant genes
CHEK2 Similar cancer spectrum as Li-Fraumeni syndrome but lower penetrance; male breast 

cancer
15–25%

ATM Ataxia-telangiectasia; leukaemia, lymphoma and breast cancer 15–20%
PALB2 Later-onset breast cancer, male breast cancer, pancreatic cancer 20–30%
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can help clinicians to stratify risk and more accu-
rately propose patients to genetic testing in the 
setting of a recently diagnosed or previous breast 
cancer. The Manchester Scoring System 3 (MSS) 
is an easy-to-use, clinic-friendly, paper-based 
model that compares well with other computer- 
based models and takes into account several 
pathology adjustments that further refined the 
system’s previous versions (Table 5.2) [4].

5.2.1  Diagnosis of a Breast Cancer 
in a Known Mutation Carrier

In this particular scenario, breast cancer diagno-
sis is usually made in a carrier that initially opted 
for surveillance. Those patients are usually well 
aware of the associated risks, and the attitude in 
terms of locoregional treatment is frequently 
towards a more radical surgery, comprising both 
breasts.

5.2.2  Detection of a Mutation 
Carrier Status After 
Completion of Breast  
Cancer Treatment

After a previous breast cancer treatment, the con-
firmation of a carrier status raises the question of 
further surgery in the operated breast in case of a 
unilateral cancer, previously treated with breast 
conservation, considering the possibility of a 
ipsilateral breast recurrence (IBR) and also the 
risk of a contralateral breast cancer (CBC) and 
the possibility of a prophylactic mastectomy.

5.2.3  Suspicion of a Mutation 
Carrier Status at the Time 
of Diagnosis of a New  
Breast Cancer

This is by far the most challenging of the three 
scenarios. Patients are confronted at the same 
time with two frightening news: the breast cancer 
diagnosis and the possibility of being a mutation 
carrier. Some authors argue that this particular 
moment is not the time to confront the patient 
with the possibility of being a mutation carrier. 
However, this knowledge can influence not only 
surgical decision but also systemic treatment.

Recently, several studies have demonstrated 
that genetic testing at diagnosis and before start-
ing treatment is considered positively by the 
majority of patients and does not have a negative 
psychological impact [5].

A recent report by Kurian and colleagues 
reports that the major reason for not performing 

Table 5.2 The Manchester Scoring System—MSS3 
(pathology adjustment)

Type of cancer, age at diagnosis BRCA1 BRCA2
Female breast cancer (FBC), <30 6 5
Female breast cancer (FBC), 30–39 4 4
Female breast cancer (FBC), 40–49 3 3
Female breast cancer (FBC), 50–59 2 2
Female breast cancer (FBC), >59 1 1
Male breast cancer (MBC), <60 5 8

Male breast cancer (MBC), ≥60 5 5

Ovarian cancer, <60 8 5

Ovarian cancer, ≥60 5 5

Pancreatic cancer 0 1
Prostate cancer, <60 0 2

Prostate cancer, ≥60 0 1

Breast cancer pathology adjustment in index case
Grade 3 2 0
Grade 1 −2 0

ER positive −1 0

ER negative 1 0
Triple negative 4 0
HER 2 positive (3+ or ISH) −6 0

Ductal carcinoma in situ −2 0

Lobular invasive
Ovarian cancer pathology adjustment—any case in 
family
Mucinous germ cell or borderline 
tumours

0 0

High-grade serous, <60 2 0
Adopted no known status in blood 
relatives

2 2

MSS3 is based on empirical data from the Manchester 
mutation-screening programme
Each individual and family characteristic (from one side of 
the family only) is given a numerical weight, and these are 
added to give a score for each of the two genes—BRCA1/2
The combined score of 15–19 correlates to the 10% prob-
ability of carrying a mutation and a score of 20 points to 
20% in BRCA1 or 2 (sequential screening). If analysed 
separately, 10 points in each gene correlate with a 10% 
probability for either gene
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genetic test in high-risk patients is not the fear 
patients have of harbouring a mutation and 
have to deal with the result but that the clinical 
need for testing may not be recognized by phy-
sicians [6].

The vast majority of women, who are aware of 
their mutation status before surgery, use this 
knowledge in their decision process, meaning 
more bilateral mastectomies as opposite to those 
who are not aware of their mutation and opt for a 
conservative approach [7].

One important factor to consider is the inter-
val from sample collection to the reception of 
results. It is not clear if the wait delays surgery, 
and there are not many publications confirming 
or denying this factor. However, genetic counsel-
ling and testing is evolving, and results can usu-
ally be obtained in 2–3  weeks, although this 
median time can vary between countries [8].

Usually BRCA-associated breast cancers have 
a more aggressive nature [9], and as a conse-
quence more patients will be submitted to che-
motherapy, either adjuvant or neo-adjuvant. 
When neo-adjuvant chemotherapy is decided, 
genetic test results are usually available before 
surgery, allowing for a more informed decision.

5.3  Ipsilateral and Contralateral 
Breast Cancer Risk 
and Modifying Factors

Independently of the clinical scenario at stake, it 
is important to accurately explain to BRCA 
patients the expected risks, when compared to 
sporadic breast cancer situations. It is also essen-
tial to be aware of the possible risk-modifying 
factors that can help in the choice of the optimal 
locoregional treatment.

5.3.1  Risk of Ipsilateral Breast 
Cancer Recurrence (IBR)

Although BCT in sporadic breast cancer is the 
treatment of choice, when feasible, in early breast 
cancer, it is debatable if it is also an option for 
BRCA mutation carriers. There were also con-

cerns about the harmful effect of radiotherapy 
after breast conservation in mutation carriers that 
turned out to be unconfirmed, and several studies 
support the approach of breast conservation sur-
gery with radiotherapy as a possible approach in 
this particular group of patients [10]. However, 
the fear of a higher rate of IBR is still the main 
question arising in BRCA carriers that consider 
BCT as a possible strategy.

An IBR can be either a true local recurrence or 
a new primary cancer. Most studies have not been 
able to differentiate between those, and both are 
denominated IBR.  The rate of true local recur-
rences after BCT is probably similar between 
mutation carriers and non-carriers. However, the 
rate of new primary cancers is probably higher. 
Such a difference is expected to be more evident 
after longer follow-up intervals because the 
remaining breast tissue is still susceptible to the 
mutation effect [3].

Valachis and colleagues, in a meta-analysis of 
retrospective studies, investigated the risk of IBR 
after BCT in BRCA carriers versus non-carriers, 
including 6 cohort and 4 case-control studies 
with a total of 526 carriers and 2320 controls. 
The rate of IBR was 17.3% (95% CI 11.4–24.2%) 
for BRCA carriers and 11% (95% CI 6.5–15.4%) 
for controls without a significant difference 
between both groups (RR 1.45, 95% CI 0.98–
2.14, p value = 0.07). The rate of IBR was no dif-
ferent between BRCA1 and BRCA2 carriers. 
However, if follow-up time was considered in the 
analysis, a significant higher risk for IBR in 
BRCA carriers was confirmed in studies with a 
follow-up of more than 7 years (23.7% for BRCA 
mutation carriers with 95% CI 12.1–37.8 and 
15.9% for controls with 95% CI 8.7–24.8%, RR 
1.51, 95% CI 1.15–1.98, p value = 0.003) [3].

This difference in results according to dura-
tion of follow-up seems to be explained by a 
higher risk of new primaries in BRCA carriers 
due to the continuous risk in the remaining breast 
tissue. These new cancers will arrive later than 
true recurrences that are more frequent in the first 
years after treatment. However, no overall sur-
vival difference was observed between carriers 
and controls who opted for breast conservation 
treatment.
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Few data are available comparing IBR in BCT 
with M in BRCA carriers. Published results show 
a significantly increased risk of local failure in 
BRCA1/2 mutation carriers treated with BCT 
compared to carriers treated with M; however, 
breast cancer-specific and overall survivals are 
similar.

In the study by Pierce and colleagues pub-
lished in 2010, no significant difference in breast 
cancer-specific or overall survivals was observed 
by local treatment type. Breast cancer-specific 
survivals with BCT were 93.6% and 91.7% at 10 
and 15  years vs. 93.5% and 92.8% with M 
(p  =  0.85). Overall survivals with BCT group 
were 92.1% and 87.3% at 10 and 15 years and 
91.8% and 89.8% with M (p = 0.73) [10].

The modifying risk factors for IBR after BCT 
in BRCA carriers have been thoroughly investi-
gated, and until today two factors stand out as 
protectors as demonstrated in the Valachis meta- 
analysis: adjuvant chemotherapy (RR 0.51, 95% 
CI 0.31–0.84) and ovariectomy (RR 0.42, 95% 
CI 0.22–0.81) [3]. Tamoxifen was not associated 
with a reduced risk of IBR in the meta-analysis 
although there the evidence is still conflicting and 
some authors claim that Tamoxifen is a protector 
independently of the mutation carrier status [10].

5.3.2  Risk of Contralateral Breast 
Cancer (CBC)

A BRCA mutation carrier who had breast cancer 
is at higher risk for a new primary breast cancer 
in the contralateral breast. The annual risk of con-
tralateral breast cancer for a mutation carrier is 
around 3%, compared with 0.5% in the sporadic 
breast cancer population.

In the meta-analysis by Valachis, 11 studies (7 
cohort and 4 case–control studies) presented data 
on the risk for CBC between BRCA-mutation 
carriers and non-carriers (807 carriers and 3163 
non-carriers). The rates of CBC for BRCA- 
mutation and controls were 23.7% (95% CI 
17.6–30.5%) and 6.8% (95% CI 4.2–10%), 
respectively. Patients with BRCA mutation had a 
higher risk for CBC compared with non-carriers 
(RR 3.56, 95% CI 2.50–5.08, p value <0.001) [3].

Regarding the risk of CBC in BRCA1- 
mutation versus BRCA2- mutation carriers, sev-
eral studies investigated this difference. In the 
beforementioned publication, 1532 BRCA1- 
mutation carriers were compared to 950 BRCA2- 
mutation carriers. BRCA1-mutation carriers had 
an increased risk for CBC compared to BRCA2- 
mutation carriers (21.1% for BRCA1-mutation 
carriers with 95% CI 15–28.2% and 15.1% for 
controls with 95% CI 10–21%, RR 1.42, 95% CI 
1.01–1.99, p value = 0.04) [3].

It is estimated that BRCA1- and BRCA2- 
mutation carriers have a 3.5-fold higher relative 
risk of CBC compared to non-carriers and that 
CBC risk increases up to 42% in BRCA1 com-
pared to BRCA2 carriers.

The 10-year cumulative risk of CBC in 
BRCA-mutation carriers with breast cancer var-
ies between 20 and 35% and may even further 
differ by age or menopausal status at diagnosis of 
the first breast cancer, type of treatment and other 
clinical and pathological factors of the first 
tumour in the breast.

Although it is clear that the risk of CBC is 
higher in BRCA-mutation carriers, it is not 
equally obvious if contralateral prophylactic 
mastectomy (CPM) has an impact in breast 
cancer- specific survival and overall survival. 
CPM aims at preventing CBC in carriers. 
However, until now there is no proof that it 
improves survival. Studies were small, and retro-
spective in the majority of cases and follow-up is 
rather short [3]. More recently, there has been a 
growing body of evidence of an improvement in 
survival demonstrated in longer follow-ups. 
Metcalfe et al. showed a 20-year survival rate of 
88% for women submitted to CPM versus 66% 
for those who did not even after controlling for 
associated factors [11].

There are two risk-modifying factors gener-
ally considered to be associated with a lower 
risk of CBC in BRCA mutation carriers: ovari-
ectomy and older age at diagnosis (>50 years). 
According to the study by Metcalfe et  al., the 
cumulative risk of CBC at 5, 10 and 15  years 
was 14.2%, 23.9% and 37.6% for women <50 at 
diagnosis and 8.6%, 14.7% and 16.8% for 
women >50 at diagnosis [12]. Tamoxifen can 
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also have a protective effect mostly in women 
not previously submitted to ovariectomy [10].

5.4  Type of Locoregional 
Treatment in BRCA  
Mutation Carriers

5.4.1  Breast Conservation Surgery 
and Radiotherapy

There are no specific indications other than those 
applied to non-carriers regarding surgery in 
BRCA patients.

The type of breast-conserving treatment, the 
use of oncoplastic techniques and margin width 
all should be according to the rules used in the 
treatment of sporadic breast cancer.

In case of known carriers that choose to 
undergo breast conservation, it is important to be 
aware of the need of further surgery.

If neo-adjuvant chemotherapy is the primary 
treatment, the choice between BCT or mastec-
tomy will be dependent of tumour response and 
also patient preference.

All patients submitted to breast conservation 
have a clear indication to undergo adjuvant 
radiotherapy.

If patients have an absolute contraindication 
for radiotherapy, they should be advised to 
choose a mastectomy to allow a better local con-
trol of the disease.

All BRCA carriers are excluded from partial 
breast irradiation techniques as per ASTRO and 
ESTRO guidelines.

5.4.2  Mastectomy

When mastectomy is considered for the treat-
ment of the primary cancer in a BRCA mutation 
carrier, rules should follow the general indica-
tions for non-carriers.

The choice between the type of mastec-
tomy—total mastectomy, skin-sparing or even 
nipple- sparing mastectomy—will depend on the 
safety regarding size and location of the tumour 

to the skin. Nipple-sparing mastectomy, due to 
the preservation of the complete envelope, is 
usually associated with a better aesthetic out-
come (Fig. 5.1) [13].

Several studies have demonstrated that pres-
ervation of the nipple areolar complex, in nipple- 
sparing mastectomy, is safe and with no 
additional risk of local recurrence compared to 
sporadic cases. Locoregional recurrences are 
low with reported values of 2% at 5 years fol-
low-up [13].

There is no impediment to any type of 
reconstruction, and the decision should be 
entirely dependent on patient’s choice after 
a proper discussion of pros and cons with 
the surgeon. Decision to undergo immediate 
reconstruction will depend on institutional 
indications and patients desire. In many 
institutions around the globe, adjuvant radio-
therapy is still a contraindication to undergo 
immediate reconstruction.

Regarding CPM, the most common choice is 
nipple-sparing mastectomy with immediate 
reconstruction if the patient desires to do so. 
Again in this situation the risk of leaving mam-
mary tissue behind the nipple is very small, and 
there are no studies showing, until now, that the 
risk of CBC is higher with this type of surgery.

Fig. 5.1 Bilateral Skin-Sparing Mastectomy. Therapeutic 
mastectomy with sentinel lymph node and radiotherapy 
(left) and contralateral prophylactic mastectomy (right). 
Immediate breast reconstruction with implants and 
ADM. Post-operative adjuvant radiotherapy
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5.4.3  Axillary Approach

Axillary staging and treatment in the presence of 
a breast cancer in a mutation carrier should fol-
low the same principles as in sporadic early 
breast cancer.

All clinically negative axilla should be treated 
with sentinel node biopsy.

Special care should be given to recent guide-
lines in case of axillae with a low burden of dis-
ease, like the Z011 protocol bearing in mind that 
the published study did not include BRCA- 
mutated patients [14].

If considering a CPM, there is no clear evi-
dence that sentinel lymph node biopsy will be of 
benefit [14]. Considering that the risk of associ-
ated lymphedema exists, although low, and that 
it’s around 3–4% in sentinel node biopsy, and the 
possibility of having a positive lymph node in a 
CPM is around 1%, due to a non-detected breast 
cancer at imaging, surgeons should not consider 
proposing, as routine, the sentinel node biopsy 
without a discussion of the associated risks and 
benefits [15].

5.5  Locoregional Treatment 
Options Considering 
Different Scenarios 
and Different Risk-Modifying 
Factors in BRCA-1 
and BRCA2-Mutation 
Carriers

As discussed before, there are three different sit-
uations regarding mutation status that can impact 
the choices of patients regarding locoregional 
treatment. In any of these situations, additional 
risk for IBR, CBC and possible impact in sur-
vival should be carefully discussed with patients 
and compared with identical risks in non-carriers 
(Table 5.3).

In case of a previously known mutation carrier 
status, when the breast cancer is diagnosed, usu-
ally patient’s choice is towards a more radical 
surgery, usually bilateral [7].

On the contrary, when the mutation status is 
known only after breast cancer treatment, patients 

are usually more cautious and try to understand 
better the risks and benefits of further surgery.

When breast cancer is diagnosed and at the 
same time there is a high possibility of being a 
mutation carrier, the situation is a little more 
stressful. In case of neo-adjuvant chemotherapy, 
genetic test can be done at the beginning of treat-
ment, and results are usually available for discus-
sion before surgery. In case of surgery as the first 
treatment, a complete discussion should have 
place with the patient to understand if the test 
should be undertaken before the operation with 
the consequent waiting time or if the decision of 
locoregional treatment should be done without 
knowing the result accepting the consequences of 
a positive test result after treatment.

For each of these situations, there are higher 
risk groups of BRCA-mutated patients where a 
more aggressive surgical approach may be pref-
erable always respecting individual patient’s 
preferences (Table 5.4). Discussion in a multidis-
ciplinary team is mandatory, and a case by case 
approach will lead to a more balanced choice 
using the published available evidence.

Age is by far the most important risk- 
modifying factor in IBR as there is more time to 
the development of new cancers. Younger patients 
have a higher risk of IBR and also CBC. Adjuvant 
and neo-adjuvant chemotherapy are associated 
with a 50% reduction of IBR as is ovariectomy.

Regarding CBC, there are also three factors 
associated with a decreased risk: age again with 
younger patients having higher risk of CBC, 
ovariectomy and also adjuvant Tamoxifen.

When BRCA1 patients are compared to 
BRCA2, the former ones have a higher risk of 
CBC.

Table 5.3 Differences in IBR and CBC between spo-
radic breast cancer and breast cancer in BRCA1 and 
BRCA2 mutation carriers

BRCA positive (%/
year)

BRCA negative (%/
year)

IBR 1–2% (2–4% 
>7 years)

1–2%

CBC 3% (BRCA1) 2% 
(BRCA2)

0.5%

Similar breast cancer-specific survival and overall 
survival
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Younger BRCA1 carriers with hormonal 
receptor-negative breast cancer would benefit 
more of a more aggressive approach possibly 
bilateral. By contrast, older patients with a 
BRCA2 mutation with an hormonal receptor- 
positive breast cancer could consider a more con-
servative approach and accept the smaller CBC 
risk that would be further reduced by the use of 
anti-oestrogen treatment. Prophylactic ovariec-
tomy should always be considered and adapted in 
each case according to risk and to childbearing 
plans.
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6.1  Background

More than 90% of hereditary cases of breast and 
ovarian cancer are thought to be a result of a muta-
tion in BRCA1/2 [1]. The estimated prevalence of 
BRCA1 and BRCA2 mutations is dependent on 
the population and can vary between 1  in 300 
and 1  in 800, respectively. More than 2000 dif-
ferent mutations have been identified in BRCA1/2 
genes. Founder mutations are prevalent in 2.5% 
of the general Ashkenazi Jewish population, 
specifically, mutations in BRCA1 (185delAG [= 
c.68_69delAG], 5382InsC [=c.5266dupC]) or 
BRCA2 (6174delT [=c.5946delT]) [2], and have 
also been described in Northern, Western, and 
Eastern Europe. A germline mutation in BRCA1 
or BRCA2 results in a significantly elevated life-
time risk of developing breast and ovarian cancer, 
estimated at up to 7 and 25 times (respectively) 
that of the average-risk population [3–6], depend-
ing on the population studied, while a mutation 
in BRCA2 has been demonstrated in multiple 

studies to be associated with an increased risk 
in prostate cancer, melanoma, and pancreatic 
cancer [7]. Women with a germline mutation in 
BRCA1 and BRCA2 typically present with breast 
cancer at a younger age, particularly those har-
boring a BRCA1 mutation [6]. In a contemporary 
cohort, the cumulative risk by age 40 for devel-
oping breast cancer was 24% for BRCA1 carriers 
and 13% for BRCA2 carriers [6].

Genetic susceptibility to breast cancer has 
also been associated with mutations in other 
genes, some of which are associated with known 
hereditary cancer syndromes, such as p53, PTEN, 
CDH1, STK11, PALB2, CHEK2, ATM, NBN, and 
NF-1 [8].

A recent study demonstrated that 87% of 
young women (≤40) will have completed genetic 
testing by 1 year from their breast cancer diag-
nosis, and the percentage of those who had been 
tested within a year of diagnosis was highest in 
the most contemporary cohorts [9]. In this study 
81% of women had in fact received their results 
within 3  months of diagnosis, and while many 
reported that the results impacted their surgi-
cal choices, the results of the genetic testing did 
not have a significant impact on these women’s 
choices of systemic therapies. Undoubtedly, as 
research in the field of systemic therapies for 
women with hereditary breast cancer evolves, the 
therapeutic impact of genetic testing will grow.
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6.2  BRCA-Associated  
Breast Cancer

6.2.1  Role of BRCA1 and BRCA2 
in DNA Repair

BRCA1 and BRCA2 are tumor suppressor genes 
that encode very large nuclear proteins and are 
widely expressed in proliferating cells of vari-
ous normal tissues. The two genes reside on 
different chromosomes and have no homology 
in nucleotide sequence or in protein functional 
domains. However, both play an essential role 
in preserving genomic stability during cell divi-
sion as it was shown earlier that BRCA1 [10] and 
BRCA2 [11] deficiency leads to accumulation of 
chromosomal aberrations which may result in 
carcinogenesis. Genome integrity is repeatedly 
interfered throughout the cell’s life span, either 
during DNA replication and cell division or in 
response to endogenous or exogenous genotoxic 
stress. Consequently, cellular mechanisms of 
DNA damage response (DDR) are activated to 
allow DNA repair and prevent transmission of 
genetic errors to the daughter cells. Both BRCA1 
and BRCA2 are involved in DDR [12], primar-
ily by taking part in homologous recombination 
(HR), an error-free DNA repair mechanism of 
double- strand breaks in DNA [13–15]. Whereas 
BRCA2 binds directly to DNA breaks and recruits 
the recombinase RAD51 [16, 17], BRCA1 forms 
complexes with other key components of the HR 
machinery including PALB2 (partner and local-
izer of BRCA2), BRCA2, and RAD51 [18–20]. 
Consequently, lack of either of these genes leads 
to loss of DNA damage-induced formation of 
RAD51 foci and impaired HR, which further 
activates alternative error-prone repair mecha-
nisms, resulting in aberrations in chromosomal 
structure and number and genomic instability 
[21–23]. In addition to HR, BRCA1 is involved 
in multiple DDR protein complexes that activate 
cell cycle checkpoints and attenuate S phase or 
mitosis entry, thus extending the time window for 
DNA repair.

While germline heterozygosity for BRCA 
mutations is enough for relative tissue-specific 

cancer predisposition, cancers that arise in muta-
tion carriers usually lose the second BRCA allele 
during tumor progression. Loss of heterozygos-
ity (LOH) is the most common second hit for 
inactivation of the BRCA tumor suppressor genes 
and more than 90% of BRCA1 and BRCA2 carci-
nomas have LOH of the non-mutated allele [24]. 
Moreover, LOH of the wild-type BRCA allele 
has been found in peri-tumoral non-neoplastic 
tissues and in situ lesions, suggesting that LOH 
is an early event in BRCA-associated carcino-
genesis [25]. The way in which germline hetero-
zygous mutations in BRCA predispose humans 
to cancer remains poorly understood. Although 
heterozygosity of BRCA may engender a low but 
significant rate of chromosomal instability [26], 
it is the loss of the second allele that appears to 
trigger an inflection in the rate of genetic altera-
tion. Nevertheless, the presence of broken or 
aneuploid chromosomes usually triggers cell 
cycle arrest and apoptosis. Hence, knockout 
of both BRCA alleles caused early embryonal 
lethality in mice [27, 28], and in humans no 
individuals were described that carry homo-
zygous biallelic deleterious mutations in these 
genes, although compound germline heterozy-
gosity for concomitant BRCA1 and BRCA2 has 
been reported [29, 30]. Clearly, on top of BRCA 
deficiency, additional alterations in cell cycle 
checkpoints or apoptotic pathways are required 
to escape death signals and promote carcinogen-
esis [22]. In accordance with this hypothesis is 
the high frequency of p53 mutations detected in 
BRCA-deficient cancers [31, 32]. Another unan-
swered question is that of tissue specificity, why 
germline mutations in BRCA predispose to can-
cer primarily in the breast and ovary rather than 
in other organs [12, 14, 33]. It is possible that 
tissue-specific epigenetic and genetic alterations 
as well as local factors such as hormones may 
synergize with BRCA deficiency to support car-
cinogenesis [34]. For example, BRCA-deficient 
tumors may arise in tissues that support the pro-
longed survival of cells that have inactivated 
both BRCA alleles, providing a window in which 
additional mutations necessary for outgrowth 
can occur [35]. Interestingly, recent data suggest 
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that increased genomic instability and impaired 
DNA damage repair may be observed in BRCA1-
haplo-insufficient human mammary epithelial 
cells but not in human mammary fibroblasts 
prior to the loss of the second BRCA1 allele [36].

6.2.2  Phenotype of BRCA- 
Associated Breast Cancer

Hereditary breast cancers in carriers of BRCA1 
and BRCA2 mutations have distinct clinico- 
pathological features as compared to sporadic 
breast cancers [22, 37, 38]. BRCA1-related can-
cers are usually high-grade, invasive ductal car-
cinomas with a higher incidence of medullary 
carcinoma histological subtype, lymphocytic 
infiltration, foci of necrosis, and pushing mar-
gins. Between 60% and 90% of BRCA1 tumors 
are estrogen receptor negative and fall into the 
“basal-like” subgroup of breast cancers [38–41], 
although it was suggested that they actually arise 
from luminal progenitors rather than from basal 
progenitor cells [42–44]. In addition, BRCA1- 
associated breast cancers have higher incidence of 
p53 mutations [31, 32], lack of PTEN expression 
[45], c-myc amplification, and EGFR expression 
[22]. In contrast, tumors arising in BRCA2 muta-
tion carriers do not differ from sporadic tumors 
with regard to ER and PR expression, and ER 
positivity was reported in the majority of these 
tumors [38, 39]. It has been suggested that HER2 
over-expression is uncommon in BRCA1 and 
BRCA2 carcinomas, with reported frequencies 
ranging from 0 to 3.7% [39, 46]. However, in their 
comprehensive report of 3797 BRCA1-associated 
and 2392 BRCA2- associated breast cancers, Her2 
positivity was reported in 10% and 13%, respec-
tively [38]. Both BRCA1- and BRCA2-associated 
tumors tend to be of high grade. Thus 77% and 
50% of the tumors, respectively, were classified 
grade III in the CIMBA report [38]. Accordingly, 
it has been reported that ER-positive tumors of 
BRCA1 and BRCA2 mutation carriers score sig-
nificantly higher Oncotype Dx RS as compared 
to ER-positive tumors in non-carriers, suggesting 
more aggressive phenotype [47, 48].

6.2.3  Prognosis of BRCA-Associated 
Breast Cancer

Several studies have focused on prognosis and 
outcome of BRCA-associated breast cancers as 
compared with sporadic tumors. Most recent 
larger studies where patients were subjected to 
modern chemotherapy and hormonal therapies 
found similar disease outcome in BRCA mutation 
carriers and non-carriers. Goodwin et  al. com-
pared breast cancer recurrence and death of 94 
patients with BRCA1 mutations, 72 with BRCA2 
mutations, and 1550 with sporadic breast can-
cer. The outcome of BRCA1 mutation carriers 
did not differ significantly from the outcome of 
the sporadic tumors group or from the outcome 
of sporadic TNBC.  For BRCA2 mutation carri-
ers, worse outcome was suggested by univariate 
analysis. However, this difference disappeared 
after adjustment for patient and tumor charac-
teristics and for the administration of adjuvant 
chemotherapy. Interestingly, worse outcome 
was observed in BRCA2 mutation carriers when 
adjuvant hormonal therapy was administered, 
likely reflecting more aggressive characteristics 
of BRCA2-mutated tumors [49]. A retrospec-
tive study by Rennert et al. reported no adverse 
effect on outcome by the presence of BRCA1/2 
mutations in 128 mutation carriers compared 
with 1189 non-carriers [50]. A number of stud-
ies reported similar results [51–56]. However, 
few studies reported worse breast cancer out-
come in BRCA mutation carriers, especially with 
mutations in BRCA1 [57–59], and differential 
response of BRCA-mutated tumors to certain 
chemotherapy drugs had been proposed [60, 
61]. Several meta-analyses have been published 
regarding breast cancer survival of BRCA1/2 
mutation carriers [62–65]. Zhong et  al. found 
that BRCA1 mutation carriers had worse OS 
(HR 1.50, 95%CI 1.11–2.04) but not PFS com-
pared to non-carriers. In their analysis a BRCA2 
mutation was not associated with breast cancer 
prognosis. Van den Broek et  al. concluded that 
current evidence does not support worse breast 
cancer survival of BRCA1/2 mutation carriers in 
the adjuvant setting and that any differences if at 
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all are likely to be small. The largest and most 
recent  meta- analysis that involved 105,220 breast 
cancer patients, including 3588 (3.4%) carriers of 
BRCA mutations, concluded that BRCA1 carriers 
had worse OS compared to sporadic non-carrier 
breast cancer patients. However, when carrier 
patients with triple-negative breast cancers were 
compared to non-carriers with triple-negative 
cancers only, the difference in OS was no lon-
ger apparent. This meta-analysis also found that 
BRCA1 carriers with early-stage non-metastatic 
breast cancer had worse OS and breast cancer- 
specific survival (BCSS) as compared to non- 
carrier patients and that BRCA2 carriers also 
had worse BCSS than non-carrier breast cancer 
patients [65].

Given these data we conclude that when 
adjusted for tumor phenotype and treatment, the 
current evidence does not support significant dif-
ferences in the outcome of breast cancers in BRCA 
mutation carriers compared to non-carriers.

6.3  Systemic Therapies 
and Treatment Response 
for BRCA-Associated  
Breast Cancer

6.3.1  Chemotherapy

Preclinical models demonstrated that BRCA 
mutant cells were more sensitive to chemothera-
peutic agents that cause double-strand breaks in 
DNA, such as platinum compounds, anthracy-
clines, and alkylators [66–69]. Numerous ret-
rospective studies suggested differing clinical 
responses of BRCA1/2-mutated breast cancers to 
different chemotherapy drugs [60, 61, 70], specif-
ically, that BRCA1-deficient tumors may be more 
responsive to platinum compounds [71, 72] and 
less responsive to taxanes and CMF (cyclophos-
phamide/methotrexate/fluorouracil) [70, 73–75].

Numerous retrospective studies of neo- 
adjuvant therapy have demonstrated that 
BRCA1/2-associated breast cancers have higher 
pathological complete response (pCR) rates 
to neo-adjuvant therapy compared with non- 
carriers. Byrski et al. reported pCR rate as high 

as 83% (10/12) in BRCA1 carriers who received 
neo-adjuvant cis-platinum [71, 74]. In addition, 
lower response rates to neo-adjuvant CMF or AT 
(doxorubicin/docetaxel) were noted in BRCA1 
mutation carriers in these studies [71]. Another 
neo-adjuvant study from MD Anderson reported 
superiority of anthracycline- and taxane- 
containing regimens in BRCA1-mutated breast 
cancers. Thus, 26 of 57 BRCA1 carriers (46%) 
achieved a pCR, compared to 3 of 23 BRCA2 
carriers (13%) and 53 of 237 BRCA non-carri-
ers (22%) (P  =  0.0008). Interestingly, BRCA1 
status predicted pCR independent of ER nega-
tivity, suggesting that it is not simply the asso-
ciation of BRCA1 mutations with a particular 
intrinsic subtype that explains the sensitivity of 
these cancers to chemotherapy [55]. One study 
reported low pCR rate in only 3 of 29 (10%) 
BRCA2-mutated breast cancer patients compared 
to 13 of 67 (19%) sporadic ER-positive patients 
and suggested that these patients are less respon-
sive to neo-adjuvant chemotherapy [76]. Notably 
these studies included diverse molecular sub-
types and treatment regimens, and the number of 
BRCA mutation carriers was limited, n = 44 [74], 
n = 102 [71], and n = 80 [55]. A study on TNBC 
in which all patients received dose-dense AC-T 
demonstrated a significantly higher pCR among 
BRCA1 carriers; however, unlike the non-BRCA 
cases who had an excellent outcome if a pCR was 
achieved, those with a BRCA1 mutation and a 
pCR did not have superior outcome to those with 
residual disease and a BRCA1 mutation, suggest-
ing that, despite greater chemo-sensitivity among 
BRCA1 carriers, this did not necessarily translate 
into a survival benefit [77].

In some of the clinical studies, BRCA1- 
mutated cancers were grouped with sporadic 
TNBC.  In addition to the phenotypic similari-
ties between them, it was shown that TNBC have 
reduced function of BRCA proteins (often termed 
“BRCAness”) [22]. Several mechanisms were 
reported to inhibit BRCA1 in TNBC, includ-
ing methylation of the BRCA1 promoter [78], 
low BRCA1 mRNA expression, and high levels 
of ID4, a negative regulator of BRCA1 [79]. It 
was also shown that TNBC were associated 
with defective DNA repair pathways [80, 81]. 
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Whether sporadic tumors with reduced BRCA1 
expression behave in the same way as BRCA1-
mutated tumors remains unresolved. Numerous 
studies have demonstrated that the presence of 
a germline BRCA mutation, somatic BRCA defi-
ciency, or tumors with significant homologous 
recombination deficiency (HRD) or genomic 
instability have greater sensitivity to platinum 
agents [82–85].

The favorable response of BRCA-mutated and 
triple-negative breast cancers to platinum was 
demonstrated in the prospective neo-adjuvant 
study by Silver et  al. [86]. The CALGB 40603 
(Alliance) trial was a phase II study that random-
ized patients with stage II–III TNBC in a 2 × 2 
factorial design to test the addition of either 
carboplatin or bevacizumab or both to standard 
neo- adjuvant chemotherapy of weekly paclitaxel 
×12 followed by four cycles of dose-dense AC. In 
this study 23% of the patients were<40  years. 
The addition of carboplatin to weekly paclitaxel 
increased pCR in the breast and axilla to 54% as 
compared to 41%, P = 0.0029. A further update 
presented at SABCS in 2015 failed to demon-
strate a survival advantage for the addition of 
carboplatin but the trial was underpowered to 
do so. However, no data was presented as to the 
proportion of patients harboring BRCA1/2 muta-
tions. The GeparSixto was also a phase II study 
that randomized patients with stage II–III TNBC 
to receive neo-adjuvant therapy with paclitaxel 
and non-pegylated liposomal doxorubicin with 
or without carboplatin or bevacizumab or both. 
In this study 23% of the patients were<40 years 
and 17.2% harbored a BRCA1/2 mutation. The 
pCR in the non-carboplatin arm for those with 
a BRCA1/2 mutation was 66.7% compared with 
36.4% in the non-BRCA patients. The addition of 
carboplatin increased the pCR in the non-BRCA 
patients to 55% but did not increase the pCR in 
the BRCA-mutated patients. The addition of car-
boplatin only improved the DFS in the patients 
that did not have a BRCA mutation [87, 88]. It is 
worth noting that in this study the chemotherapy 
protocol did not include an alkylating agent.

Notably, definitive evidence for survival 
advantage from adding platinum to standard 
treatment is still lacking [60, 89].

In the metastatic setting, the TNT study, 
presented by Tutt et  al., demonstrated superior 
response rate for women with metastatic TNBC 
and a BRCA1/2 mutation compared to those with-
out a mutation and an improved progression- free 
survival among the BRCA carriers that received 
carboplatin compared to the non- carriers. Of 
note, in this study the Myriad HRD score did not 
predict for platinum sensitivity.

A retrospective French study evaluated out-
come for women with MBC and a BRCA muta-
tion who received high-dose chemotherapy and 
autologous stem cell transplantation between 
2003 and 2012. The study included 235 patients 
of whom only 15 (6.4%) had a BRCA mutation. 
On multivariate analysis patients without a BRCA 
mutation had a worse prognosis with an HR of 
3.08 (96%CI 1.1–8.6) compared to those with a 
BRCA mutation [90].

6.3.2  Hormonal Therapy

One study demonstrated that androgen receptor 
(AR) expression was present overall in 30% of 
BRCA1-associated tumors and 78% of BRCA2- 
associated tumors (as compared with 76% of 
non-BRCA-associated tumors). Specifically, 
in the case of triple-negative tumors, 16% of 
BRCA1-associated tumors had AR expres-
sion as compared to 50% of BRCA2-associated 
tumors (and as compared to 0% of non-BRCA- 
associated tumors) [91]. This would suggest that 
further study of anti-androgen therapies is war-
ranted in this group of patients.

6.3.3  PARP Inhibitors

Poly(ADP-ribose) polymerase-1 (PARP-1) plays 
a key role in the repair of DNA single-strand 
breaks through base excision repair. The inhi-
bition of PARP-1 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 
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BRCA are exposed to PARP-1 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 path-
ways that are each dispensable when inactivated 
solely is a concept known as “synthetic lethality.” 
Since the normal cells of BRCA-mutated 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 [92]. Long-term effects of 
PARP inhibitors are not yet known, and concern 
exists about future risk of second malignancies, 
such as leukemia, induced by PARP inhibitors.

6.3.3.1  Olaparib
Olaparib is an orally available PARP inhibitor 
and was the first FDA-approved PARP inhibi-
tor both for germline BRCA-mutated advanced 
ovarian cancer and advanced breast cancer. The 
pivotal trial assessing PARP inhibitors in a study 
population enriched for BRCA mutation carriers 
was published by Fong et al. [93]. This phase I 
trial of 60 patients, 22 of whom harbored known 
BRCA mutations, established the maximum tol-
erated dose (MTD) of olaparib at 400 mg twice 
daily. The most common reported side effects 
were grade 1–2 fatigue and mild gastrointestinal 
complaints and there was minimal hematological 
toxicity. Evidence of sustained antitumor activ-
ity was limited to patients with BRCA-associated 
cancers, of whom 63% experienced clinical ben-
efit. A proof-of-concept study evaluating olaparib 
in BRCA-associated advanced breast cancer was 
next published by Tutt et al. [94]. This was a phase 
II multicenter, multi-national study assessing two 
dosing schedules of olaparib: 100 mg or 400 mg 
twice daily. The study included 54 women who 
had received a median of three previous chemo-
therapy regimens. The objective response rate 
(ORR) was 41% (11/27) in the cohort receiving 
400 mg twice daily and 22% (6/27) in the cohort 
on the lower dosing schedule. Stable disease was 
achieved in 44% of both cohorts. Most toxicities 
were low grade, the most common being fatigue, 
nausea, vomiting, and anemia. Further phase 

II studies supported activity of olaparib among 
women with advanced breast cancer and a germ-
line BRCA mutation [95, 96]. The first phase 
III study of olaparib for advanced breast cancer 
was published in 2017. In the study by Robson 
et  al., women were randomized 2:1 to receive 
either olaparib 300 mg twice daily or treatment 
of physician’s choice (eribulin, capecitabine, or 
vinorelbine); in this study patients had received 
prior anthracycline and taxane, those that were 
HR+ had progressed on at least one line of 
endocrine therapy, and patients had not relapsed 
within 12 months of neo- adjuvant platinum ther-
apy or progressed during platinum therapy in the 
advanced setting. Two hundred and five women 
received olaparib and 97 received standard ther-
apy. Median age was 44  years (range 22–76). 
The olaparib arm had superior response rate, 
progression-free survival, and toxicity profile to 
the standard therapy arm, with a response rate of 
59.9% compared with 28.8% and a median PFS 
of 7 months compared to 4.2 months (HR 0.58, 
96%CI 0.43–0.8). Subgroup analyses suggested 
benefit was most significant among those with 
triple-negative disease and those with no previ-
ous platinum exposure.

Phase I studies combining olaparib with other 
chemotherapeutic agents (paclitaxel, cisplatin, 
and carboplatin) [97–99] have been published 
with promising results and are being further 
explored in a phase II setting. Results have also 
been published for a phase I study of olaparib 
with the PI3K inhibitor, BKM120 [100]. There 
are ongoing phase II studies evaluating these com-
binations and ongoing studies evaluating the com-
bination with the anti-programmed death ligand-1 
antibody durvalumab, pembrolizumab, the oral 
PI3kinase inhibitor BYL719, the oral mTORC1/2 
inhibitor AZD2014 or the oral AKT inhibitor 
AZD5363, and the VEGF inhibitor, cediranib.

Olaparib is being evaluated in the neo- 
adjuvant setting in combination with chemo-
therapy. OLYMPIA is an international phase III 
randomized, placebo blinded study evaluating 
adjuvant olaparib in BRCA1/2 mutation carriers 
with triple- negative breast cancer or high-risk 
endocrine- responsive breast cancer after com-
pletion of standard adjuvant chemotherapy and 
radiotherapy, aiming to recruit 1320 patients.
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6.3.3.2  Veliparib
Veliparib (ABT-888) is a potent orally available 
inhibitor of PARP-1 and PARP-2. The com-
mon side effects include nausea, fatigue, and 
pancytopenia.

In a phase I study combining veliparib with 
doxorubicin and cyclophosphamide, partial 
responses were seen exclusively in the 3/5 
included BRCA1/2 carriers, with no partial 
responses in the non-carriers [101]. In a trial 
combining veliparib with carboplatin in 22 
patients with BRCA-associated metastatic breast 
cancer, overall response rate was demonstrated in 
67% of patients [102]. In a phase II trial assessing 
veliparib and temozolomide in 41 patients with 
metastatic breast cancer by Isakoff et  al. [103], 
clinical activity was seen exclusively among the 
eight BRCA1/2 mutation carriers.

Phase I/II studies have been published or are 
ongoing evaluating combinations of veliparib 
with different chemotherapeutic agents including 
irinotecan, mitomycin, vinorelbine, metronomic 
cyclophosphamide, cisplatin, gemcitabine, erib-
ulin, liposomal doxorubicin, carboplatin, and 
paclitaxel. Specifically, the results of the phase 
II BROCADE study were presented at the San 
Antonio Breast Cancer Symposium (2016)—the 
study randomized patients to taxol and carbopla-
tin with or without veliparib. The study initially 
had a study arm combining temozolomide and 
veliparib but this arm was ceased following a 
futility evaluation. The overall response rate was 
77.8% compared to 61.3% (p = 0.027) favoring 
the veliparib-containing arm. There was a trend to 
improved PFS and OS that did not reach statisti-
cal significance favoring the veliparib- containing 
arm. The addition of veliparib did not increase 
the toxicity of the chemotherapy. The combina-
tion is being further evaluated in the phase III 
BROCADE 3 study.

Veliparib is being evaluated in combination 
with carboplatin in the I-SPY 2 neo-adjuvant 
trial, an adaptive phase II study. In this study 
BRCA1/2 mutation carriers with TN subtype 
were significantly more likely to achieve a 
pCR than non-BRCA TN, with a predicted pCR 
of 75% compared with 29% [104], and gene 
expression- like signature profiling that distin-
guished between BRCA1ness and non-BRCA1- 

like signatures indicated greater response to the 
combination for the BRCA1ness [105].

Veliparib is also being evaluated in combina-
tion with the anti-programmed death ligand-1 
antibody atezolizumab.

6.3.3.3  Rucaparib
Rucaparib is a potent PARP inhibitor available 
in both intravenous (IV) and oral formulation. 
Most common side effects include hematogical 
toxicity, nausea, vomiting, fatigue, and diarrhea. 
A phase II study evaluating rucaparib in BRCA 
mutation carriers with advanced ovarian and 
breast cancer included two cohorts—one with 
intermittent IV dosing and one with continuous 
oral dosing. The study included 23 women with 
advanced breast cancer; the best response was 
stable disease at 44% (n = 8) on the IV dosing, 
and there were no responses in the five patients 
on the oral dosing [106]. Rucaparib has been 
evaluated in the phase I setting in combination 
with various chemotherapy regimens [107].

There are currently no trials evaluating ruca-
parib in a phase III setting in breast cancer.

6.3.3.4  Niraparib
Niraparib (MK-4827) is an orally available PARP 
inhibitor. A phase I study evaluating niraparib 
in solid organ tumors included 12 patients with 
advanced breast cancer. Common side effects 
included hematological toxicity, fatigue, head-
ache, abdominal pain, nausea and vomiting, and 
anorexia. Two of the four patients with a BRCA 
mutation who had breast cancer had a partial 
response to treatment [108]. Phase III study 
results of the BRAVO trial comparing niraparib 
to physician’s choice of chemotherapy in BRCA- 
positive advanced breast cancer are awaited.

6.3.3.5  Talazoparib
Talazoparib is considered one of the most potent 
PARP inhibitors. A phase I study demonstrated a 
50% response rate among BRCA mutation carri-
ers with advanced breast cancer [109]. Common 
side effects included hematological toxicity, 
nausea, fatigue, and diarrhea. Results from the 
phase II ABRAZO study presented by Turner 
et al. were presented at the 2017 annual meeting 
of the American Society of Clinical Oncology. 
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The trial evaluated two cohorts—platinum naive 
and platinum exposed. Talazoparib demonstrated 
impressive response rates in both cohorts, among 
both BRCA1 and BRCA2 carriers and among 
both triple- negative and endocrine-responsive 
subtypes. There are ongoing studies evaluating 
talazoparib in the neo-adjuvant setting, in com-
bination with chemotherapy in metastatic TN 
breast cancer and in combination with avelumab 
in solid organ tumors. Results from the phase III 
EMBRACA study comparing talazoparib and 
chemotherapy are awaited.

6.3.4  Future Directions

Resistance to PARP inhibitors is an area of ongo-
ing research and is already being addressed in 
combination therapy clinical trial design. Some 
of the described resistance mechanisms include 
up-regulation of multi-drug resistance efflux 
pumps and somatic mutations of TP53BP1 which 
can result in partial restoration of HR and rever-
sion of BRCA mutation and restoration of BRCA 
function [110–112]. The specific mechanisms 
characteristic in BRCA-associated breast cancer 
are yet to be elucidated and characterized.

6.3.4.1  Immunotherapy
As the presence of a BRCA mutation leads to 
genetic instability leading to increased number 
of mutations, it has been hypothesized that this 
would translate into translating into more neo- 
antigens and that this could translate into greater 
susceptibility to immunotherapy regimens. 
Additionally, BRCA1/2-associated tumors are 
often characterized by lymphocytic infiltration, 
and there is emerging data correlating response 
rate to immunotherapy with level of tumor- 
infiltrating lymphocytes. There are several ongo-
ing studies evaluating the combination of PARP 
inhibitors with immunotherapeutic agents.

6.3.4.2  Novel Agents
Trabectedin is a novel marine-derived agent 
thought to have anti-neoplastic activity in cells 
with deficient DNA damage repair pathways 
and has been shown to have promising activity 

in phase II studies in BRCA-deficient metastatic 
breast cancer [113, 114] with an overall response 
rate of 17% in heavily pre-treated patients and 
33% among the BRCA2 carriers.

Lurbinectedin is a novel agent that, among 
other anti-neoplastic activities, induces double- 
strand DNA breaks and had been observed to 
have activity against homologous recombination- 
deficient cell lines. Encouraging phase II results 
were presented at the ESMO annual meeting in 
2016 in BRCA1/2-deficient advanced breast can-
cer with an overall response rate of 44% in heav-
ily pre-treated patients [115].

Sacituzumab govitecan (IMMU-132) is an 
anti-Trop-2-SN-38 antibody-drug conjugate 
that has topoisomerase I (Topo I) inhibitory 
activity. Pre-clinical activity in combination 
with PARP inhibitors in TNBC (including both 
BRCA- associated and non-BRCA breast cancers) 
suggests the combination successfully exploits 
synthetic lethality [116].

AZD6738 is an ATR inhibitor being evalu-
ated in combination with a PARP inhibitor that is 
thought to help overcome PARP inhibitor resis-
tance mechanisms.

There is data to suggest that c-met inhibitors 
in combination with PARP inhibitors may help 
overcome PARP inhibitor resistance [117].

In pre-clinical models G-quadruplex- 
interacting compounds have been found to be 
toxic to BRCA1- and BRCA2-deficient cells, and 
olaparib-resistant BRCA-deficient cells were 
found to be sensitive to these compounds and as 
such they are of interest for clinical studies [118].

6.4  Systemic Considerations 
for Other Hereditary 
Syndrome-Associated  
Breast Cancers

6.4.1  Introduction

The prevalence of a germline mutation (other 
than BRCA1/2) associated with increased 
risk of breast cancer was found to be 4.4% in 
women ≤45 in one study on a sequential group 
of patients referred for genetic testing [119] and 
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similar prevalence seen in another series[120]. 
The other moderate- to high-risk penetrance 
genes with an established associated risk for 
breast cancer are p53, PTEN, CDH1, STK11, 
PALB2, CHEK2, ATM, NBN, and NF-1 [8]. 
As next-generation multi-gene panels become 
more available and affordable, more patients are 
likely to undergo testing for genes other than 
BRCA1/2; however, the clinical implications 
for screening, prevention, and treatment for 
breast cancer resulting from these other moder-
ate- to high-risk penetrance mutations are not 
well established, are still evolving, and are the 
subject of ongoing research.

6.4.2  Systemic Therapy 
Considerations

6.4.2.1  p53 Mutation (Li-Fraumeni 
Syndrome)

p53 is a critical tumor suppressor gene and a 
germline mutation in p53 is associated with a 
high risk of malignancy. One study estimated 
that the prevalence of a germline p53 mutation 
among women with early-onset breast cancer and 
no family history was 5–8% [121]. Studies have 
suggested that patients with germline mutations 
in p53 are less susceptible to DNA-damaging 
cytotoxic agents [122, 123].

Novel therapeutic approaches may include 
MK-8776, a novel chk-1 kinase inhibitor found to 
radio-sensitize p53-deficient cancer cells [124], 
and MK-1775, a Wee1-kinase inhibitor found to 
sensitize p53-deficient cells to DNA- damaging 
agents [125].

6.4.2.2  PTEN Mutation (Cowden 
Syndrome)

PTEN is a tumor suppressor gene involved in the 
PI3K/AKT/mTOR pathway—targeting upstream 
components of the pathway including PI3K/
AKT/mTOR may provide a therapeutic opportu-
nity in these patients. A phase I/II study evaluat-
ing a PI3K inhibitor, BGT226, in patients with 
advanced malignancy including advanced breast 
cancer aimed to enrich the population for patients 
with Cowden syndrome; however, no reference 

was made to patients with Cowden syndrome in 
the subsequent publication [126].

6.4.2.3  PALB2 Mutation
PALB2 encodes a protein that is an important 
partner and localizer for BRCA2 [127]. The pres-
ence of a germline PALB2 mutation may be a 
consideration for trying therapies targeting syn-
thetic lethality, and in fact it is thought the cells 
with LOH for PALB2 may also have increased 
sensitivity to PARP inhibition. There are sev-
eral trials currently recruiting evaluating PARP 
inhibitors in patients with solid organ tumors and 
a PALB2 mutation.

6.4.2.4  CHEK2, ATM, and NBN 
Mutations

The cumulative lifetime risk of breast cancer 
before age 40 in the presence of a CHEK2 muta-
tion is less than 2% [128] and less than 1% in 
the presence of a germline mutation in ATM/
NBN. CHEK2, ATM, and NBN are all involved in 
DNA repair pathways. Subsequently, treatment 
of advanced solid organ tumors in the presence 
of these mutations with PARP inhibitors is cur-
rently underway.

6.4.2.5  CDH1 Mutation
In cell lines with a CDH1 germline mutation 
or E-cadherin impairment, there is preclinical 
data suggesting resistance to taxanes, aberrant 
Notch-1 activation, Bcl-2 over-expression, and 
abnormal activation of the EFGR-signaling path-
way [129–131]. Each of these could potentially 
have therapeutic impact; however, at present 
there is no robust clinical data to indicate how 
these biological characteristics may impact clini-
cal management.

6.4.2.6  STK11 Mutation (Peutz-Jeghers 
Syndrome)

Peutz-Jeghers syndrome (PJS) is an autosomal 
dominant syndrome in which patients have a 
germline mutation in STK11. These patients have 
a high risk for developing a malignancy, particu-
larly gastric cancer and breast cancer, with an 8% 
risk of developing breast cancer by age 40[132]. 
The mutation in STK11 (or LKB1) results in 
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aberrant mTOR pathway signaling. Studies aim-
ing to target the mTOR pathway and evaluating 
everolimus in patients with PJS with advanced 
malignancies or polyposis were withdrawn and 
closed due to low enrollment.

6.5  Conclusions

Germline mutations in cancer predisposition 
genes are more common among young women 
with breast cancer; specifically, the presence of a 
germline BRCA1/2 mutation is the most common 
germline mutation in women under the age of 40 
and has therapeutic implications on the choice 
of systemic therapies, particularly in advanced 
breast cancer. Consequently, genetic testing 
should be encouraged soon after diagnosis in 
young women with breast cancer. Moderate- 
penetrance cancer susceptibility genes contribute 
to a very small percentage of early-onset breast 
cancers, while higher-penetrance cancer suscep-
tibility genes are exceedingly rare. The therapeu-
tic impact of a germline mutation in other cancer 
predisposition genes is still being researched.
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7.1  Overview

7.1.1  Background

Historically, breast cancer in young women had 
poorer prognosis, higher risk of locoregional 
recurrence (LRR) and greater likelihood of under-
lying genetic mutations than breast cancer in the 
older counterpart. The more aggressive tumour 
biology has often paralleled a more aggressive 
surgical treatment even though this does not nec-
essarily equate better oncologic outcomes.

The randomized controlled Milano I trial 
comparing quadrantectomy versus radical mas-
tectomy found almost four times the rate of local 
recurrence (LR) in women younger than 45 years 
compared with older women in the breast con-
servation group, but this did not translate into 
a difference in breast cancer-specific survival 
(26.1% vs. 24.3%, p  =  0.8) or overall survival 
(OS) (41.7% vs. 41.2%, p = 1) between the two 
groups after 20-year follow-up [1]. The pooled 

analysis of data from two large randomized tri-
als, European Organization for Research and 
Treatment of Cancer (EORTC) and the Danish 
Breast Cancer Cooperative Group (DBCG) trials, 
found that women younger than 35  years who 
underwent breast-conserving surgery had 9.24 
times the risk of LR compared with women older 
than 60 years with a 10-year actuarial LR rate of 
35% versus 7% in mastectomy patients, but no 
difference in LRR free survival or OS was found 
[2]. These findings have been confirmed by a 
more recent meta-analysis of over 22,000 women 
aged 40 or less evaluating five population-based 
cohorts [3–7] and the same pooled analysis from 
the EORTC/DBCG [2] and concluding that 
mastectomy was not associated to an improved 
OS and distant-disease free-survival compared 
to breast-conserving surgery plus radiotherapy 
(BCT) [8].

To date, literature provides strong evidence 
that the surgical type does not affect survival 
and distant-disease occurrence in young breast 
cancer patients as well as in older ones. This is 
consistent with previous RCTs [1, 9–13] compar-
ing mastectomy with BCT in the breast cancer 
population as a whole, indicating that the surgical 
choice for younger women should use accepted 
criteria without impacting outcome [14, 15].

However, the effect of the type of surgery 
on LRR in young breast cancer patients is still 
highly debated. Most of the studies reviewed by 
Vila et  al. [8] found that BCT was associated 
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with a higher rate of LR and LRR when com-
pared with mastectomy [9, 16, 17], but in a sub-
set analysis of 101 patients <35 years with stage 
I breast cancer, no significant difference was 
observed in the 10-year LRR rate (18% BCT vs. 
19.8%  mastectomy), distant metastasis and OS 
[18]. In particular, the study by van der Sangen 
et  al. [5], also included in the meta-analysis, 
evaluated a large cohort of 1451 patients aged 
≤40 years from the Eindhoven-Cancer Registry 
who underwent breast cancer surgery from 1988 
to 2005 reporting a worse local control after BCT 
with a linearly increasing cumulative risk of 
developing a local relapse even after more than 
15 years of follow-up, whereas after mastectomy 
a plateau was reached after 6 years. In 2016 the 
results from the English Prospective study of 
Outcomes in Sporadic versus Hereditary breast 
cancer (POSH) [19] on 3024 women younger 
than 40  years diagnosed with breast cancer 
between 2000 and 2008 demonstrated similar 
LRR in the first 18  months from mastectomy 
and BCT, but larger disparity at 5-year (2.6% vs. 
5.3%, p < 0.001) and 10-year (4.9% vs. 11.7%, 
p  <  0.001) follow-up with significantly higher 
LRR in the BCT patients.

At the same time, in the last decade, other 
studies on surgical management in young patients 
have shown a different trend. In 2017 Quan et al. 
[20] reporting on 1381 young (<35-year-old) 
patients from Ontario Cancer Registry found no 
statistically significant effect of surgery type on 
recurrence (HR = 0.9) and survival (HR = 0.98). 
Furthermore, they showed that distant metastatic 
disease represented the most common site of first 
failure for all women in the study regardless of 
the surgical approach. This high rate of distant 
metastases may reflect an inherent biologic dif-
ference in young women with breast cancer com-
pared to their older counterparts, which should 
be maybe addressed by systemic rather than local 
treatment. Even in the POSH study, the frequency 
of LR was much lower than that of distant relapse 
indicating that the main hazard experienced by 
young patients is of distant rather than of local 
recurrence (752 vs. 139 events) [19]. Similarly, 
the retrospective analysis of 201 patients aged 
<35 years who underwent BCT at the European 

Institute of Oncology of Milan between 1997 
and 2004 showed a cumulative incidence of 
ipsilateral breast tumour recurrence of 12.3% at 
10-year follow-up which does not justify, accord-
ing to the authors, mastectomy indication based 
on patient’s age only [21]. In addition to this, 
Aalders et al. [22] reached the same conclusion 
by evaluating data of the Netherlands Cancer 
Registry on contemporary rates of LR and LRR 
in 1000 young (<35-year-old) patients with 
breast cancer operated between 2003 and 2008. 
They found no influence of the type of surgery on 
the risk of LR (3.5%) and highlighted a decreas-
ing trend in the risk of LRR (3.7%) concluding 
that young age itself does not imply an increased 
5-year rate of LRR.

As a result the decision between BCT and 
mastectomy in young women with breast cancer 
should be based on reliable and contemporary 
risk estimation, as their life expectation is lon-
ger and a LR could affect their quality of life. 
In order to evaluate this risk, Botteri et al. [23] 
have recently concluded a single-centre cohort 
study including <40-year-old women diagnosed 
with early breast cancer and treated with BCT 
at the European Institute of Oncology in Milan 
from 1997 to 2010. The main objective of this 
study was to assess whether the safety of breast- 
conserving surgery has improved over time and 
if other components of breast cancer therapy 
could be identified as clinically responsible 
of improved outcomes. The study population 
included 1331 consecutive patients who under-
went breast- conserving surgery followed by 
whole breast radiotherapy and showed a dramatic 
improvement in prognosis after 2005, when the 
use of trastuzumab was implemented in routine 
clinical practice. Considering that the prognosis 
did not improve in Her-2-positive patients only, 
the authors argued that the increasing use of 
the classification in molecular subtypes which 
allows more tailored therapy, general improve-
ments in diagnostic ability and the introduc-
tion of new systemic treatments has generated 
a global improvement in outcomes. According 
to their data, the incidence of ipsilateral breast 
tumour recurrence decreased by 7% each year, 
going from 1.42 per 100 person-years in those 
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treated up to 2002 to 0.48 per 100 person-years 
in those treated after 2005. Hence, the 10-year 
local relapse rate is 4.8%, which is much better 
than percentages previously reported in young 
women, i.e. 10.2% at 5-year follow-up and 12% 
at 15-year [24, 25].

To summarize, surgeons in favour of mas-
tectomy still find that young patients are poorly 
represented in those historical trials, so gen-
eralization of results could be not reliable, the 
definition of “young” is not homogeneous, and 
the increased risk of LRR showed in less recent 
studies could already be good reasons to be more 
aggressive. But this is now an old misconception, 
and currently the reported improving outcome of 
BCT is achieved through a synergic pre-operative 
work- up working along with surgery plus radio-
therapy and systemic therapy guided by tumour 
biology. In addition to this, breast cancer in 
young patients is de facto a relative uncommon 
condition (around 5–7% of breast cancers arises 
in women younger than 40), and it is acceptable 
that they represent a minority of those studied, 
but now we have sufficient data to support inter-
national guidelines specifically dedicated to 
young breast cancer patients.

7.1.2  Current Guidelines

Breast-conserving surgery followed by radio-
therapy is currently the standard of care for 
early breast cancer with no difference in over-
all survival compared to mastectomy. As a 
matter of fact, the European Society of Breast 
Cancer Specialists (EUSOMA) working group 
confirmed that conservative surgery is the first 
option, whenever suitable, for young breast can-
cer patients too in the most recent international 
consensus guidelines for breast cancer in young 
women (BCY3) [26]. Nevertheless, the choice 
of the surgical treatment in young breast cancer 
patient still represents a challenge due to both 
the rare condition and the fact that young age 
is an independent risk factor for increased local 
recurrence [1, 12, 13, 27, 28]. In particular, some 
of the histopathological characteristics such as 
larger size, higher grade, presence of peripheral 

extensive intraductal component, vascular embo-
lies and lymphoid stroma have been related to a 
higher risk of LR [29].

In this scenario, there is a high risk of taking 
emotionally driven decisions and opting for the 
more aggressive, and maybe unnecessary, surgi-
cal procedure [21]. However, the worse progno-
sis of many young patients cannot be mitigated 
by a more aggressive local treatment, as more 
extensive surgery does not result in improved 
survival.

The care of young women with breast cancer 
should always be tailored on the single patient 
and her specific issues related to fertility preser-
vation, sexuality, activities of daily living, social 
life, pregnancy and lactation which could affect in 
a way surgical decision and timing. For this rea-
son, young breast cancer patients deserve a “spe-
cial” attention and a multidisciplinary approach 
in order to choose the best surgical treatment.

7.2  Breast-Conserving Surgery 
Versus Mastectomy 
and the Increasing Role 
of Primary Systemic Therapy

In early breast cancer, breast-conserving surgery 
followed by radiotherapy provides the same long-
term survival benefit as modified radical mastec-
tomy in women with stage I–II breast cancer. The 
importance of surgical quality is supported by 
data showing that the completeness of excision 
is more important than the extent of surgery [19]. 
Aesthetic outcome, body image changes and 
the impact on sexuality may be more relevant in 
young women. Literature on quality of life after 
BCT shows good results regardless of age, and 
BCT is always associated to higher scores if 
compared to mastectomy [30, 31].

In advanced breast cancer, age alone is not 
a reason to prescribe more aggressive therapy, 
and the management should be the same as in 
the older breast cancer population. Likewise, 
young patients with inflammatory breast cancer, 
which is slightly more frequent in young women 
of African origin, follow common guidelines 
regardless of age.

7 Surgical Management of Breast Cancer in Young Women
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7.2.1  Breast-Conserving Surgery

The goal of breast-conserving surgery is to pro-
vide clear radial tumour margins. There is no 
upper limit for tumour size, but a large tumour in 
a small breast is a relative contraindication since 
an appropriate resection would result in a poor 
aesthetic outcome. In these cases, as well as in 
the older counterpart, considering tumour biol-
ogy and imaging, the primary systemic therapy 
(PST) could help downsize the tumour and allow 
less invasive surgery. When breast- conserving 
surgery is indicated in young patients, the tumour 
excision can be performed through a wide local 
excision removing the tumour en bloc from the 
subcutaneous tissue to the pectoralis fascia with 
macroscopically free radial margin as well as it 
happens for patients of any age. The involvement 
of radial margin is associated with significantly 
worse OS and disease-free survival also in stud-
ies on young patients, so attention to margins, 
with re-excision where appropriate, is strongly 
recommended [19].

Whenever poor aesthetic outcomes are 
expected, oncoplastic repair techniques should 
be offered in order to maximize cosmetic results. 
The use of oncoplastic techniques is very com-
mon in younger patients who seem to be more 
motivated to preserve their body image, despite 
bilateral or more complex surgery. Although 
modern breast surgery aims to remove the tumour 
while removing the smallest volume of tissue, on 
one hand the wish for a better symmetry can lead 
to more extensive surgery, i.e. bilateral oncoplas-
tic surgery, on the other hand the wish to avoid 
mastectomy can lead to extend the indications 
for breast-conserving surgery even when mas-
tectomy would be indicated, i.e. “extreme” onco-
plasty can be performed as the last chance to have 
the breast saved [32, 33].

However, the worse biologic features of breast 
cancer in young patients suggest that many 
women might be treated with PST in order to 
reduce the mastectomy rates and, in general, to 
improve cosmetic and functional outcomes after 
smaller surgical resections in cases where major 
response is achieved. Another advantage of using 
PST might be to have more time to perform 

genetic testing and allow both the patient and 
the physician to discuss between either a thera-
peutic procedure alone, which might be limited 
and conservative, or a risk-reducing surgery (see 
Chap. 7). The re-assessment after PST should 
always evaluate the eventual inflammatory pre-
sentation at diagnosis, the response to therapy 
and the residual tumour burden in order to choose 
the best surgical indication.

7.2.2  Mastectomy

When mastectomy is indicated, skin and nipple- 
sparing techniques with immediate breast recon-
struction are the gold standard for all breast cancer 
women and, even more, for young patients, except 
for inflammatory breast cancer for whom delayed 
reconstruction is generally recommended [34]. 
Data from UK national audit show that age is the 
only factor to be associated with patient responses 
on quality of life, showing that younger patients 
have higher expectations and are more prone to 
choose immediate reconstruction [35].

7.2.3  Axillary Surgery

Indications for sentinel node biopsy or axil-
lary dissection and the surgical management of 
involved nodes in young breast cancer patients 
should be the same as in older patients both in 
upfront surgery as well as in neoadjuvant setting. 
There is no evidence of any differences in senti-
nel node biopsy outcomes related to the patient 
age. The optimal treatment of the axilla after pri-
mary chemotherapy remains controversial and 
should be tailored on the single patient regardless 
of age [35] (Figs. 7.1 and 7.2).

7.3  Special Situations  
in Young Patients

Breast cancer in young ladies could arise in spe-
cial settings that are more frequently associated 
to the young age. In these cases, the surgical 
management could be slightly different.
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1. Tumour to breast ratio
2. Nodal status
3. Tumour biology (Her 2+, TN)
4. *Likelihood of genetic mutations
5. Patient’s wish

Is BCS feasible?

NO, at all YESNO, but could be

Consider MASTECTOMY Consider upfront BCSConsider PST

Is axilla involved?

NO, at all NO, but could be YES

SNB
Consider FNAB

*If the information deriving from the genetic testing could change surgical indication, always take into account to wait
for it, listen to the patient’s wishes and consider timing for upfront surgery versus PST according to the availability of
an «urgent» genetic test.
If the test is positive ALWAYS explain the alternative of bilateral risk reducing surgery

Consider PST

Fig. 7.1 Surgical evaluation at diagnosis

1. Residual tumour to breast ratio
2. Nodal status after PST
3. *Likelihood of genetic mutations
4. Patient’s wish

Is BCS feasible?

Is axilla involved?

NO, at all NO, but it was YES

SNB Consider SNB with frozen section
or AD

AD

NO, at all or inflammatory
cancer

YES, but it was not YES

BCSBCSMASTECTOMY

Fig. 7.2 Surgical evaluation after PST

7 Surgical Management of Breast Cancer in Young Women



74

7.3.1  High Genetic Risk

The management of young patients with breast 
cancer and harbouring germline BRCA mutation 
is very complex and has been specifically addressed 
in a separate and dedicated chapter (see Chap. 6).

Briefly, in patients with BRCA1/2 mutation 
or other strongly predisposition mutations, the 
bilateral risk-reducing mastectomy may be con-
sidered as part of the initial work-up, trying to 
balance the risk of ipsilateral breast recurrence 
and new primary malignancy. However, breast 
conservation remains a suitable option, and 
patients should be carefully informed that no 
survival benefit has been de facto demonstrated, 
despite a higher risk of ipsilateral recurrence and 
contralateral breast cancer if compared with non-
mutated patients (27% vs. 4% and 25% vs. 1% 
after 10 years, respectively) [36]. In addition, 
prophylactic salpingo- oophorectomy should be 
discussed from the age of 35 provided that the 
woman has completed the family planning and 
should preferably be done before the age of 40 
especially in BRCA1 mutation carriers, always 
taking into account the patient’s wishes and fam-
ily history [37, 38]. In high-risk women who 
opted for breast conservation, prophylactic sal-
pingo-oophorectomy can reduce both the risk of 
in-breast tumour recurrence (HR:1.37, p = 0.19) 
and, as well as tamoxifen, contralateral breast 
cancer occurrence [39]. Every young woman with 
breast cancer should be offered genetic counsel-
ling preferably before starting any treatment, but 
if she is not ready to consider genetic issues at 
diagnosis, it is advisable to treat the cancer first 
and then to offer counselling again during the 
follow-up. For all surgical decisions, and particu-
larly for risk-reducing mastectomy, patients must 
be properly counselled and given adequate time 
to decide. Once an informed decision is made by 
the patient, it should be respected [34].

7.3.2  Contralateral Prophylactic 
Mastectomy

Despite no survival advantage, more and more 
young women with unilateral breast cancer are 

choosing to undergo contralateral prophylac-
tic mastectomy (CPM), even without a known 
hereditary predisposition to the disease. Young 
age at diagnosis has been identified as a predic-
tor of likelihood to undergo CPM [40–44]. A 
recent analysis of California Cancer Registry 
data documented an increase in bilateral mastec-
tomy rates above all in women under 40 climb-
ing up from 3.6% in 1998 to 33% in 2011 [45]. 
A recent SEER analysis showed that anxiety, the 
so-called piece of mind and the desire to improve 
their survival are the most common drivers in the 
patient’s choice for CPM, although this means 
that lots of young women overestimate their risk 
of contralateral cancer [46]. The risk of con-
tralateral disease in young women who tested 
negative for BRCA1/2 mutations, even with a 
high-risk family history, is similar to patients 
with sporadic breast cancer. Nevertheless, if after 
receiving proper and thorough information based 
on current available data on prognosis, surgical 
complications and psychological consequences, 
the young patient shows a strong motivation to 
undergo prophylactic surgery, this preference 
should be respected [47]. These data suggest that 
young women need to be very carefully informed 
about the risks and benefits of surgery, highlight-
ing that the risk of systemic recurrence, which is 
not affected by the surgical choice, exceeds the 
risk of developing a contralateral cancer [48].

7.3.3  Surgery in Breast Cancer 
During Pregnancy

If breast cancer occurs during pregnancy, the young 
patient should be well informed that  abortion does 
not improve prognosis and that the cancer as well 
as its treatment will not affect the foetus’ health. 
Surgery can be safely performed during any stage 
of pregnancy, and most anaesthetic drugs do not 
harm the foetus [49]. The surgical choice should 
not be affected by the pregnancy but must follow 
the same guidelines as for non-pregnant women 
both for breast conservation and mastectomy and 
eventual reconstruction [50, 51]. However, in case 
of breast conservation, radiotherapy should be 
delayed to post-delivery time [52]. Mastectomy is 
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not recommended solely on the basis of pregnancy 
and delay in time to radiotherapy. Furthermore, 
immediate reconstruction with tissue expander, 
even if prolonging surgery duration is not associ-
ated with adverse obstetrical or foetal outcomes, 
it can be safely used as a bridge to leave open all 
reconstructive options. Even sentinel node biopsy 
is feasible during pregnancy, as the estimated 
absorbed doses are widely below the 0.1–0.2 Gy 
foetal threshold absorbed dose [53]. It is recom-
mended to inject colloid in the morning (1-day 
protocol) to minimize radiation exposure, while 
blue dye is not recommended due to the potential 
risk of anaphylactic maternal reaction [54].

7.3.4  Surgery in Locoregional 
Relapse

The recommendations for young women do not 
differ from those for the general population. An 
isolated LR after BCT should be treated by mas-
tectomy, but, whenever possible, a second breast- 
conserving surgery could be offered to the patient 
after an informed decision-making process. To 
date, results from the CALOR study [55] suggest 
to consider also chemotherapy in women with 
HR-negative tumours and isolated LR, although 
the second isolated LR portends poor prognosis 
[56]. In case of LR, based on expert opinion level 
of evidence, endocrine therapy and trastuzumab 
could also be recommended in ER+ and Her2+ 
disease, respectively [34].
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8.1  Outcomes of Locoregional 
Therapies in Young Breast 
Cancer Patients

Breast cancer in young women is associated with 
higher risk of locoregional recurrence, even if 
corrected for stage and tumor characteristics. This 
phenomenon is observed in case of both breast-
conserving therapy (BCT) and mastectomy [1–
3]. In a series comprising 3602 women enrolled 
in three European Organisation for Research and 
Treatment of Cancer (EORTC) trials who had 
undergone breast conservation (55%) or mastec-
tomy (45%) for early-stage breast cancer, age and 
breast conservation were independent risk factors 
for isolated locoregional recurrence [2].

Large retrospective series of patients treated 
with BCT in the last 20  years consistently 
report significantly higher incidence of local 
failures among younger patients [4, 5], as 
well as age- related differences in outcomes of 
patients treated between 1970 and 1990 [6]. In a 
series of 758 patients ≤40 years from southern 
Netherlands, treated between 1988 and 2002, 
5- and 10-year local recurrence rates were as 
high as 9% and 17.9% [7]. These numbers have, 
however, improved significantly in later cohorts 
of patients, mostly due to improved effective-

ness of adjuvant systemic therapies: in another 
study from the same setting, 5-year local recur-
rence rates in patients ≤40 years decreased from 
9.8% for women treated between 1988 and 1998 
to 3.3% for those treated between 2006 and 
2010 [8].

Age was also the only independent prognostic 
factor for local control (P = 0.0001) in the EORTC 
“boost versus no boost” trial (Fig. 8.1), and the 
largest absolute improvement from the use of 
additional radiation dose (boost) to the tumor bed 
occurred in patients aged 40 years or less. In this 
large (5569 patients) randomized study, however, 
improvements in local control related to the use 
of higher radiation dose did not translate into 
survival benefit [9, 10]. Interestingly, the effect 
of age on local recurrence was not observed in 
the triple-negative breast cancer (TNBC) subtype 
in a series of 1930 patients from the Memorial 
Sloan Kettering Cancer Center (MSKCC) [11].

In mastectomized patients the negative impact 
of age on locoregional recurrence was demon-
strated in 4 of 11 studies included in the system-
atic review by Kent et al. [12]. Among patients 
enrolled in 13 International Breast Cancer Study 
Group (IBCSG) randomized trials, age <40 years 
(together with involvement of ≥4 lymph nodes 
and inadequate axillary surgery) was the main 
determinant of >15% risk of locoregional recur-
rence [13].

Importantly, no difference in long-term out-
comes is observed in mastectomized patients, 
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compared to those undergoing BCT.  Indeed, 
young BCT patients generally demonstrate higher 
locoregional recurrence rates, compared to those 
treated with mastectomy [2, 14, 15]. In spite 
of that, in a systematic meta-analysis (22,598 
patients 40 years old or younger from five pop-
ulation-based studies) and one pooled analysis 
of two clinical trials (10,898 BCT patients and 
11,700 mastectomy patients), after adjustments 
for tumor size and nodal status, no difference 
in the risk of death was found between the two 
groups, with a nonsignificant 10% lower risk in 
BCT patients (HR 0.9) (Fig. 8.2) [16]. Similarly, 
in the Dutch series of 536 T1N0-3M0 patients 
≤40 years, even though the risk of locoregional 
recurrence was almost threefold higher in those 
undergoing BCT, this did not translate into an 
increased risk of distant metastases or death 
[15]. On the contrary, significantly higher breast 
cancer-specific and overall survival rates were 
observed for stage IIB patients aged 20–34 years 
from the Surveillance, Epidemiology, and End 
Results (SEER) Program database, treated with 
BCT, compared to mastectomy without radio-

therapy [17]. No differences in long- term out-
comes were observed for stages I and IIA and for 
patients aged 35–39 years [17]. Inferior survival 
was also observed in node- positive T1 patients 
aged <40 years treated with mastectomy versus 
those undergoing BCT (HR 1.91). In this series 
postmastectomy chest wall radiotherapy was 
used only in case of positive margins or multi-
focality or when locoregional radiotherapy was 
used for positive apical lymph nodes or exten-
sive extra nodal growth [18]. The most plau-
sible explanation for superior outcomes in BCT 
patients is the almost universal use of radiother-
apy in this population. These data provide strong 
support for offering BCT to all suitable patients, 
regardless of age. Younger patients are at higher 
risk of locoregional failure, but more extensive 
surgery is not able to improve the risk of distant 
failure or death.

In young patients treated with conservative 
breast surgery, increased risk of local recurrence, 
compared to older patients, was observed pre-
dominantly in luminal A and HER2-positive sub-
types and the highest absolute risk was present in 
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HER2-positive and triple-negative patients aged 
≤40 years [19]. In another series of 524 patients 
treated with mastectomy or BCT, the prognostic 
value of age for the risk of locoregional recur-
rence was limited to luminal A tumors, and no 
difference was seen in luminal B and non- luminal 
subtypes [3].

Prognosis in BCT-treated patients developing 
ipsilateral breast tumor recurrence is better than 
that observed in case of local recurrence after 
mastectomy. In a series of 124 patients with an 
isolated local recurrence in the breast following 
breast-conserving surgery and radiotherapy for 
early-stage breast cancer diagnosed at the age of 
40  years or younger, 10-year local control rate 
was 95%, distant recurrence-free survival rate 
61%, and overall survival rate 73% [20]. Better 
prognosis is observed in patients developing 
local recurrence more than 5  years after BCT 
(HR 0.53), with lesions 2  cm or smaller (HR 
0.35) and with local recurrences detected by 
breast imaging (versus symptomatic ones) (HR 
0.27) [20]. Interestingly, although young patients 

develop local failures more often than the older 
ones, their prognosis following local recurrence 
and overall survival seem to be better, compared 
to the older population [21, 22].

The age at diagnosis matters even among 
“young” patients: in a series of 167 T1-2 patients 
aged 26–45, treated with BCT, including brachy-
therapy boost, age ≤35 was associated with 
a threefold increase in the risk of local failure, 
together with high tumor grade and negative hor-
mone receptor status. Importantly, also in this 
series, increased local recurrence rate did not 
translate into increase in the risk of distant metas-
tases and death [23].

8.2  Role and Technical Aspects 
of Radiotherapy in Young 
Breast Cancer Patients

Increased risk of local recurrence after BCT in 
younger women provides a rationale for the use 
of more “aggressive” radiotherapy. Indeed, the 
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EORTC “boost versus no boost” trial demons-
trated the largest absolute benefit from additional 
radiation dose to the tumor bed in patients aged 
<40, although the relative risk reduction was simi-
lar among all age groups [9]. As a result, use of 
tumor bed boost in women <50 is uniformly rec-
ommended by most guidelines [24, 25]. As the 
local recurrence risk is higher in young patients, 
even with use of standard dose boost, there are 
attempts to improve these results by further esca-
lation of the radiation dose. The optimal tumor bed 
dose in patients ≤50 has been tested in the “young 
boost” trial, comparing standard boost of 16 Gy to 
26 Gy, and the results are awaited [26].

Fractionation regimen in young breast can-
cer patients should not differ from those used in 
older patients. The 2018 American Society for 
Radiation Oncology (ASTRO) guidelines for 
whole-breast irradiation clearly state that there 
is no evidence indicating deleterious effects of 
moderately hypofractionated whole-breast irra-
diation in younger patients; thus the decisions 
regarding its use should be made regardless of 
age [27].

Because of increased local failure rate and 
because young patients are not only at risk of 
true recurrence, but also of second primary can-
cers within the conserved breast, the policy of 
limiting the irradiation volume only to the tumor 
bed (partial breast irradiation—PBI) is generally 
not recommended in young women. According 
to the guidelines of the Groupe Européen de 
Curiethérapie-European Society for Therapeutic 
Radiology and Oncology (GEC-ESTRO) and 
ASTRO, PBI is considered appropriate and 
safe only in the age group >50 (without other 
defined risk factors) and women ≤40 are clearly 
defined as “unsuitable” for PBI [28, 29]. Also the 
American Brachytherapy Society considers PBI 
acceptable only in women ≥50  years old [30]. 
In the retrospective series of 183 patients aged 
40–50 from Japan, however, no difference in the 
risk of in-breast recurrence was observed between 
those undergoing PBI using multicatheter brachy-
therapy and whole-breast irradiation [31].

Postmastectomy radiotherapy (PMRT) is rou-
tinely recommended in all patients with four or 
more involved lymph nodes; the role of PMRT in 

patients with one to three involved nodes remains 
disputable, and there is no agreement between the 
major guidelines, with recommendations varying 
from routine use in all node-positive patients [24, 
32] to the use only in those with additional risk 
factors [25, 33, 34].

As young mastectomy patients have higher 
locoregional failure rates, the relative reduction 
in breast cancer mortality due to postmastectomy 
radiotherapy is more pronounced in the young-
est age groups, although the relative decline in 
the locoregional recurrence risk is similar in 
all age groups [35]. In a retrospective series of 
382 patients aged ≤35 from the Ontario Cancer 
Registry treated with mastectomy between 1994 
and 2003, after a median follow-up of only 
2.72 years, an isolated local recurrence occurred 
in 15% of patients, and regional in 17%; post-
mastectomy radiotherapy was able to decrease 
this risk by almost 50% (HR 0.54), without an 
effect on distant recurrences or death without 
recurrence [36]. Significant benefit from post-
mastectomy radiotherapy in terms of locore-
gional control and overall survival, despite more 
advanced disease stages, was observed among 
107 stage IIA–IIIC patients <35 years treated at 
MD Anderson with doxorubicin-based neoadju-
vant chemotherapy and mastectomy [37].

Young mastectomy patients share risk factors 
for locoregional failure with older age groups: pri-
mary tumor size and nodal stage, as well as lack 
of radiotherapy and appropriate adjuvant systemic 
therapy [38]. While postmastectomy radiotherapy 
seems substantiated in the vast majority, if not all 
young node-positive patients, some data also sug-
gest benefit from irradiation in the node-negative 
population. In a study of 502 T1-2N0 patients 
treated with mastectomy, after a median follow-up 
of 77 months, local recurrence rates in patients >40 
and ≤40 were 1.7 and 7%, respectively; prognos-
tic factors for locoregional recurrence in patients 
≤40 included tumor size and presence of lym-
phatic vascular invasion [39]. In a series of 1136 
node-negative T1–T2 breast cancer cases treated 
with mastectomy without PMRT at Massachusetts 
General Hospital between 1980 and 2004, locore-
gional recurrence risk was twice higher in patients 
≤50. When combined with two or more other 
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risk factors, such as tumor size ≥2 cm, presence 
of lymphatic vascular invasion, close or positive 
margins, and absence of adjuvant systemic treat-
ment, locoregional recurrence rate was as high as 
almost 20% [40]. Surprisingly, no beneficial effect 
of postmastectomy radiotherapy on cause-specific 
and overall survival was demonstrated among 
1104 pT3N0 patients from the SEER database, 
although in patients younger than 40, a trend for 
benefit was observed [41].

Locoregional irradiation was demonstrated 
to improve long-term outcomes in two large 
randomized studies (EORTC 22922/10925 and 
MA.20) [42, 43]. Neither of these studies, how-
ever, demonstrated any aberrations from the 
generally observed trends in treatment efficacy 
in young patients. No effect of age was observed 
in the French study assessing the role of internal 
mammary node irradiation [44]. On the contrary, 
in the Danish prospective population study, in 
which only patients with right-sided tumors 
received internal mammary node irradiation, 
and which demonstrated an overall survival 
improvement from this procedure, an obvious 
trend for more relative benefit in younger age 
groups was observed, adding up to the generally 
higher absolute “background” risk of recurrence 
in these patients [45]. Interestingly, in a series 
of over 8000 patients enrolled in 13 randomized 
IBCSG trials, young age was a risk factor for 
chest wall and axillary, but not supraclavicular, 
failures [13].

Ductal carcinoma in situ (DCIS) is relatively 
infrequent in young women, being predominantly 
a screen-detected condition (most countries pro-
vide screening mammography from the age of 
50), but, if observed, is associated with high local 
failure risk. Among 1607 women treated for DCIS 
in Ontario between 1994 and 2003 with breast-
conserving surgery and radiotherapy, the 10-year 
cumulative local recurrence rate for patients 
younger than 45  years was 27%, significantly 
higher than for older age groups—for each year of 
increase in age, the local recurrence rate decreased 
by 4%. The use of tumor bed boost had no impact 
on tumor control. On multivariate analysis age 
less than 45 years was one of the strongest pre-
dictors of any local recurrence, invasive and non-

invasive [46]. In a series of 143 DCIS patients 
from William Beaumont Hospital in Royal Oak, 
Michigan, treated with BCT, at median follow-up 
of 19.3 years, the 20-year actuarial rate of recur-
rence in 31 patients ≤45 was 26.7%, including 
20.4% of invasive recurrences. Most of recur-
rences (23.3%) occurred within the first 10 years 
after treatment [47]. A Rare Cancer Network study 
collected data on 373 DCIS patients ≤45. After 
median follow-up of 72 months, the local relapse-
free survival was 63% for patients aged ≤39 years 
and 81% for those aged 40–45 years. Conservative 
surgery without adjuvant radiotherapy resulted in 
unacceptable 54% 10-year local recurrence rate. 
Adjuvant irradiation without tumor bed boost 
was associated with reduction in the risk of local 
relapse (28% 10-year local recurrence rate), and 
further improvement was seen it those given addi-
tional dose to the tumor bed (14% 10-year local 
recurrence rate)—p < 0.0001 (Fig. 8.3) [48].

8.3  Utilization of Radiotherapy 
in Young Breast Cancer 
Patients

In spite of generally higher risk of local failure, 
young patients seem to be the population most 
often exposed to suboptimal local treatments. In 
317,596 patients from the US National Cancer 
Database, in the youngest age group (≤35 years), 
the adjusted odds ratio of having a mastectomy 
(versus patients aged 61–64) exceeded 2; higher 
frequency of mastectomy was also seen in other 
“younger” patients. Worryingly, young women 
treated with conservative surgery were less likely 
to receive radiation (OR 0.69 for women ≤35). 
On the contrary, the probability of receiving 
postmastectomy radiotherapy, both when indi-
cated and when there were no indications for 
adjuvant irradiation, was higher among younger 
patients [49]. Reasons for underuse of radiation 
among younger women with breast cancer were 
explored in a cohort of 21,008 patients from the 
MarketScan Database. The only non-socioeco-
nomic factor contributing to lower probability of 
receiving radiotherapy as part of BCT was having 
at least one child aged less than 7 years [50].
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8.4  Complications 
of Radiotherapy in Young 
Breast Cancer Patients

Young women, due to expected long posttreat-
ment survival, are also at larger risk of long-term 
treatment toxicities. Indeed, among the partici-
pants of the Women’s Environmental, Cancer, 
and Radiation Epidemiology (WECARE) study, 
women <40 who received >1.0 Gy of absorbed 
dose to the correspondent quadrant of the contra-
lateral breast had a 2.5-fold greater risk for con-
tralateral breast cancer (CBC) than unexposed 
women; this risk increase was not observed in 
women >40 [51]. Similar observation was made 
in 7425 breast cancer survivors from two Dutch 
institutions. The risk of CBC was increased 1.5- 
fold in women <45 treated with postlumpectomy 

radiotherapy compared with those who had post-
mastectomy radiotherapy; this was explained by 
differences in radiation dose to the contralateral 
breast from direct electron field and tangential 
fields [52]. The relative risk of medially located 
CBC in this young population increased by 0.37 
per each additional Gy of average radiation dose 
to the medial part of the contralateral breast [52].

A nonsignificant trend for increased risk of 
cardiovascular mortality among younger patient 
cohorts irradiated for cancer of the left breast was 
observed in the analysis of 308,861 US women 
from SEER cancer registries [53]. On the con-
trary, in the EORTC “boost” study, the only 
cohort which did not experience increased risk 
of severe fibrosis related to the administration of 
additional tumor bed dose was patients younger 
than 41 years [9].
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8.5  Conclusions

Young patients are at increased risk of locore-
gional recurrence irrespective of type of surgery. 
Long-term outcomes after BCT are at least equal 
and possibly superior to mastectomy, which may 
be related to lesser use of radiotherapy in mastec-
tomized patients. Age, as a risk factor for locore-
gional failure, should be taken into account when 
considering indications for postmastectomy or 
regional irradiation. However, as young patients 
may be at increased risk of long-term treat-
ment toxicities of radiotherapy, meticulous care 
should be given to the use of optimal irradiation 
techniques.
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Timing and Type of Breast 
Reconstruction in Young Breast 
Cancer Patients

Rosa Di Micco and Oreste Gentilini

9.1  Background

The time a young breast cancer patient spends 
from the diagnosis to the end of treatment usually 
covers a limited period of her lifetime compared 
to the remaining part of her life when the healthy 
woman has to deal with the fear of recurrence and 
the aesthetic outcome of breast cancer surgery.

Breast reconstruction is an important compo-
nent in the final recovery of many breast cancer 
patients and is a main contributor to the quality of 
life of the post-breast cancer patient. An unrecon-
structed mastectomy defect as well as a poorly 
executed reconstruction may serve as a constant 
reminder of the previous cancer. Therefore, the 
more aesthetic and natural a reconstructed breast 
appears and feels, the more completely a breast 
cancer patient will recover. Blondeel et  al. [1] 
have masterfully explained how to surgically 
create an attractive breast through a reproduc-
ible three-step principle based on three important 
anatomical entities of the breast:

• The footprint, or the interface of the posterior 
surface of the breast with the thoracic wall;

• the conus of the breast, or the principal shape 
and volume made up by the mammary gland 
in normal breasts;

• the envelope of the breast consisting of the 
skin and subcutaneous fat.

The systematic approach for recreating the 
female breast after mastectomy consists of creat-
ing the breast footprint on the chest wall, placing 
a proper conus on the footprint and re-draping the 
appropriate skin envelope over the conus [2].

The appropriate timing and type of breast 
reconstruction are considerations in young as 
well as in older breast cancer patients. However 
young women have different physiologic and 
psychological characteristics than older ones, 
requiring a specific therapeutic approach both in 
the therapeutic and reconstructive phases. Young 
breast cancer patients have a more youthful 
breast structure and are generally in good health; 
thus the full spectrum of reconstructive options 
should be offered. Nevertheless, various factors 
can influence a young woman’s decision about 
reconstructive techniques such as finding a life 
partner, planning a family, beginning a career 
or having a highly active lifestyle. Furthermore, 
young patients are often well informed about 
prognosis, risk factors and surgical alternatives, 
as well as more willing to ask for mastectomy in 
lieu of breast-conserving therapy believing it to 
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be a more definitive risk reduction strategy [3]. 
The role of the surgical oncologist is to recom-
mend the surgical procedure which best suits the 
individual patient’s situation from the oncologi-
cal perspective; if mastectomy is required, he/she 
will explain whether mastectomy will be radical 
or modified radical and whether skin and eventu-
ally the nipple-areola complex can be spared. In 
this preoperative phase, a first discussion about 
timing could be started; the surgeon could illus-
trate the possibility of an immediate or a delayed 
breast reconstruction according to the breast can-
cer staging, the eventual need for adjuvant radio-
therapy and chemotherapy.

Subsequently, all the options of the recon-
structive repertoire will be discussed with the 
patient choosing the technique which best suits 
her according to her comorbidities, body char-
acteristics, personal habits and activities, as well 
as smoking and drug abuse, along with specific 
complications and disadvantages.

The choice of the most appropriate breast 
reconstruction is based on oncological needs, 
surgeon’s advice and patient’s desire and should 
always be discussed in a multidisciplinary setting.

9.2  Timing of Breast 
Reconstruction

Breast reconstruction can be performed as an 
immediate procedure, at the time of mastectomy, 
or as a delayed procedure, after adjuvant chemo-
therapy and/or radiotherapy. As an alternative, the 
immediate-delayed procedure provides an imme-
diate reconstruction with a temporary implant, 
and after an average 6-month period from the 
end of adjuvant treatment (chemotherapy and/or 
radiotherapy), a definitive implant or an autolo-
gous flap can replace the expander.

Several factors impact the choice and timing 
of breast reconstruction. Immediate breast recon-
struction should be reserved for patients with 
stage I or II disease who are at low risk of requir-
ing post-mastectomy radiotherapy (PMRT). The 
aesthetic outcomes of immediate reconstruction 
are superior to those of delayed reconstruction 
due to the retention of the natural skin enve-

lope and, eventually, of the nipple-areola com-
plex. However, when PMRT is planned, delayed 
reconstruction with total autologous reconstruc-
tion remains the gold standard whenever possi-
ble; otherwise immediate-delayed reconstruction 
with temporary implant placed at the time of 
mastectomy usually results in less complication 
than radiating a definitive implant, although this 
issue remains controversial [4, 5].

9.2.1  Immediate Reconstruction

The majority of women undergoing mastectomy 
for breast cancer are eligible for immediate breast 
reconstruction (IBR), but reconstruction rates 
remain low, less than 15% in all but the most spe-
cialized cancer centres around the world due to 
patient-related and adjuvant therapy-related fac-
tors as well as clinician beliefs [6]. Young breast 
cancer patients are more motivated than their 
older counterparts to receive IBR, willing to pre-
serve their body image at the expense of a higher 
complication rate and a more complex surgery 
[3]. IBR can be based both on implant place-
ment and autologous reconstruction; the surgeon 
and the patient will decide together which type of 
reconstruction suits better the single case. PMRT 
is traditionally regarded as a contraindication to 
IBR with implants due to a three-time higher rate 
of implant-related complications (i.e. capsular 
contracture, infection, fibrosis), resulting in poor 
aesthetic outcome [7]. However, recent studies 
demonstrate that immediate implant-based recon-
struction in the setting of PMRT, despite imperfect 
results, shows acceptable aesthetic outcomes and 
complication rates, with a high level of patient sat-
isfaction and low decisional regret [8]. Similarly, 
autologous reconstruction can suffer from a higher 
rate of complications (i.e. fat necrosis, flap con-
tracture, skin fibrosis) but still lower than implant-
based breast reconstruction followed by PMRT 
[9]. At the time of mastectomy, both definitive 
and temporary implants can be placed; according 
to the local conditions and the surgeon’s evalua-
tion, in cases when a temporary implant is placed, 
a second procedure is mandatory to complete the 
breast reconstruction (see Sect. 2.3).
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9.2.2  Delayed Reconstruction

Delayed breast reconstruction is performed in a 
separate stage after mastectomy, requiring com-
plete wound healing at the end of the adjuvant 
treatment (not including hormonal therapy). 
It can be offered as an alternative to immedi-
ate reconstruction, particularly when PMRT is 
planned, in order to reduce the complication rate 
after RT, whilst it is still mandatory in cases of 
inflammatory breast cancer [10, 11]. However, 
more recent data on immediate reconstruction 
in cases of inflammatory breast cancer suggest 
that this opportunity could be offered in selected 
cases, despite a higher complication rate, with 
no difference in survival [12, 13]. The routine 
practice is to wait at least 30–40  days from 
the end of chemotherapy and 6  months from 
radiotherapy. Autologous tissue reconstruction 
allows for replacement of irradiated skin and 
a more natural-appearing, ptotic breast [13]. 
Tissue expander-based reconstruction is avoided 
after radiation therapy because of the high risk 
of wound healing problems and capsular con-
tracture, with its associated pain and physi-
cal deformity [14]. However if implant- based 
reconstruction is preferred, even after PMRT, 
nourishing the mastectomy site with several ses-
sions of lipofilling before placing the implant, or 
transferring normal, nonirradiated tissue to the 
breast, even if to cover an implant, reduces the 
complication rate and the rate of reconstruction 
failure [14].

9.2.3  Delayed-Immediate 
Reconstruction

Delayed-immediate reconstruction is always 
feasible and represents a two-step procedure 
to reconstruct the breast immediately with a 
temporary implant (i.e. a tissue expander) and 
then, after a period of inflation, to complete the 
reconstructive phase with a definitive implant 
or autologous tissue. The tissue expander for 
the breast was developed in the setting of total 
mastectomy where no skin was available at the 
end of the oncological procedure to cover the 

definitive implant. Today, the indications for 
the expander placement are extended: to all 
cases when the skin available is not enough 
to reconstruct a large-sized breast; when skin 
flap viability, pectoralis muscle coverage or 
generally local conditions at the end of the 
mastectomy are not safe enough to support 
the placement of a definitive implant; in most 
centres, when PMRT is planned; and when the 
choice between implant-based and autologous 
reconstruction is not clear yet. The placement 
of a tissue expander can give more time to the 
patient and/or the surgeon to decide while pre-
serving the skin spared during the primary sur-
gery [8, 15, 16].

9.3  Type of Breast 
Reconstruction

The choice of the most suitable type of breast 
reconstruction is mainly based on optimal patient 
selection. The young breast cancer patient usu-
ally has a wider choice compared to the older 
counterpart, but each technique should match her 
clinical history, physical characteristics and per-
sonal desire. In general, there are two types of 
breast reconstruction:

• Autologous reconstruction requiring that tis-
sue coming from the same patient is utilized to 
reconstruct the breast;

• Implant-based reconstruction implying that a 
prosthesis is used to rebuild the breast 
volume.

In any kind of breast reconstruction, each 
patient should be informed that the final result 
cannot be achieved after one single operation; 
it represents indeed, a pathway towards the 
restoration of the body image and could require 
secondary corrections. The goal of the first oper-
ation, regardless of which technique is used, is to 
obtain a basic shape, and later, the reconstructed 
breast can be ameliorated, with nipple recon-
struction, scar revision, volume adjustments or 
shape  corrections, and the contralateral breast is 
made symmetric, if not done before [2].
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9.3.1  Implant-Based Breast 
Reconstruction

In the USA approximately 80% of reconstruc-
tions are performed using prosthetic devices, with 
the vast majority performed immediately at the 
time of mastectomy [17, 18]. The vast majority of 
patients, including young breast cancer patients, 
have successful implant-based reconstructions 
and an overall quicker recovery compared with 
autologous reconstruction. However, infections 
occur at a higher rate than with most elective sur-
gery procedures. An ongoing debate concerns the 
best approach to implant-based reconstruction, 
i.e. whether it should be a one-stage (direct to 
implant) or a two-stage (tissue expander and then 
implant) procedure. Advocates for the one-stage 
technique emphasize a low revision rate, fewer 
operations, reduced overall cost and excellent 
patient satisfaction [19–21]. On the other side, 
advocates for the two-stage technique highlight 
the improved patient satisfaction based on recon-
touring and selecting an ideal prosthesis for the 
second procedure, reduced capsular contracture 
in the setting of PMRT, a lower unplanned revi-
sion rate and excellent patient outcomes [22, 23]. 
Success with either technique is ultimately based 
on proper patient selection, surgical technique 
and surgeon’s experience. Therefore, it is manda-
tory to be clear with patients that smoking, diabe-
tes, obesity or vascular diseases can increase the 
complication rates [19, 22].

A definitive implant can be placed when 
there are enough skin and good muscle cover-
age; this means that in IBR a conservative mas-
tectomy should be performed; thus the skin as 
well as total or partial muscle coverage should 
be available. These conditions are common in 
small- breasted patients. As the breast volume 
or ptosis increases, when a conservative mas-
tectomy is performed, the only possibility to 
have an immediate implant-based reconstruction 
is to use an acellular dermal matrix (ADM) or 
mesh in order to complete the muscular pocket 
inferiorly and grant good implant coverage of 
the lower pole ptosis or, alternatively, place the 
implant pre- pectorally by using specific porcine 
dermal matrices [19, 24–26]. As a second choice, 

a delayed-immediate breast reconstruction can 
be realized by placing a tissue expander at the 
time of mastectomy (or later in cases when a 
delayed implant-based reconstruction is desired) 
and then replacing the temporary implant with a 
definitive one at least 6 months after the end of 
radiotherapy or chemotherapy or 1 month after 
the completion of expansion when no adjuvant 
treatment is planned. The second stage usually 
allows for: precise positioning of the inframa-
mmary fold; capsulotomy to release soft tissue, 
thus increasing breast projection and ptosis; and 
re-evaluation of the breast height and width to 
achieve maximal symmetry with the contralateral 
breast [22]. In some selected cases, a definitive 
expander can be placed at the time of primary 
surgery and then filled with saline or air, and once 
the ideal volume has been reached, the injection 
port is removed under local anaesthesia [27].

Describing in depth the surgical techniques 
by which implant-based breast reconstruction 
can be performed is beyond the scope of this 
chapter; however some data on last-generation 
devices available could interest the reader in 
order to offer the young breast cancer patient 
the widest choice possible. US data on implant-
based reconstruction show that in the vast major-
ity of cases, ADMs are used. Current innovations 
in the ever- changing landscape of implant-based 
breast reconstruction can be summarized into 
two types of devices: biologic and synthetic 
mesh. Biologic meshes include human-derived 
ADM (i.e. AlloDerm, Megaderm, hMatrix, 
DermaMatrix, DermACELL, etc.) and nonhu-
man sources called xenografts, derived from 
porcine dermis, foetal bovine dermis or bovine 
pericardium (i.e. Braxon, Permacol, Protexa, 
Strattice, SurgiMend, Tutomesh, Veritas, etc.) 
[28]. Despite the large plethora of process-
ing differences, outcome parity is frequently 
encountered in both comparative and single-
cohort study [29, 30]. The only randomized con-
trolled trial on ADMs, the BREASTrial, showed 
no significant difference in complication rates 
between two different ADMs. Synthetic meshes 
include permanent meshes (i.e. TiLOOP Bra, a 
titanium-coated polypropylene mesh) or absorb-
able meshes (i.e. Vicryl Mesh, SERI scaffold, 
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TIGR Matrix). The only randomized controlled 
trial comparing synthetic and biologic mesh in 
the IBR setting found a similar complication 
rate, with higher rates of severe complications 
and failure in the ADM cohort [31]. A recent 
systematic review by Cabalag et  al. [32] sug-
gests the use of ADM to expand the submuscu-
lar pocket both in a single-stage setting, where 
direct-to-implant breast reconstruction is facili-
tated with an improved cosmesis and a better 
definition of the inframammary fold, and in the 
two-stage setting to shorten the expansion time. 
However, in the ADM-assisted single-stage pro-
cedure, the overall complication rate is lower 
than in the traditional two-stage submuscular 
approach, despite an increased rate of mastec-
tomy flap necrosis [19, 33, 34]. Conversely, in 
ADM-assisted two-stage expander-to-implant 
reconstruction, the outcomes are inferior due to 
a higher rate of seroma, infection and mastec-
tomy flap necrosis when compared to non-ADM 
two- stage reconstruction [35–37]. To date, dif-
ferences in sourcing and processing of matrices 
seem less important than technique and experi-
ence of the surgeon using them. There is some 
evidence suggesting that ADM may ameliorate 
capsular contracture; the reported protective 
effects of ADMs in irradiated tissue are incon-
sistent [28, 32].

9.3.2  Autologous Breast 
Reconstruction

Tissue for autologous breast reconstruction can 
be harvested from different sites with different 
degrees of complexity according to the individ-
ual patient’s body habitus and fat deposits. The 
breast volume can be restored through fat graft-
ing, using pedicled flaps or free flaps according 
to local and systemic conditions as well as patient 
expectations. Compared to implant-based recon-
struction, autologous reconstruction provides a 
soft, warm, pliable breast which follows natural 
changes of the body (i.e. weight gain/loss, ptosis, 
etc.). Despite requiring more complex or multiple 
surgeries, longer time and higher risks to achieve 
final results, autologous breast reconstruction 

reliably maintains its original characteristics over 
time and ensures long-lasting outcomes which 
could be more appealing for young breast cancer 
patients. In the UK report from 2007 to 2014, the 
use of free flap procedures increased from 17 to 
21%, while pedicled flap use decreased from 50 
to 22% of all IBR [16].

Once a patient’s preference for autologous 
reconstruction is assessed, the donor site tis-
sue suitability is fundamental in the decision-
making process. The available donor site tissues 
must be tested on the abdomen, buttock or inner 
thigh through the “pinch test” [38] in order to 
guide operative planning and select the patient 
according to her wishes, risk factors and specific 
complications, the setting in which the surgeon 
works, resources available and the surgeon’s 
technical expertise.

9.3.2.1  Fat Grafting
Fat grafting is a available tool in breast sur-
gery, having an important role both in breast- 
conserving surgery to treat cosmetic sequelae, 
and in breast reconstruction as a complement 
to refine the aesthetic result, as well as in pure 
aesthetic surgery [39, 40]. The total breast recon-
struction with fat grafts appears as the ideal 
reconstructive technique, being easy to perform, 
with low impact on the patient’s body integrity 
besides being reproducible, fully autologous and 
with minimal scars and a low complication rate 
along with the additional benefit of liposuction. 
However, it is a multiple-stage surgery and usu-
ally requires balancing of the contralateral breast. 
It can be offered alone when the breast enve-
lope has been preserved or after skin expansion 
with tissue expander, BRAVA system, or with 
abdominal advancement flap [41–45]. The ideal 
candidate is a patient with small- to moderate-
sized breasts and enough donor sites, motivated 
to undergo four to five lipomodelling sessions, 
even more for previously irradiated breasts. Good 
results are derived from appropriate patient selec-
tion and greater surgical experience with fat graft-
ing. Over time, enthusiasm for this technique has 
decreased, and it appears suitable only for very 
selected patients who accept multiple surgeries 
and are not willing or suitable for other surgery.
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9.3.2.2  Pedicled Flaps
• Latissimus Dorsi (LD) Flap: is the historical 

myocutaneous flap used for autologous breast 
reconstruction since the 1970s, because it is 
simple to harvest and safe, both in partial and 
total breast reconstruction, similarly in pri-
mary and secondary surgery [46, 47]. 
Currently, the standard LD is not the first 
choice in breast reconstruction and is less and 
less used as a single procedure as it represents 
the lifeboat to fallback procedure when other 
types of reconstruction have failed. An ideal 
candidate for LD flap is a lady with small 
breast volume and excess tissue laterally and 
upwards across the midback. LD flap volume 
can be increased by harvesting an “extended” 
LD flap, lipofilling the flap before insetting or 
adding an implant or tissue expander [48–50]. 
However, the quality of the aesthetic result can 
at times be less than desired and complications 
at the donor site can be troublesome [51]. In 
particular, young patients should be informed 
of the extra scarring on the back and functional 
impairment on the shoulder and arm that LD 
flap limits in some activities such as mountain 
climbing, skiing and swimming [52].

• More recent muscle-sparing LD flaps [53–55] 
and pedicled perforator flaps deriving from 
the same area, i.e. thoracodorsal artery perfo-
rator (TAP) [56, 57], lateral thoracic artery 
perforator (LTAP) [58] and lateral intercostal 
artery perforator (LICAP) [59], being muscle 
and nerve sparing could lead to less morbidity. 
Nevertheless, sparing the muscle means also 
decreasing the flap volume, so they are mainly 
utilized in partial rather than in total breast 
reconstruction, where additional autologous 
or prosthetic volume is required.

• Transverse Rectus Abdominis Myocutaneous 
(TRAM) Flap is another historical myocuta-
neous flap to be used after radical mastectomy 
in order to restore breast volume at the expense 
of weakening the abdominal wall [60]. This 
flap, despite being safe and easy to harvest, 
yields a high rate of donor site complication 
(i.e. abdominal hernia or bulge, fat necrosis, 
flap loss) [61]. For these reasons, TRAM flap 
should not be recommended as the first choice 
in young breast cancer patients, and it is losing 

ground in favour of muscle-sparing and free 
TRAM flaps. However, it still remains a good 
option of autologous reconstruction, particul-
alry if delayed, in centres where microsurgical 
expertise is not common yet and the ideal can-
didates remain obese, active smokers, previ-
ously irradiated patients who are also good 
candidates to abdominoplasty [62].

9.3.2.3  Free Flaps
• Deep Inferior Epigastric Artery Perforator 

(DIEAP) currently represents the gold stan-
dard of autologous breast reconstruction in 
breast centres where microsurgery is per-
formed [63]. This flap offers the patient the 
same advantages as the TRAM flap and dis-
cards the most important disadvantages of the 
myocutaneous flap by preserving the continu-
ity of the rectus muscle and so granting a 
higher abdominal physical well-being accord-
ing to patient-reported outcomes [64]. The 
donor site morbidity is reduced, a sensate rein-
nervation is possible, postoperative pain is 
less, recovery is quicker and hospital stay is 
reduced. The more complex nature of this type 
of surgery, leading to increased operating time, 
is balanced by the more permanent and gratify-
ing results achieved [65, 66]. Nevertheless the 
advantages and cost-effectiveness of this sur-
gery are evident only when patients are care-
fully selected based on perforator anatomy and 
surgery is performed by experienced surgeons 
[67]. Most women who have had or will have 
mastectomy are possible candidates for a 
DIEAP flap, provided that a good donor site is 
available, and also larger breast volume can be 
rebuilt. Absolute contraindications are very 
rare: previous abdominoplasty or abdominal 
liposuction or active smoking. Relative contra-
indications include large abdominal incisions, 
and preoperative angio-CT is mandatory to 
assess the presence and location of perforator 
vessels [68, 69]. This flap can be offered both 
in immediate and delayed  reconstruction, as 
first or second choice after previous failure or 
expander placement. If additional volume is 
required, a “stacked” DIEAP flap can be har-
vested or an implant can be added underneath 
[70, 71]. Of course, this flap requires longer 

R. Di Micco and O. Gentilini



95

and more complex surgery, but in high-volume 
centres and in expert hands, results could be 
excellent, with a flap failure rate less than 2% 
[65, 66, 72]. Significantly higher risks of com-
plications (flap necrosis, fat necrosis, delayed 
wound healing, donor site morbidity) are asso-
ciated with age, BMI, immediate reconstruc-
tion, bilateral procedures and radiation [64].

• Superficial Inferior Epigastric Artery (SIEA) Flap is 
raised from the same donor site of DIEAP but on a 
different vascular pedicle. However, despite minor 
donor site morbidity and a quicker harvesting, it is 
still less frequently performed due to the low reli-
ability of its vascular pedicle being of sufficient cali-
bre in 24–70% of patients [73]. The current use of 
preoperative imaging has promoted the use of the 
SIEA flap in selected cases when vascular anatomy 
is compatible with free tissue transfer [72].

When the abdomen is not viable as a donor 
for autologous reconstruction, the second flap of 
choice has to be found in buttock and thigh flaps, 
always according to surgeon’s preference and 
patient’s anatomy.

• Superior Gluteal Artery Perforator (SGAP) 
Flap is suitable for both uni- and bilateral 
breast reconstruction due to its consistency, 
volume and reliable anatomy. Ideal candidates 
are patients with breast weight of 200–600 g. 
However, the contour defect produced in the 
upper buttock could be significant, the scar is 
difficult to hide and in a thin patient there is a 
loss of padding [74].

• Inferior Gluteal Artery Perforator (IGAP) 
Flap is similarly a good flap for breast recon-
struction. The ideal candidate is someone with 
saddlebag deformity, since body contour 
would be improved with the surgery. The scar 
is well concealed in the natural depression of 
the inferior gluteal crease and the round shape 
of the buttock is preserved. The displeasing 
sensation of sitting on the scar must be consid-
ered, and there is a slight increase in the risk of 
dehiscence and injury of the posterior femoral 
cutaneous and sciatic nerve [75].

• Profunda Artery Perforator (PAP) Flap pro-
vides soft and pliable tissue from a rela-

tively plentiful donor site even in those 
patients with inadequate abdominal tissue. 
The scar is well hidden in the gluteal crease, 
and this flap allows the surgeon to rebuild a 
volume of 300–400 g with some limitation 
in large-breasted women. The skin paddle, 
due to its location, tends to be slightly 
darker in pigmentation when compared to 
breast skin, which could impact in delayed 
reconstruction where no breast skin is avail-
able any more and the flap needs to be inset 
with its own skin. Due to its versatility and 
effectiveness, it is currently the second 
choice flap in several centres where micro-
surgical autologous reconstruction is rou-
tinely performed [72, 76].

• Transverse Myocutaneous Gracilis (TMG) or 
Transverse Upper Gracilis (TUG) Flaps are 
two myocutaneous flaps taking the whole or 
the upper part of the gracilis muscle, respec-
tively. They are a good and reliable alternative 
in autologous breast reconstruction, being 
easier to harvest even for less experienced 
microsurgeons. Donor site morbidity is mini-
mal and the resulting scar is well hidden as in 
a thigh lift. However, perforator flaps are more 
and more preferred due to the absence of mus-
cle sacrifice, lower complication rate and 
improving learning curve of breast microsur-
geons [76, 77].

• Lumbar Artery Perforator (LAP) Flap is a 
promising alternative to the gluteal flaps, 
even in lean patients, as it takes advantage of 
the fatty tissue of the “love handles” overly-
ing the iliac crest and the buttock area where 
fair amounts of tissue can be harvested. The 
scar and the donor site can be hidden and do 
not distort the contour, as this is essentially 
the same area routinely excised in a tradi-
tional buttock lift. This is one of the newest 
types of perforator flaps for breast reconstruc-
tion and is performed in very few centres, yet 
[78–81].

Other alternative flaps like septocutaneous 
tensor fascia latae (TFL), deep circumflex iliac 
artery (DCIA) and anterolateral thigh (ALT) are 
only occasionally used.
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9.3.3  Composite Breast 
Reconstruction

The wording “composite breast reconstruction” 
has been recently reported to define a composite 
approach in breast reconstruction where an implant 
is used in combination with fat grafting. This tech-
nique can not only lower the volume and surface 
area of foreign material (the prosthesis) but also 
transform the implant-based reconstruction into a 
more natural looking breast with less visible and pal-
pable implant edges. Additionally, adding fat allows 
changing the position of the implant to a more pre-
pectoral position as the subcutaneous layers of the 
mastectomy flaps can be thickened by grafted fat. 
This is a variation on the two-stage implant-based 
breast reconstruction, as the expander is placed 
in the primary procedure, then inflated and step-
by step deflated as long as mastectomy flaps are 
lipofilled. During the last lipofilling section, the 
expander is removed and a small implant placed to 
provide extra projection, volume and shape [82]. 
Results are very encouraging; indeed many centres 
were already combining fat grafting and implant-
based reconstruction, defining this reconstructive 
system as “hybrid breast reconstruction”, being 
both autologous and implant- based [83].

Presently, based on the evidence reported, sur-
geons contemplating breast reconstruction on a 
young breast cancer patient should consider the 
following: patient’s preferences, cancer prog-
nosis and risk factors; the setting in which the 
surgeon works; resources available; the evidence 
avaiable; and, equally important, the surgeon’s 
technical expertise.

Despite the limited good-quality data regard-
ing the impact of radiation therapy on com-
plication rates between the different types of 
autologous reconstruction, radiation therapy is 
known to affect the complication rates in the set-
ting of any type of reconstruction, but, if feasible, 
autologous breast reconstruction gives better out-
comes. A multidisciplinary approach is the key in 
planning breast reconstruction after mastectomy; 
preoperative multidisciplinary meeting and opti-
mal patient’s selection are of paramount impor-
tance to discuss all the alternatives and choose 
the best options to offer the individual patient.
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Tailoring Chemotherapy 
and Biological Treatment  
in Young Patients with EBC

Dario Trapani and Giuseppe Curigliano

Young breast cancer (YBC) patients seem to 
display unique features, possibly defining a dis-
tinct subtype with specific phenotypical, molecu-
lar, and prognostic characteristics. Moreover, 
a breast cancer diagnosis in a woman under 40 
implies specific issues of care like fertility preser-
vation, genetic risk definition, and psychological, 
sociological, relational topics with a clear impact 
on educational, personal, and career trajectories.

In a series of women with newly diag-
nosed stage I to III breast cancer from National 
Comprehensive Cancer Network, younger 
women were more likely to be nonwhite, more 
educated, and employed or in school. In addi-
tion, YBCs had more advanced stages at diag-
nosis and higher grade, with prevalent luminal 
B, triple- negative, and HER2 (human epidermal 
growth factor receptor 2) subtypes. Accordingly, 
younger women were more likely to receive che-
motherapy compared with the older group [2]. In 
stratified analyses, age ≤40 years was associated 
with statistically significant increases in risk of 
breast cancer death among women with luminal 
A (hazard ratio (HR) 2.1) and luminal B (HR 1.4) 
disease. However, in a subset of patients with 

HER2-overexpressing breast cancer receiving 
adjuvant chemotherapy with or without trastu-
zumab, young age was neither prognostic nor 
predictive of short-term outcomes [3]. Similarly, 
in a fully adjusted model of YBCs, there was no 
difference in survival among women younger 
than 40 years (HR 1, 3), aged 41 to 50 (HR 0.9), 
61 to 70 (HR 0.8), or >70 years (HR 1.0) com-
pared with women aged 51 to 60 years [2].

Some explanations may be provided to justify 
this difference of prognosis. First, chemotherapy- 
induced amenorrhea (CIA) is less likely to occur 
in younger patients. This may have an impact 
on survival of hormone-sensitive breast cancer 
since estrogen deprivation is associated with 
an improved outcome in endocrine-responding 
tumors. Despite differences between studies 
and the retrospective nature of some reports, a 
correlation between survival and CIA has been 
demonstrated repeatedly. In a series of 1103 
women receiving an anthracycline-based regi-
men, patients who achieved amenorrhea had a 
significantly better outcome compared with those 
who did not (+15% of disease-free survival, DFS; 
+21% of overall survival, OS). As expected, the 
incidence of amenorrhea did not show an influ-
ence on survival in the hormone receptor-negative 
subgroup [4].

Further, young age seems to predict a 
decreased adherence to adjuvant endocrine 
therapy [5]. On average, youngest, oldest, non-
white, and mastectomy- treated patients have sig-
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nificantly lower rates of adherence to adjuvant 
tamoxifen prescription; indeed, overall adher-
ence was shown to be decreased up to 50% by 
year 4 of therapy. Adjuvant hormone therapy 
non-adherence, including discontinuation, is 
associated with an increased mortality with an 
estimated decrease of 7% in 10-year survival rate 
for less adherent women.

Importantly, in women with luminal dis-
ease, younger age may have a prognostic sig-
nificance that reflects lower adherence to 
endocrine therapy; a unique biology of tumors 
arising in younger patients may have a role, as 
well. Accordingly, age should not be the single 
decisional parameter to prescribe or recom-
mend an aggressive adjuvant chemotherapy, and 
several prognostic features must be taken into 
account in the treatment planning. Indeed, when 
advising an adjuvant cytotoxic chemotherapy, 
long-term side effect impact on health must be 
balanced against the benefit in terms of breast 
cancer survival gain.

Currently, clinical, pathological, and molecu-
lar factors are invoked in adjuvant chemotherapy 
choice for early YBC: lymph node involvement 
(N), tumor size (T), age, histological grade 
(G), human epidermal growth factor receptor 2 
(HER2), Ki-67 (surrogate of proliferative index), 
estrogen (ER) and progesterone receptor (PgR) 
status, and genomic prognostic signatures of 
recurrence.

10.1  Clinicopathological Features 
of Prognostic Significance

10.1.1  Tumor Size

Tumor size is a recognized independent prognos-
tic factor for breast cancer. In a dataset consist-
ing of 9938 early breast cancer patients with a 
median follow-up of 11  years by the European 
Organisation for Research and Treatment of 
Cancer (EORTC), a subgroup analysis for YBC 
has been performed. At univariate analysis, 
pathological tumor size (T > 2 cm), histological 
grade, estrogen receptor status, and molecular 
subtype were significantly associated with OS 

and distant recurrence-free survival. However, 
at multivariate analysis, molecular subtype was 
more strongly associated with OS and distant 
recurrence-free survival. However, tumor size 
and nodal status remained independent prognos-
tic factors for disease outcome in young breast 
cancer patients [6]. Moreover, in the same series, 
no clear benefit of adjuvant treatment was con-
firmed for small, node-negative YBC (T < 1 cm) 
from adjuvant chemotherapy.

10.1.2  Nodal Status

Lymph node involvement is one of the major 
independent determinants of prognosis.

Breast cancer spreading to regional lymph 
nodes affects cancer-specific OS up to 15% at 
5 years. However, pN1mi metastases (i.e., micro-
metastases greater than 0.2 mm and/or more than 
200 cells, but none greater than 2.0 mm) seem not 
to provide a prognostic change in survival [7], 
and the presence of nodal micrometastases does 
not provide an adjunctive information in adjuvant 
treatment decision.

10.1.3  Grading

Tumor grading defines the growth patterns and 
degree of differentiation of cancer cells, reflect-
ing how closely they resemble normal breast 
epithelial cells. The grading system mostly rec-
ognized and recommended by scientific society 
is the Nottingham Elston-Ellis classification [8].

Tumor grading has been introduced with the 
aim of predicting tumor behavior, as an adjunc-
tive and reproducible feature in prognostic 
considerations and treatment decisions. In the 
Nottingham series [9], histological grade was 
shown to be an independent predictor of sur-
vival, particularly for the hormone-sensitive 
breast cancers not overexpressing HER-2. Thus, 
tumor grading may provide decisional prog-
nostic information for a subgroup of patients in 
which the decision of an adjuvant chemotherapy 
may be controversial such as lymph node-neg-
ative, very young, hormone receptor- positive 
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YBC. However, histological tumor grading sig-
nificance is not universally recognized as a cru-
cial parameter for adjuvant therapy decisions; 
moreover, its evaluation is recommended by 
AJCC, but it does not impact on in breast cancer 
staging according to TNM system [10].

10.2  Multiparametric Tools 
for Prognostic Definition

10.2.1  Adjuvant! Online

A first attempt to evaluate objectively multiple 
prognostic tumor features in order to provide a 
more personalized approach to early breast can-
cer treatment has been provided by Adjuvant! 
Online. Adjuvant! was designed as a Web-based 
tool to estimate the absolute benefit of adjuvant 
treatment for an individual patient. The fac-
tors considered for the estimation are age, con-
comitant comorbidities, ER status, tumor grade 
and size, and lymph node status (Fig.  10.1). 
The referee source arises from a SEER data-
bank. However, when applied to EBC in patients 
younger than 40 years, Adjuvant! overestimated 
OS by 4.2% (p = 0.04) and breast-specific OS by 
4.7% (p = 0.01) [11].

10.2.2  Intrinsic Subtypes 
and Clinicopathological 
Definitions

Breast cancer gene profiling and clustering have 
identified primarily four subtypes, luminal A, 
luminal B, HER2-enriched, and TNBC [12]. 
However, intrinsic molecular subtypes of breast 
cancer are evaluated in clinical practice through 
a surrogate definition of immunohistochemically 
defined subtypes, according to St. Gallen 2013 
(Fig. 10.2).

Luminal A-like tumors are defined as ER- 
and PgR-positive and HER2-negative staining 
with a low proliferation index (Ki-67); luminal 
B-like are ER-positive/HER2-negative or HER2- 
positive with high proliferation index and/or low 
PgR staining. HER2-enriched subtype surrogate 

presents a HER2 overexpression but is negative 
for ER and PgR.  Lastly, triple-negative tumors 
lack the expression of ER, PgR, and HER2. A 
practical proposed threshold for “high and low” 
Ki-67 is 20%, according to the 14th St. Gallen 
expert consensus. However, as discussed for 
tumor grade, the predictive significance of Ki-67 
is often questioned and the role in the adjuvant 
therapy decision not universally accepted; more-
over, its evaluation is not routinely recommended 
by AJCC and it is not considered in breast cancer 
staging according to TNM system [10, 13].

Each intrinsic tumor subtype is associated 
with particular clinical, pathological, demo-
graphic characteristics as well as a specific prog-
nosis. However, the hierarchical clustering of 
breast cancer may have some limitations at the 
single patient level, and further attempts to assess 
the individual risk have been made (Fig. 10.3).

10.2.3  Prosigna Breast Cancer 
Prognostic Gene Signature 
Assay (PAM50)

The first tool for intrinsic subtype definition used in 
a clinical series is PAM50. PAM50 is a quantitative 
real-time 50-gene PCR (qRT-PCR) assay that can 
be performed using RNA extracted from formalin-
fixed, paraffin-embedded (FFPE) archival samples. 
Interestingly, this test has introduced the concept 
of a prognostic signature and, then, the idea to esti-
mate a “risk of recurrence score” (ROR-PT) to be 
applied in clinical series to get prognostic informa-
tion with a possible predictive role, thus assisting 
in the decision for adjuvant chemotherapy.

In a correlative analysis of CALGB (Alliance) 
9741 adjuvant breast cancer trial (2x2 factorial 
dose-dense and sequential anthracycline/taxane 
chemotherapy versus traditional and concomitant 
schedule), the prognostic value of PAM50 intrin-
sic subtype was greater than estrogen receptor/
HER2 immunohistochemistry classification. 
Moreover, proliferation and ROR-PT considered 
as continuous variables were demonstrated to be 
strongly prognostic for tumor relapse. For pro-
liferation score, a 0.5-unit change corresponded 
to an 18% increase in risk of recurrence; for 
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ROR-PT score, a 10-unit change corresponded to 
a 12% increase in risk of recurrence [14].

In the following series, ROR score has been 
categorized as low, intermediate, or high risk. It 
has been shown in TransATAC study that ROR 
score may provide further prognostic information 
for early distant recurrence and add substantial 
prognostic information for late distant recur-
rence. In particular, the inclusion of the ROR 
score resulted in a highly statistically significant 
addition of prognostic information in both node- 
positive and node-negative breast cancer patients 
[15]. However, these data have been obtained in 
postmenopausal breast cancer patients and may 
not be applicable to premenopausal YBC.

10.2.4  Oncotype DX

The 21-gene recurrence predictive tool is one 
of the most widely used assays for hormone-

sensitive breast cancer recurrence prediction. 
Oncotype DX has been validated in a prospec-
tive clinical trial both in pre- and postmenopausal 
women, ER-positive and node-negative, thus 
offering a prognostic tool useful for YBC.

The 21-gene assay is based on a reverse tran-
scription polymerase chain reaction (RT-PCR) 
on RNA isolated from paraffin-embedded breast 
cancer tissues.

Oncotype DX has been validated in population 
of patients enrolled in the NSABP B-14 trial of 
adjuvant tamoxifen in 668 patients with available 
archival tissue [16]. The 10-year distant recur-
rence risk for patients treated with  tamoxifen was 
7% for those with a low recurrence score (RS), 
14% for those with an intermediate RS, and 31% 
for those with high RS.

The value of Oncotype DX has been proven 
in a prospective clinical trial, TAILORx (the 
Trial Assigning Individualized Options for 
Treatment (Rx)). In this study, more than 30% of 

Oncotype Dx MammaPrint PAM50 Adjuvant!online

Method Reverse transcription
polymerase chain
reaction (RT-PCR)

DNA microarray Quantitative real-time
PCR (qRT-PCR)

Web-based risk-
assessment
programme

Variables for
prognostic risk
definition

70 genes 50 genes Age
Comorbidity
ER status
Tumor grade
Tumor size
Positive nodes

Histological
sample

formalin-fixed,
paraffin-embedded
(FFPE)

Fresh frozen tissue formalin-fixed,
paraffin-embedded
(FFPE)

Pathological report
according to
ASCO/CAP guidelines

Risk score RS (low,int, high) Prognostic signature
(good, poor)

Definition of molecular
Intrinsic subtypes

ROR-PT (low,int, high)

Estimates 10-years DFS
and OS

21 genes

Fig. 10.2 Definition of breast cancer subtypes. Intrinsic 
subtypes can be defined by genomic assays only (i.e., 
PAM50). Clinical grouping table reports the clinicopatho-
logical definition according to 2011 St. Gallen Consensus. 
On the right, a new proposal from St. Gallen 2017 refines 
the HR-positive, HER2-negative disease definition 
according to clinicopathological and molecular risk of 
recurrence through multiparametric genomic tests. Some 
genomic tests report an intermediate risk score of recur-

rence (i.e., Oncotype DX), while other tests contemplate a 
“good” and a “poor” signature (i.e., MammaPrint). Tumor 
histological grade is defined according to Elston-Ellis 
modification of the Scarff-Bloom-Richardson grading 
system (Nottingham grading system). HR hormone recep-
tor, HER2 human epidermal growth factor receptor 2, ER 
estrogen receptor, PgR progesterone receptor. Ki-67 is 
intended as MIB1 labeling index
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the patients were premenopausal and 5% under 
40 years. The trial enrolled pre- and postmeno-
pausal, ER-positive and HER2-negative breast 
cancer patients with tumors of 1.1–5.0 cm in the 
greatest diameter (or 0.6–1.0  cm if intermedi-
ate and high tumor grade) who met established 
guidelines for the consideration of adjuvant 
chemotherapy on the basis of clinicopathologi-
cal features. Patients were assigned to receive 
endocrine therapy without chemotherapy if they 
had a recurrence score of 0–10 (low RS), indicat-

ing a very low risk of recurrence [17]. In the low 
RS cohort, the rate of invasive disease-free sur-
vival at 5 years was 93.8%; the rate of freedom 
from recurrence of breast cancer at a distant site 
at 5 years was 99.3%, the rate of freedom from 
recurrence at 5 years was 98.7%, and the rate of 
overall survival at 5  years was 98.0%. Thus, a 
low RS is able to detect an excellent prognostic 
group of ER-positive and node-negative breast 
cancer patients who can be treated with surgi-
cal resection (and radiation therapy, if indicated) 

T-stage 1.1 to 5.0 cm in the
greatest diameter (or
0.6 –1.0 if
intermediate and
high tumor grade) 

-pT1-4 (node
positive)

-T>2cm (high risk,
node negative)

T1-T3

N-stage Node negative Node positive and
high-risk node
negative tumors

Node negative and 1-3 N+ (pN1)

Outcome RS<11 group:
(5-year)
-IDFS: 93,8%
-DDFS:99,3%
-OS: 98%

RS ≤ 11 group:
(3 year)
-DFS:98%

RS 12-25:
-DFS:98%

RS>25:
-DFS:92%

Discordant group (high clinical risk and
low genomic risk ):
-CT+HT → MFS (5 years): 95,9%
-HT → MFS: 94,4%

TAILORx Plan B MINDACT

Multiparametric
test

Mamma Print

Risk score
definition

RS: 
-Low (<11)
-Intermediate (11-25)
-High (>25)

RS: 
-Low (≤11)
-Intermediate(12-25)
-High (>25)

Prognostic signature: 
-Good
-Poor

Study design -Lowrisk: HT
-Intermediate risk: HT
 vs CT+HT
-High risk: CT + HT

-Lowrisk: HT
-Intermediate and
 High risk: CT + HT

-low clinical and genetic risk: HT
-high clinical and genetic risk: CT + HT
-discordant genetic and clinical risk: HT Vs
CT+HT

Study population 30-36% are
premenopausal

5% are under 40
years

Median age: 56 years 1,8% are under 35 years 

34% are under 50 years

Oncotype DX

Fig. 10.3 Clinicopathological and molecular tools of 
clinical utility for the definition of recurrence risk in 
ER-positive/HER2-negative breast cancer. RS recurrence 

score, ROR-PT risk of recurrence score, ER estrogen 
receptor, DFS disease-free survival, OS overall survival
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and adjuvant endocrine therapy alone, omitting 
systemic chemotherapy. Interestingly, this prog-
nostic tool may spare excessive cytotoxic adju-
vant chemotherapy that would offer a minimal 
or no survival benefit and a certain toxicity. In 
the population of low RS, breast cancer had a 
median tumor diameter of 1.5 cm, an intermedi-
ate grade, and ER-positive staining; in clinical 
decision- making, without considering Oncotype 
DX score, these patients may represent a major 
challenge in advising for adjuvant chemother-
apy, particularly for premenopausal and very 
young patients. For patients with midrange 
recurrence score of 11–25 (intermediate RT), 
hormonal adjuvant therapy was non-inferior to 
chemotherapy combined with endocrine therapy, 
with regard to the invasive disease-free survival 
and OS, around 84% and nearly 94% at 9 years, 
respectively [18]. However, the subgroup analy-
sis of the patients younger than 50 years with a 
RS in the range 16–25 revealed a possible clini-
cal relevant benefit from chemotherapy, gener-
ating a hypothesis to refine the prognostic and 
predictive characterization across the continuous 
RS. Eventually, recurrence score offers an objec-
tive tool for treatment decisions and de-escalation 
choice in low RS and certain intermediate RS 
YBC patients. In a phase 3 clinical trial by West 
German Study Group (PlanB), female patients 
with node-positive or high-risk (T2, grades 2 and 
3, or age < 35 years old) node-negative HER2- 
negative early breast cancer, after adequate 
surgical treatment, with no evidence of distant 
metastases, were enrolled to receive an adjuvant 
chemotherapy. After an ad hoc amendment, che-
motherapy was omitted on the basis of RS ≤ 11, 
corresponding to 15.3% of pN0 breast cancers. 
For node-negative and 1 to 3  N+ patients with 
low RS, PlanB results confirm the TAILORx 
conclusions, in a node-negative patient cohort: 
only 2% of the patients had a recurrence within 
3 years in the low RS (≤11) group and no che-
motherapy, despite being high risk by traditional 
parameters and possibly candidate to an adju-
vant systemic cytotoxic candidates for chemo-
therapy. These results, indeed, provided the first 
prospective data in patients with both node-neg-
ative and node- positive breast cancer where RS 

results had been used in decision-making. Also, 
a high 3-year DFS (98%) in chemotherapy-
treated patients with intermediate RS (12 to 25) 
and poorer 3-year DFS (92%) in chemotherapy-
treated patients with RS >25 were reported [19]. 
In an attempt to complete the picture, an ongoing 
clinical trial is addressing the same question for 
node-positive (1–3 positive nodes) breast can-
cer with a RS ≤25 (RxPONDER Trial, Rx for 
Positive Node, Endocrine-Responsive Breast 
Cancer, NCT01272037).

10.2.5  MammaPrint

The MammaPrint (70-gene signature) assay uses 
microarray technology to identify high- and low- 
risk signatures of tumor recurrence in two groups, 
“good” and “poor” prognoses. MammaPrint has 
been preliminarily validated by an independent 
consortium (TRANSBIG), in a network of 40 
partners and 21 countries [20]. In the multivariate 
analysis, MammaPrint provided the most valu-
able prognostic information for N0 early-stage 
breast cancer patients compared with traditional 
clinicopathological criteria.

MINDACT (Microarray In Node-negative 
and 1–3 positive lymph node Disease may Avoid 
ChemoTherapy) evaluated MammaPrint in a 
prospective trial to define the prognostic and 
predictive role of this genomic signature. The 
trial enrolled patients with T1–T3 (operable) 
ER-positive, HER2-negative breast cancer with 
up to three positive axillary lymph nodes (pN0, 
pN1), to receive adjuvant chemotherapy and endo-
crine therapy (high clinical and genomic score) or 
endocrine therapy alone (low clinical and genomic 
score). Clinical risk of recurrence was evaluated 
according to Adjuvant! Online tool, considering 
tumor size, grading, age, and lymph node involve-
ment; 70-gene signature was used to determine the 
genomic risk or recurrence. Patients with discor-
dant results for clinical and genomic score were 
randomized to receive chemotherapy followed 
by hormone therapy or no chemotherapy. Around 
2% of the patients were less than 35  years old 
and almost one third of the population was under 
50 year.
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In the discordant group of patient with high 
clinical risk (candidate for adjuvant chemo-
therapy) and low genomic risk, chemotherapy 
administration provided an adjunct 1.5% in 
5-year metastasis-free survival (95.9% versus 
94.4%, HR 0.78; p = 0.27). However, MINDACT 
demonstrated that the use of a genomic risk strat-
egy might reduce the use of adjuvant chemother-
apy up to 46% of cases, with an overall survival 
rate of 94.7% at 5 years in patients not receiving 
adjuvant chemotherapy. On this point, the low 
genomic risk group consisting of 48% of node-
positive patients, 93% of grade 2 and 3 tumors 
in patients younger than 50 years in one third of 
the cases, thus refining the patients’ selection for 
adjuvant treatment decisions in some apparently 
clinical high-risk tumors [21].

The clinical implementation of genomic tools 
for risk prediction in breast cancer patients repre-
sents now a challenging area for clinicians, in the 
selection of the most appropriate tool according 
to the clinical presentation. Some of these tools 
have been validated only in postmenopausal 
patients, and the extrapolation for premenopausal 
indications should not be automatic and is truly 
discouraged. However, though results are emerg-
ing from different approaches for the predic-
tion of the risk, like EndoPredict/EPclin, Breast 
Cancer Index, Mammostrat, MammaTyper, 
BreastPRS, or BreastOncPx, few have been 
specifically validated in premenopausal patients 
[22]. EPclin, for instance, was built as a compos-
ite tool that includes the prognostic information 
retrieved from the EndoPredict 8-gene mRNA- 
based assay and selected clinicopathological fea-
tures, namely, tumor dimension and lymph node 
involvement, in an attempt to integrate classical 
and novel prognostic information. The thresh-
old to discern high and low risk of recurrence is 
for EPclin Risk Score 3.3 [23]. The validation 
of the tool relies on the GEICAM 9906 cohort, 
where more than half of the sensitive popula-
tion was premenopausal. Patients diagnosed with 
tumors scored lower than 3.3 showed an abso-
lute reduced risk of distant metastasis of 28%. 
Moreover, the use of Breast Cancer Index, an 
11-gene-expression-based assay, was developed 
to provide information on both early and late 

recurrence, potentially informing on decisions 
regarding extended adjuvant hormone treatment 
in the higher-risk breast cancer population [24].

10.3  HER2-Overexpressing  
Breast Cancer

Adjuvant treatment for HER2-overexpressing 
YBC follows the general recommendations for 
breast cancer treatment. HER2-targeting agents 
in the adjuvant setting have not provided differ-
ent benefits in premenopausal and postmeno-
pausal women, keeping a survival benefit in 
young patients, as well [3].

10.3.1  ExteNet

ExteNet is a randomized, multicenter, placebo- 
controlled phase 3 trial of anti-HER2 treatment 
extension with neratinib for 1 year, after 1 year 
of trastuzumab as adjuvant therapy in HER2- 
overexpressing early breast cancer. The study 
population consist of about 40% of patients under 
50  years of age of which 4% were very young 
women (<35  years); indeed, nearly 50% of the 
population was premenopausal. After 2  years 
from the randomization, neratinib appeared to 
provide an improvement in invasive disease-free 
survival (HR = 0.67; p = 0.0091). An absolute gain 
of 2.3% in 2-year DFS was shown. According to a 
pre-specified subgroup analysis, neratinib added a 
clear advantage in DFS in ER-positive breast can-
cer (HR 0.51; p = 0.0013) but not in ER-negative 
disease (HR 0.93; p = 0.74). However, neratinib 
treatment was characterized by diarrhea as the 
most common treatment adverse event: up to 
40% of the population exposed to the experimen-
tal compound had a grade 3 diarrhea event and 
33% a grade 2 event. This inconvenient safety 
profile might have affected therapy adherence, 
thus reducing neratinib median dose intensity to 
82% versus 98% in the placebo group [25]. On 
this topic, an interesting supportive care experi-
ence to increase the compliance to the treatment 
with neratinib has been conducted in a phase 2 
trial [26]. Prophylactic treatment with loperamide 
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and budesonide has been shown to reduce the rate 
of grade 3 diarrhea by 25% with a decrease of all-
grade diarrhea of 30%.

10.3.2  APHINITY

The APHINITY trial intended to demonstrate 
an advantage in survival by incorporating per-
tuzumab to standard adjuvant treatment with 
chemotherapy and 1-year trastuzumab in early 
HER2-overexpressing breast cancer. Nearly 14% 
of the patients enrolled were under 40 years old; 
4805 patients were randomized in a 1:1 design to 
standard or double blockade containing adjuvant 
regimen. After 3 years from randomization, 94.1% 
of pertuzumab-treated patients were disease- free, 
with an absolute advantage of 0.9% over trastu-
zumab-only treatment group (HR 0.81; P = 0.045). 
The improvement was more pronounced in 
patients with node-positive and hormone receptor-
negative disease, with an absolute difference of 
1.8% and 2.3%, respectively. However, OS data 
were not mature at the first interim analysis [27].

10.3.3  De-intensified Regimens

The only positive published trial of treatment de- 
intensification for HER2-overexpressing early 
breast cancer was provided by Tolaney et  al., 
in the APT trial [28]. Treatment consisted of an 
anthracycline-free regimen of weekly paclitaxel 
and trastuzumab for 12 weeks followed by trastu-
zumab for 12  months of total anti-HER2 expo-
sure. Patients enrolled in this single-arm trial were 
pT1c in 42% of cases with the majority of tumors 
smaller than 2  cm (more than 90%) and node-
negative disease. Although stage I HER2- positive 
early breast cancers are considered as good prog-
nosis, a minimal risk of recurrence remains and 
adjuvant trastuzumab-containing regimen is 
advised. The 3-year primary analysis showed a 
disease-free survival rate of 98.7%. A subsequent 
analysis demonstrated a 7-year DFS of 93.3% 
[29]. A better prognosis for ER-positive disease 
has been described with an adjunct 3.9% in sur-
vival over ER-negative disease. More recently, the 

long-awaited results of the PERSEPHONE trial 
have been presented, revealing the non-inferiority 
of 6 months’ versus standard 12 months’ exposure 
to trastuzumab in breast cancer patients, as adju-
vant treatment [30]. Subgroup analysis suggested 
a possible role of shorter trastuzumab treatment 
in lower-risk HER2 positive patients. However, a 
half of the patients enrolled received a regimen 
containing anthracycline plus taxane and only 
10% were spared anthracyclines. Accordingly, 
data on 6-month trastuzumab associated with 
shorter adjuvant cytotoxic chemotherapy with-
out anthracyclines (i.e. weekly paclitaxel for 12 
administration) cannot be recommended, and 
patients eligible to shorter trastuzumab should 
receive a standard 6-month chemotherapy.

10.4  Triple- Negative  
Breast Cancer

In the absence of clinically validated pharma-
cological targets, cytotoxic chemotherapy is the 
only adjuvant therapy option including anthracy-
clines, taxanes, alkylators, anti- metabolites, and 
platinum compounds. Though young patients 
presenting with triple-negative breast cancer are 
more likely to be carriers of a germline mutation 
of the BRCA genes, the use of targeted agents 
blocking the poly (ADP-ribose) polymerase in 
the early setting is not yet supported by clini-
cal trials, failing to show an increase in tumor 
response in the neoadjuvant setting, when com-
bined with poly-chemotherapy [31]. Indeed, in 
an attempt to optimize the delivery of cytotoxic 
chemotherapy and improve patient outcomes, 
dose-dense regimens have been increasingly 
implemented, relying on the concept that a nar-
rower chemotherapy-free interval reduces the 
cancer re-growth and population of resistant 
clones, as modeled in the study of Gompertzian 
kinetics [32]. In accordance, a recent individual 
patient data meta-analysis from the Early Breast 
Cancer Trialists’ Collaborative Group (EBCTCG) 
showed a significant reduction of breast cancer 
recurrence, including triple-negative subtype, 
with the use of a 2-week instead of the standard 
3-week schedule, reporting an absolute reduction 
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in breast cancer mortality of +2, 3% at 10 years 
[33]. These data support the consideration of a 
dose-dense regimen in selected YBC patients.

10.4.1  CREATE-X

The CREATE-X trial was designed to test the 
role of extending post-surgical chemotherapy 
with capecitabine in patients who had received 
neoadjuvant chemotherapy for HER2-negative 
early breast cancer and did not achieve a patho-
logical complete response. Nine hundred ten 
patients were enrolled of which nearly 60% 
were premenopausal. The trial was terminated 
early for benefit. The final analysis showed 
an absolute gain in DFS of 6.5% by extend-
ing adjuvant treatment with capecitabine after 
5  years of observation (HR 0.70; P  =  0.01). 
Similarly, an increase in OS was evident with 
89.2% of capecitabine group patients alive at 
5 years versus 83.6% in the control group (HR 
0.59; p = 0.01). In the subtype analysis, triple-
negative breast cancer patients appeared to get 
the greatest benefit from capecitabine treatment 
with an absolute gain in DFS of 13.7% (HR 
0.58) and of 8.5% in OS. In the subgroup analy-
sis, the magnitude of the benefit was preserved 
in premenopausal women as well as in patients 
under 50 years of age [34].

10.4.2  Very Early TNBC

Stage I breast cancer comprises a heteroge-
neous group of patients with small (<1  cm) 
node- negative tumors with a recognized excel-
lent prognosis. However, subtype considerations 
must be done among pT1a and pT1b tumors. In a 
large cohort of patients, Vaz-Luis et al. examined 
prospectively a cohort of breast cancer patients 
within the National Comprehensive Cancer 
Network Database, including 4113 women with 
T1a and T1b pN0 breast cancer. TNBC pT1a 
patients showed a 5-year DFS of 93% after 
locoregional treatment, without a systemic cyto-
toxic chemotherapy [35]. According to these and 
similar data, the 16th St. Gallen panelists almost 
unanimously recommended against routine pre-

scription of adjuvant chemotherapy in pT1a pN0 
TNBC, regardless of proliferation index (Ki-
67), grading, and age. By pT1b breast tumors, 
adjuvant treatment must be discussed taking into 
account adverse pathological and demographic 
features. Therefore, one must consider the risk 
of death during breast cancer adjuvant chemo-
therapy (less than 1%) and a non-negligible risk 
of hospitalization for adverse events manage-
ment related to systemic chemotherapy against 
the absolute benefit in terms of survival gain. In 
this age group, long-term side effects of adjuvant 
chemotherapy should also be part of the treat-
ment decision algorithm.

10.5  Conclusions

Tailoring adjuvant treatment for early breast 
cancer in young patients is a major issue 
(Fig. 10.4). Young age must not be considered 
alone as the single feature to decide for an 
aggressive systemic treatment in breast can-
cer women. A multiparametric evaluation of 
the disease, taking into account demographic, 
pathological, and molecular characteristics, 
must be considered. A strategy of intensification 
and de-intensification has to be tailored for the 
individual patient, never forgetting that often an 
escalation strategy may be complicated by side 
effects, both mild and severe.

Currently, molecular-based tools can offer an 
additional decisional parameter in some chal-
lenging clinical settings, thus providing a crucial 
refinement for a personalized approach.

Settings of possible intensification and de- 
intensification of adjuvant systemic therapies 
vary across different breast cancer subtypes, as 
depicted above. Further results are awaited from 
ongoing clinical trial of (neo)adjuvant treatment 
in early YBC, both in the escalation and de- 
escalation direction in terms of extension (more 
time), intensification (more drugs, higher dose), 
and de-intensification (less treatment or omis-
sion). Therefore, further studies are warranted 
in terms of epidemiological evidences, special 
settings management, prospective results from 
targeted approaches, and innovative clinical trial 
designs with stronger academic translational 
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background in order to spare futile or noxious 
treatments.
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Endocrine Treatment of Young 
Patients with EBC

Olivia Pagani

11.1  Introduction

Despite several series have shown young women 
are more likely to develop breast cancer sub-
types associated with unfavorable prognosis 
[1–5], premenopausal women have hormone 
receptor-positive (HR+) disease in about 60% 
of cases [3] and early stages at diagnosis in the 
majority of cases [4]. A significant and growing 
proportion of young patients with HR+ breast 
cancer, treated with modern adjuvant endocrine 
therapy (ET), with or without chemotherapy, 
have excellent long-term outcomes. The oncolo-
gist is therefore challenged to precisely assess 
the risk of relapse according to currently avail-
able predictive and prognostic factors in order to 
offer the most appropriate therapeutic option to 
the individual patient, considering also potential 
side effects, quality of life (QoL), family plan-
ning, and patient’s preferences. The definition 
of the individual risk of recurrence by clinical, 
immunohistochemical, and genomic parameters, 
when available, can identify patients more likely 
to benefit from the different treatment strategies. 
Age, nodal status, tumor size, degree of HR posi-

tivity, human epidermal growth factor receptor 2 
(HER2) expression, and proliferation (defined by 
either Ki67 or grade) are essential components of 
the risk algorithm.

Premenopausal women are underrepresented 
in the clinical studies evaluating the prognostic 
information of gene expression signatures, par-
ticularly in node-positive disease [6, 7]. In the 
TAILORx study [8], only 4% of women in the 
low-risk group were <40  years: nonetheless, 
women belonging to the low-risk score group, 
who received ET alone, had an excellent outcome 
[99% 5-year distant recurrence-free interval 
(DRFI)]. In the MINDACT trial [9], only 6.2% 
of the study population was <40 years, 1.8% <35 
years: patients who were at high clinical but low 
genomic risk had a 94.7% 5-year DRFI with ET 
alone. These small numbers prevent to clearly 
estimate the efficiency of gene expression sig-
natures to discriminate young women with low- 
versus high-risk of recurrence [10], especially in 
node-positive disease: additional data are eagerly 
needed, but the available evidence reinforce the 
concept that not all young women with HR+ dis-
ease deserve adjuvant chemotherapy and their 
prognosis can be excellent with ET alone.

Tamoxifen for 5 years has been the standard 
adjuvant ET in young women for decades [11]. In 
the last few years, the range of adjuvant endocrine 
strategies in young women with EBC has broad-
ened: in particular, the extension of tamoxifen 
to 10 years and the addition of ovarian function 
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suppression (OFS) to tamoxifen or aromatase 
inhibitors (AIs) have been incorporated in the 
standard therapeutic armamentarium [10, 12–14]. 
Single- agent AIs are contraindicated in premeno-
pausal women because of the loop stimulation 
of ovarian function through the increase of the 
hypothalamic secretion of GnRHs [15]. Current 
recommendations [10, 12–14] are mostly based 
on the Suppression of Ovarian Function Trial 
(SOFT) and Tamoxifen and Exemestane Trial 
(TEXT) (Fig. 11.1) study results [16, 17]. TEXT 
was designed to evaluate 5 years of exemestane 
plus the gonadotropin-releasing hormone agonist 
(GnRHa) triptorelin versus tamoxifen plus trip-
torelin. SOFT was designed to evaluate 5 years of 
exemestane plus OFS versus tamoxifen plus OFS 
versus tamoxifen alone. In TEXT-SOFT duration 
of both oral ET and OFS was 5 years [18].

Treatment decisions in the individual patient 
should therefore accurately weigh benefits 
against side effects: absolute outcome improve-
ments from different ETs may better assist clini-
cians to select the optimal strategy. A continuous, 
composite measure of recurrence risk (incorpo-
rating age, nodal status, tumor size and grade, 
HR and Ki67 expression levels) was developed 

in the TEXT-SOFT HER2- population (4891 
women) [19]. Differential treatment effects on 
the 5-year breast cancer-free interval (BCFI) 
emerged according to the composite risk level. 
The 5-year BCFI in the overall population was 
90.8% but ranged from 98.6% to 77.5% among 
patients with lowest and highest composite risk, 
respectively. In the lowest-risk group, patients did 
well with all treatments, whereas patients in the 
highest risk group experienced a 15% improve-
ment by escalating ET.

Adjuvant chemotherapy may also exert an 
indirect endocrine effect in HR+ breast can-
cer through the induction of OFS.  A recent 
meta-analysis demonstrated that chemotherapy- 
induced amenorrhea (CIA) is associated with 
improved DFS in HR+ patients [relative risk 
(RR), 0.73; 95% CI, 0.61–0.88; P = 0.001] and 
OS (RR, 0.60; 95% CI, 0.50–0.72; P < 0.001), 
irrespective of nodal status, type of chemother-
apy, and ET [20].

In SOFT-TEXT patients with HER2+ tumors, 
according to local pathology, were a minor-
ity of the enrolled population (12% and 14.0%, 
respectively). HER2-targeted therapy was given 
in 54% of HER2+ women; its timing was after 

Premenopausal women with HR positive early breast cancer

Exemestane + OFS
(n=1338)

Tamoxifen + OFS
(n=1334)

Combined analysis (n=4690) Primary analysis (n=2033)

Exemestane + OFS
(n=1021)

Tamoxifen + OFS
(n=1024)

Tamoxifen
(n=1021)

Randomisation

TEXT
• _<12 weeks after surgery
 if no chemotherapy planned
• Planned OFS
 (to start with chemotherapy,
 if given)

• _<12 weeks after surgery
 if no chemotherapy planned
 OR
• Remain premenopausal
 _< 8 months after the end of
 chemotherapy

SOFT

Fig. 11.1 SOFT and TEXT study designs
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randomization in TEXT, whereas most SOFT 
patients completed it before randomization. 
Further investigation is therefore required (e.g., 
after central assessment of HER2 status) before 
HER2 status is used for selection of ET.

This chapter will illustrate and discuss the dif-
ferent ETs according to a pragmatic definition 
of the risk of relapse (Table 11.1), in  particular 
indications and side effects of escalating ET 
from tamoxifen to tamoxifen-OFS, AIs-OFS, and 
extended ET. The outcomes in the HER2+ popu-
lation are briefly discussed separately.

11.2  Patients at Low-Risk 
of Relapse

Tamoxifen alone is still considered the stan-
dard of care in patients at low-risk of relapse 
(Table 11.1). In the Early Breast Cancer Trialists’ 
Collaborative Group (EBCTCG) 2011 meta- 
analysis [11], 5 years of tamoxifen compared to 
no ET was associated with an absolute 15-year 
risk reduction of 13.2% in breast cancer recur-
rence and of 9.2% in breast cancer mortality, 
regardless of age, the use of chemotherapy, and 
nodal status. The 5-year results of the SOFT 
trial [16] (n = 3066) showed that escalating ET 
by adding OFS to tamoxifen did not provide a 
significant benefit in the overall study popula-
tion. In particular, among low-risk patients, in 
whom chemotherapy was not deemed indicated, 
the 5-year BCFI was >95% with either treatment, 
with few distant recurrences. The updated results, 
after a median follow-up of 8 years, show, in the 
overall population, a significant 4.4% absolute 
improvement in disease-free survival (DFS) by 
the addition of OFS to tamoxifen (83.2% versus 
78.8%, hazard ratio (HR) 0.76; 95% CI, 0.62 to 

0.93; P  =  0.009) [21]. Among low-risk HER2- 
patients who did not receive chemotherapy, the 
absolute improvements in disease outcomes 
are summarized in Table 11.2. In particular, the 
BCFI was improved by 1.3% in patients receiv-
ing tamoxifen- OFS compared to tamoxifen alone 
(93.3% and 92.0%, respectively). There have 
been few distant recurrences in these low-risk 
patients and >98% were alive in each treatment 
group (Figs. 11.2 and 11.3).

The small Eastern Cooperative Oncology 
Group (ECOG) trial 3193 (n  =  345) also com-
pared tamoxifen and tamoxifen-OFS for 5 years 
in women with small (<3  cm) node-negative 
tumors who did not receive adjuvant chemother-
apy [22]. With a median follow-up of 9.9 years, 
there was no significant difference between arms 
for both the 5-year DFS (87.9% v 89.7%; log- 
rank P  =  0.62) and OS (95.2% versus 97.6%; 
log-rank P = 0.67).

Tamoxifen alone should therefore continue to 
be the preferred ET choice in low-risk women.

11.3  Patients at Intermediate- 
Risk of Relapse

The definition of clinical intermediate-risk of 
relapse (Table  11.1) is challenging and arbi-
trary. Overall, for these women, the benefit of 
exemestane- OFS over tamoxifen with/without 
OFS was moderate, approximately 5% at 5 years, 
requiring an individualized and balanced discus-

Table 11.1 Clinical risk of relapse

Low-risk pT1a-b, pN0, G1 and/or low Ki67 
(≤20%), high receptors

Intermediate-
risk

pT1c-pT2, pN1a, G1-2 and/or 
intermediate Ki67 (20–30%), 
high-intermediate receptors

High-risk pT3-pT4, pN2-pN3, G3 and/or high 
Ki67 (>30%), intermediate to low 
receptors

Table 11.2 8-year absolute disease improvements in 
SOFT low-risk HER2 patients

No chemotherapy
% of absolute 
improvement

DFS
T + OFS 90.6% 3.2
T 87.4%
BCFI
T + OFS 93.3% 1.3
T 92.0%
DRFI
T + OFS 98.0% 0.1
T 97.9%
OS
T + OFS 98.4% −0.7
T 99.1%
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sion of benefits and adverse effects. Of note, 
women with the higher composite risk in this 
cohort who did not receive chemotherapy experi-
enced an absolute benefit of approximately 10% 
with exemestane-OFS versus tamoxifen- OFS 
with a 5-year BCFI >95% [19], questioning the 

universal addition of adjuvant chemotherapy 
when effective combined ET is given. The out-
comes in patients with intermediate-risk scores 
(11 to 25) randomized to receive ET alone or 
chemotherapy plus ET in the TAILORx study 
seem to differ according to age [23]. While in the 
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overall group there was no benefit of adding che-
motherapy to ET alone, an unplanned subgroup 
analysis showed a 6.5% improvement in distant 
recurrence rates at 9 years for patients <50 years 
who had a recurrence score between 21 and 25 
and were randomized to receive chemotherapy, 
with no difference in OS. These results need to be 
interpreted with caution, considering in particu-
lar the post hoc unplanned nature of the analy-
sis and that almost every premenopausal woman 
in the trial received tamoxifen alone (13% only 
received OFS). The results of the RxPONDER 
trial (NCT01272037), randomizing women with 
pN1a disease and a recurrence score <25 to ET 
alone or chemotherapy plus ET, will help better 
clarifying the role of adjuvant chemotherapy in 
addition to modern ET.

11.4  Patients at High-Risk 
of Relapse

Treatment escalation in patients at high-risk of 
relapse (Table 11.1) has been the subject of sev-
eral studies [24], and the role of OFS in addition 
to oral ET has been debated for decades [25]. The 
proper identification of women most likely to ben-
efit from treatment escalation is still challenging 
[26]. In SOFT, the absolute 8-year improvements 
in disease outcomes in HER2- high-risk patients 
(n = 2.586) are summarized in Table 11.3. In par-
ticular, DFS was improved by 11.2% among those 
treated with exemestane- OFS (83.1%) versus 
those under tamoxifen alone (71.9%) and DRFI 
by 6.0% (86.8% and 80.8%, respectively) [21] . In 
TEXT-SOFT, the absolute 8-year improvements 
in disease outcomes in HER2-patients (n = 4035) 
are summarized in Table 11.4. The analysis con-
firmed sustained benefits of exemestane-OFS; 
the DFS rate was improved by 5.4% (88.1% and 
82.7%, respectively) and DRFI by2.1% (91.8% 
and 89.7%, respectively) in women who received 
exemestane- OFS compared to tamoxifen-OFS 
[21] (Table  11.4). Distant relapse has a great 
impact on breast cancer outcomes: a retrospec-
tive cohort study showed median time to all-cause 
mortality was significantly longer in women with 
locoregional recurrence than in those with distant 
metastases (6.4 versus 3.4  years, respectively) 

[27]. In addition, 10-year survival of women 
with local recurrence was 56%, compared with 
9% in those with distant recurrence [28]. Distant 
recurrence in a premenopausal woman influences 
her QoL, family, and personal fulfillments and is 
associated with significant health-economic bur-
den [29]. In the HER2-chemotherapy cohort in 
SOFT, OS at 8 years was improved by 3.5% in 
the exemestane-OFS group (88.7%) and by 2.5% 
in the tamoxifen-OFS group (87.7), compared 
to the tamoxifen group (85.2%) (Table 11.3). In 
the HER2-chemotherapy cohort in TEXT-SOFT, 
the 8-year DRFI was improved by 5.0% (TEXT) 

Table 11.4 8-year absolute disease improvements in 
TEXT-SOFT HER2- patients

Overall population
% of absolute 
improvement

DFS
E + OFS 88.1% 5.4
T + OFS 82.7%
BCFI
E + OFS 90.1 5
T + OFS 85.1
DRFI
E + OFS 91.8% 2.1
T + OFS 89.7%
OS
E + OFS 94.0% 1.0
T + OFS 93.0%

Table 11.3 8-year absolute disease improvements in 
SOFT high-risk HER2- patients

Chemotherapy 
cohort

% of absolute 
improvement versus T

8-y DFS
E + OFS 83.1% 11.2
T + OFS 73.9% 2.0
T 71.9%
8-y BCFI
E + OFS 84.8% 10.1
T + OFS 76.3% 1.6
T 74.7%
8-y DRFI
E + OFS 86.8% 6.0
T + OFS 79.8% −1
T 80.8%
8-y OS
E + OFS 88.7% 3.5
T + OFS 87.7% 2.5
T 85.2%
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and 7.0% (SOFT) among women assigned to 
exemestane-OFS compared to tamoxifen-OFS 
(Fig. 11.4). Knowing all patients would receive 
OFS in TEXT, whereas in SOFT OFS was 
administered by random assignment, possibly 
influenced patient selection for chemotherapy. 
For instance, more young patients (<40 years) 
(47.8% and 28.4%, respectively) and patients 
with node-negative disease (41.5% and 31.4%, 
respectively) received chemotherapy in SOFT 
than in TEXT, whereas over 20% of patients who 
received ET alone in TEXT had 1–3 positive 
nodes. The higher risk characteristics of women 
receiving adjuvant chemotherapy in SOFT can 
partly explain the slightly different absolute 
improvements compared to TEXT.

OS was 94.1% (95%CI, 92.9% to 95.1%) 
among patients assigned to exemestane-OFS and 
93.4% (95%CI, 92.1% to 94.5%) among those 
receiving tamoxifen-OFS (HR 0.86; 95%CI, 
0.68 to 1.10). SOFT-TEXT OS results differ 
from those of the Austrian Breast and Colorectal 
Cancer Study Group (ABCSG) 12 trial, which 
randomized 1803 premenopausal patients to 
3 years of goserelin plus tamoxifen or anastrozole 
[30]. After 94.4 months of median follow-up, no 
DFS difference between treatments was reported, 
but a higher risk of death for anastrozole-treated 
patients was observed (HR = 1.63; 95% CI 1.05–
1.45; p = 0.03). In SOFT-TEXT in contrast, no 
overall difference has emerged in the 8-year OS 
rate between study arms (HR 0.98; 95%CI, 0.79 
to 1.22). ABCSG-12 and SOFT-TEXT have sev-
eral differences which can potentially explain 
these results: in particular, in the Austrian trial, 

the statistical power was lower (half the number 
of events), lower risk patients were enrolled (75% 
T1, 65% N0, only 10% received chemotherapy) 
and treatment duration was only 3 years, which is 
not the current standard of care for oral ET.

Very young women (<35  years) have his-
torically poor outcomes, with increased rates of 
both local and distant recurrence [1, 5]. In high-
risk HER2- <35  years old patients enrolled in 
SOFT (n = 240), the 5-year BCFI was improved 
by 8.8% in patients receiving tamoxifen-OFS 
(75.9%) and by 16.1% in women receiving 
exemestane-OFS (83.2%), compared to tamoxi-
fen alone (67.1%). In TEXT HER2- patients 
(n = 145), 5-year BCFI was improved by 2.4% 
in patients treated with exemestane (81.6%) 
compared to tamoxifen (79.2%) [31]. Overall, in 
SOFT the updated 8-year DRFI was substantially 
improved in very young patients by escalating 
ET from tamoxifen (73.8%) to tamoxifen-OFS 
(77.5%) and exemestane- OFS (82.4%). In SOFT- 
TEXT HER2- patients <35 years, a 7.6% abso-
lute improvement in DRFI with exemestane-OFS 
was achieved, which translated into a 4.0% OS 
improvement (Fig. 11.3).

The timing of OFS and chemotherapy, when 
given, differed in TEXT-SOFT, being concur-
rent in TEXT and sequential in SOFT. To address 
theoretical concerns about the concurrent use of 
ET with chemotherapy and the best timing for 
initiating OFS, the BCFI beginning 1 year after 
the final dose of chemotherapy was compared in 
1872 HER2- patients enrolled in the 2 trials with 
about 5 years of median follow-up [32]. Neither 
detrimental nor beneficial effect of concurrent 
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OFS with chemotherapy was detected in the over-
all population (89% 4-year BCFI in both groups, 
HR = 1.11; 95% CI 0.72–1.72; P = 0.72) and in 
the small subgroup of 692 women<40  years at 
diagnosis, who are less likely to develop CIA 
(HR = 1.13; 95% CI 0.69–1.84). Clinicians can 
therefore select the most adequate individual 
strategy, taking also into account the potential 
protective effect of concomitant OFS on perma-
nent CIA [33].

Conflicting evidence has questioned the ben-
efit of AIs in overweight/obese patients: the 
increased body aromatization in fat tissue may 
potentially decrease the suppression of estro-
gen production by AIs. In overweight (BMI 
≥25  kg/m2) patients treated with anastrozole 
in the ABCSG-12 trial, the risks of recurrence 
and death were significantly higher (HR 1.49; 
95% CI 0.93–2.38; p = 0.08 and HR 3.03; 95% 
CI 1.35–6.82; p  =  0.004, respectively) than in 
patients treated with tamoxifen [34]. While wait-
ing for the BMI data from TEXT-SOFT, there is 
no definitive data suggesting not prescribing AIs 
in overweight patients, if indicated.

Women with HR+ tumors show no plateau for 
both recurrence and death, with a low but con-
tinuous risk of late relapse and death [35]: the 
annual rate for late recurrences exceeds 2% for 
at least 15 years, even after 5 years of tamoxifen 
therapy. The analysis of 111,993 patients, diag-
nosed between 1990 and 2003 and included in 
the SEER database, showed different hazards of 
breast cancer-specific mortality (BCSM) accord-
ing to HR expression. In the first 5 years BCSM 
was higher among patients with HR- tumors (HR 
1.94; 95% CI 1.85–2.05 at years 2–5), whereas 
5–10  years after diagnosis, patients with HR+ 
disease have an increased risk of BCSM com-
pared with HR- patients (HR 0.71; 95% CI 0.66–
0.76). In addition, young patients experience a 
significant higher hazard of BCSM at 5–10 years 
after diagnosis (HR, 0.43; 95% CI, 0.35 to 0.52), 
irrespective of nodal status [36]. Several clinico-
pathological parameters (e.g., nodal status and 
tumor size) are also associated with an increased 
risk of late recurrence. Altogether these data may 
help clinicians select which patients are the best 

candidates for extended ET. None of the available 
gene expression signatures have been specifically 
developed and tested for the prediction of late 
(distant) recurrence [6, 37]. In particular, none of 
these tests can clarify if patients at higher risk of 
relapse substantially benefit from extended adju-
vant ET. Further research is therefore needed to 
detect individual biomarkers or signatures for the 
identification of women at high risk of late recur-
rence, particularly in node-negative disease.

The only randomized data to support extended 
adjuvant ET in premenopausal women derive 
from the ATLAS [38] (n  =  15,244) and aTTom 
(HR+ n = ~6100) trials which explored the benefit 
of 10 versus 5 years of tamoxifen. In the ATLAS 
trial, 10  years of tamoxifen reduced the risk of 
breast cancer recurrence in HR+ disease by 3.7% 
(relative risk (RR) 0.84, CI 95% 0.76–0.94) after 
a median follow-up of 7.6  years. The extended 
therapy also significantly reduced breast cancer 
mortality (by 2.8%) during years 5–14 (12.2% 
versus 15.0%), overall mortality, and the inci-
dence of contralateral breast cancer at 10 years. 
The protective effect on breast cancer outcomes 
extends well over the 10 years’ treatment period 
(RR 0.90; 95% CI, 0.79–1.02 during years 5–9 
and 0.70; 95% CI, 0.62–0.90 during subsequent 
years), regardless of nodal status. Premenopausal 
patients constituted a minority of the study popu-
lation (19% <45 years), and statistical significance 
was not reached in this subgroup, likely because 
of the much smaller number of events. In the 
aTTom trial, even though HR status was untested 
in 60% of patients, the longer treatment group 
had fewer breast cancer recurrences compared 
with the 5-year treatment group (16.7% versus 
19.3%; P = 0.003). The RR was time dependent, 
from 0.99 (0.86–1.15) during years 5–6 to 0.75 
(0.66–0.86) in later years. Longer treatment also 
reduced breast cancer mortality by 3% (21% ver-
sus 24%; P = 0.06) in a time- dependent manner 
(RR 1.03 during years 5–9 and 0.77 subsequently) 
and overall mortality (849 versus 910 deaths, 
p = 0.1, RR 1.05 during years 5–9 and 0.86 later 
on). These results have been adopted by the most 
recent guidelines [10, 13, 14], all supporting dis-
cussing tamoxifen for 10 years in premenopausal 
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women at high risk of disease recurrence. Non-
breast cancer mortality was little affected by 
extended therapy in both trials: in the ATLAS 
trial, a higher risk for pulmonary embolism (RR 
1.87, p = 0.01, CI 95%, 1–13-3.07), without an 
increased incidence of stroke (RR 1.06), was 
reported.

In the NCIC CTG MA.17/BIG 1–97 study 
[39], patients receiving 5  years of letrozole 
after 5 years of tamoxifen experienced, overall, 
an improved DFS, but a significant OS benefit 
was evident only in patients with node-positive 
disease. The best DFS benefit (HR 0.25; 95% 
CI 0.12–0.51) was achieved by premenopausal 
women at diagnosis who became definitively 
postmenopausal at the time of randomization, 
providing a new treatment option in this sub-
group of patients, if clinically indicated.

The optimal duration of adjuvant GnRHa has 
not been established. In different trials, GnRHa 
were given for 2, 3, or 5  years, with no direct 
comparisons. The 2015 ESMO guidelines sug-
gest at least 2 years of treatment [14]. The excel-
lent outcome of patients treated for 3 years in the 
ABCSG-12 trial [30] suggests this can be reason-
able, especially in low-risk women or reporting 
severe side effects. In TEXT-SOFT duration of 
OFS was 5 years. To date, there are no data on 
GnRHa extension beyond 5 years. A phase II sin-
gle-arm trial evaluated, after at least 4.5 years of 
adjuvant tamoxifen, 2 years of OFS in combina-
tion with the AI letrozole [40]. The study closed 
after only 16 patients enrolled over 3.5  years, 
suggesting young women may not be highly 
motivated to extended OFS and challenging the 
feasibility of future studies.

The recent results of the randomized phase 
III ASTRRA study showed that adding 2  years 
of OFS to tamoxifen significantly improved the 
5-year DFS, compared to tamoxifen alone, also 
in women with late (within 2  years) resump-
tion of ovarian function after chemotherapy 
(3.6% absolute improvement, HR 0.686; 95% 
CI 0.483–0.972; P = 0.033) [41]. This new treat-
ment possibility is of particular interest for older 
premenopausal women who are at higher risk of 
developing CIA.

11.5  HER2+ Population

In SOFT, at 8-year median follow-up, a greater 
DFS benefit of tamoxifen-OFS, as compared with 
tamoxifen alone, was suggested (HR 0.41; 95% 
CI 0.22–0.75). In TEXT, HER2+ women did not 
appear to derive an advantage from exemestane 
as compared with tamoxifen (HR 1.17; 95% CI 
0.80– 1.71). A closer analysis is planned taking 
into account that adjuvant HER2-targeted therapy 
began during trial conduct and was therefore not 
received by all HER2+ patients, the differences 
in patients’ characteristics as well as in chemo-
therapy regimens and OFS initiation (sequen-
tially or concurrently with chemotherapy) in 
SOFT and TEXT.

11.6  Side Effects of Endocrine 
Therapy

ET is associated with several physical and psy-
chosocial acute and late side effects, specific of 
the drugs used and their duration. Accurate eval-
uation of potential contraindications to specific 
compounds and strategies to manage the most 
common toxicities should be part of everyday 
clinical care. In particular, health professionals 
should routinely assess and encourage adherence 
to ET [42] and address specific side effects to 
reduce symptom burden and potentially improve 
adherence [43]. Patient-reported outcome mea-
sures (PROMs) have been reported to improve 
symptom/function monitoring, accuracy of 
symptom reporting, and detection of unrecog-
nized problems [44] in cancer patients but not 
to impact patient management or improve health 
outcomes [45]. Particularly in young women, sci-
entifically validated, innovative, and structured 
communication and supportive tools (e.g., online 
programs, Web-based interventions) would help 
to overcome barriers to accessing support, such as 
child and family care, work timetables, and geo-
graphical distance from healthcare services [10]. 
Electronic tools (e-PROs) might facilitate young 
patients to report adverse events from home, thus 
increasing safety of cancer treatments and stan-
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dardizing toxicity documentation [46, 47]. As ET 
side effects derive from suppression of estrogen 
production or ER blockade, it has been ques-
tioned whether the development of side effects 
caused by estrogen deprivation might be related 
to ET benefit. A number of unplanned retrospec-
tive analyses evaluated the general association 
between ET-related side effects and breast can-
cer outcome. Most but not all analyses identified 
a positive association between musculoskeletal 
toxicity and improved DFS and OS. Associations 
between vasomotor symptoms and improved out-
comes have also been reported. These data have 
major limitations (e.g., physician-graded adverse 
events instead of PROs, no consistent definition 
for musculoskeletal symptoms across studies, 
exclusion of symptomatic patients at baseline) 
which make difficult to apply these findings in 
clinical practice [48].

11.6.1  Tamoxifen

The most common side effects of tamoxifen 
include menopausal symptoms (e.g., hot flashes, 
weight gain, sleep disturbance, sexual dysfunc-
tion, and gynecologic complications) which may 
negatively impact QoL: rare but serious toxici-
ties include increased risks of endometrial cancer 
and thromboembolism. In premenopausal women 
there is little uterine cancer risk or excess risk of 
fatal pulmonary embolism [11]. The incidence of 
endometrial cancer and thromboembolism is very 
low even with longer therapy duration (3.1% ver-
sus 1.6% endometrial cancers for tamoxifen- ver-
sus placebo-treated women and 1.87 relative risk 
of pulmonary embolism in the ATLAS trial) [38].

As opposed to menopausal women, tamoxi-
fen may decrease bone mineral density (BMD) 
in premenopausal women, likely because its 
estrogen-like effect in the bones is weaker com-
pared to the endogenous estrogens it is blocking. 
In the ZIPP (Zoladex in Premenopausal Patients) 
trial, comparing different adjuvant treatments 
(6 cycles of CMF ± 2 years of goserelin, gosere-
lin plus tamoxifen, or tamoxifen), a significant 
decline in BMD was seen after 2 years of treat-

ment in patients receiving tamoxifen alone [49]. 
Tamoxifen was associated with bone loss in 111 
Finnish premenopausal women who continued 
to menstruate after adjuvant chemotherapy and 
prevented bone loss in those who developed CIA 
[50]. BMD has therefore to be regularly checked 
and adequate intake of calcium and vitamin D 
through diet or supplements (1000  mg/day and 
800–1000 UI/day, respectively) encouraged [10]. 
Treatment-related bone loss should be managed 
according to standard recommendations.

The decrease of low-density lipoproteins and 
total cholesterol reported in menopausal women 
is not evident in premenopausal patients [51].

The impact of tamoxifen on ovarian function 
is not well understood. A retrospective study in 
250 US premenopausal women with ductal car-
cinoma in situ or EBC who did not receive che-
motherapy showed that amenorrhea was more 
frequent in women taking tamoxifen compared 
to those who did not (22% versus 3%, p < 0.001) 
[52]. Young women should be informed of 
the possibility of getting pregnant while on 
tamoxifen, despite developing amenorrhea: the 
relatively high frequency of severe congenital 
abnormalities mandates a reliable nonhormonal 
contraception [53]. Tamoxifen may exert oppo-
site effects on estrogen levels. Hypoestrogenism 
with consequent hyperandrogenism can induce 
side effects like hair loss, whereas the interfer-
ence with the normal negative pituitary feedback 
results in FSH rise and ovarian steroidogenesis 
with increased incidence of ovarian cysts [54].

Tamoxifen may adversely affect cognition in 
menopausal women, affecting in particular ver-
bal memory, executive functioning, and narrative 
writing [55, 56], but few specific investigations 
have been conducted in premenopausal women. 
In the ZIPP trial, neither endocrine treatment nor 
chemotherapy (CMF) affected the patients’ self- 
evaluation of memory and concentration [57]. 
Cognitive function has been prospectively inves-
tigated in patients participating in the CO-SOFT 
sub-study [58]: despite the small sample size (86 
participants), no differences in global cognitive 
function emerged in patients treated with tamoxi-
fen alone versus those receiving OFS plus oral 
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ET, the latter complaining of greater deteriora-
tion in self-reported cognitive function. A recent 
meta- analysis of 14 studies (911 breast cancer 
patients on AIs or tamoxifen and 911 controls, 
i.e., non-cancer and breast cancer patients not 
using ET) [59] showed verbal learning/memory 
was the only domain where ET patients per-
formed worse than both controls. Tamoxifen 
and AI patients did not differ overall from one 
another. Additional studies assessing change 
from pre-treatment performance and potential 
differences between steroidal and nonsteroidal 
AIs are warranted.

Genetic polymorphisms may classify low 
or extensive tamoxifen metabolizers, via the 
CYP2D6 enzyme, resulting in different plasma 
concentrations of endoxifen, a clinically active 
metabolite of tamoxifen. In menopausal women 
many attempts have been undertaken to explore 
the impact of tamoxifen metabolism on toxicity 
and outcome with discordant results, prevent-
ing so far the utilization of pharmacogenomics 
data to inform clinical decision-making [60, 61]. 
The simultaneous administration of drugs that 
inhibit CYP2D6 may lead to reduced concentra-
tions of endoxifen. Therefore, during treatment 
with tamoxifen, potent CYP2D6 inhibitors (e.g., 
paroxetine, fluoxetine, quinidine, cinacalcet, or 
bupropion) should be avoided, if possible.

11.6.2  Ovarian Function Suppression

The addition of OFS to oral ET is associated 
with greater menopausal symptoms, anxiety, and 
depression [12]: in women who develop severe 
side effects, the risk-benefit ratio should be dis-
cussed according to the individual risk of relapse 
and OFS interruption proposed.

Side effects [16] and quality of life (QoL) [62] 
have been extensively analyzed in SOFT. Overall, 
OFS added to tamoxifen resulted in worse endo-
crine symptoms and sexual functioning, depres-
sion, musculoskeletal symptoms, hypertension, 
and diabetes. With all women beyond the 5-year 
treatment period, no new toxicity signal has 
emerged [21]: osteoporosis (T-score  <  −2.5) 
was doubled in patients receiving OFS com-
pared to those under tamoxifen. Global QoL was 

impacted during the first 2 years of treatment, but 
changes from baseline were small and similar 
between treatments. The short-term differences 
in symptom-specific QoL, treatment burden, and 
coping effort measured by the PACIS (Perceived 
Adjustment to Chronic Illness Scale) [63] were 
less pronounced for patients with prior chemo-
therapy, the cohort that benefits most from OFS 
in terms of disease control.

Hormone levels should be regularly checked 
(e.g., every 6 months) under OFS, especially if 
there are concerns that ovarian function is not 
suppressed and if the patient is receiving an AI 
[10], as amenorrhea per se is not a reliable indi-
cator of effective OFS [15]. Available assays are 
not standardized, and their accuracy and inter-
pretation can be problematic in presence of very 
low levels of estradiol [64]. In the SOFT-EST 
sub-study, optimal estrogen suppression was not 
achieved in up to 17% of patients after 12 months 
of treatment [65].

The efficacy and safety of 3-monthly versus 
monthly administration of GnRHa has not been 
properly investigated. Masuda and colleagues 
showed that 3-monthly goserelin is not inferior 
to monthly administration in terms of estradiol 
suppression, safety, and tolerability [66]. In clini-
cal practice, the quarterly administration may not 
efficiently suppress estradiol levels in women 
<40  years and monthly formulations should 
therefore be preferred [10]. In case of proven 
inadequate suppression with either formulation, a 
switch to tamoxifen alone or bilateral oophorec-
tomy should be individually discussed, according 
to the patient’s age and disease characteristics.

Bilateral oophorectomy and ovarian function 
ablation through pelvic radiotherapy are reason-
able alternatives to GnRHa in countries where 
cost and availability are problematic, but phar-
macological OFS should be preferred whenever 
possible in order to avoid premature menopause 
and allow for pregnancy planning, if desired.

11.6.3  Aromatase Inhibitors

In TEXT, the adverse event profile of exemestane- 
OFS was similar to that seen with AIs in post-
menopausal women: musculoskeletal symptoms 
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and sexual dysfunction were the most frequent 
side effects [17]. At 8-year median follow-up, 
toxicities did not differ from earlier evalua-
tion [21]: in particular, the rates of osteoporosis 
(T-score  < −2.5) and fractures did not increase 
substantially with longer follow-up (14.8% and 
7.7%, respectively). Overall, over the 5  years, 
changes in global QoL from baseline were 
small and not substantially different between 
tamoxifen- OFS and exemestane-OFS [67]. From 
a QoL perspective, no strong indication to favor 
either treatment emerged, suggesting the dis-
tinct side effects of the two treatments need to be 
addressed with patients individually.

The CYP19A1 gene encodes for the enzyme 
aromatase: genetic variations of this gene may 
result in increased or decreased aromatase activ-
ity and influence levels of circulating estrogens. 
A recent review and meta-analysis analyzed the 
influence of common CYP19A1 polymorphisms 
in postmenopausal patients treated with AIs 
[68], indicating heterogeneity between studies. 
In SOFT-TEXT, the CYP19A1 rs10046 variant 
T/T favors lower incidence of hot flashes/sweat-
ing under exemestane-OFS when compared 
to patients with the C/T or C/C variants [69]. 
Additional research and evidence are needed 
before genetic polymorphisms can be used to 
guide AI treatment in individual patients.

11.7  Adherence

ET adherence and persistence are relevant and 
may affect disease outcomes [70, 71]. Young age 
is a known risk factor for nonadherence (i.e., not 
to take the correct dosage at the prescribed fre-
quency) and non-persistence (i.e., discontinue 
therapy) to ET [72], but the reasons why young 
women are less likely to take ET as prescribed 
are poorly understood. In 515 premenopausal 
patients, <45 years with HR+ disease for whom 
tamoxifen was recommended, 71.1% persisted 
with treatment, 13.4% declined initiation, and 
15.5% stopped tamoxifen prior to 5 years [73]. 
Main patients’ reasons for noninitiation included 
concerns about side effects (36%) and fertility 
(34%). Fertility concerns were second to side 
effects as the most common reported reason also 

for discontinuation. In addition, no longer fear-
ing cancer relapse, lack of social support and no 
opportunity to ask questions at diagnosis can also 
affect tamoxifen interruption over time [74].

In SOFT, after a median follow-up of 8 years, 
early discontinuation of oral ET occurred in 22.5% 
of the tamoxifen group, 18.5% of the tamoxifen-
OFS group, and 27.8% of the exemestane- OFS 
group. Early cessation of GnRHa injections, 
without substitution of ovarian ablation, was 
similar between treatment groups (~20%). In 
SOFT-TEXT, overall, after a median follow-up 
of 8  years, 21.5% of the patients stopped oral 
ET early, more frequently among the patients 
assigned to exemestane (23.7%) than those in the 
tamoxifen group (19.3%). Early cessation of trip-
torelin, without substitution of ovarian ablation, 
occurred in 14% and 19% of the patients, respec-
tively [21]. Overall, 19.8% of women <35 years in 
SOFT-TEXT [31] stopped all protocol- assigned 
therapy early. Nonadherence with assigned oral 
ET was higher in women <35 years (P = 0.01) than 
in women ≥35 years (25% and 21% at 4 years 
after initiation, respectively). Nonadherence 
with medical OFS was also significantly higher 
among patients <35  years (P  =  0.009) than in 
older premenopausal patients (23% and 17% at 
4 years after initiation, respectively). In individ-
ual patients, health professionals should carefully 
weigh side effects and impact on QoL associated 
with escalating ET against the risk of recurrence 
and the expected absolute improvement in dis-
ease outcome. According to the latest guidelines 
[10], clinics specifically dedicated to the assess-
ment and management of early and late treatment 
side effects should be implemented in order to 
improve both adherence and persistence.

11.8  Future Perspectives 
and Challenges

Despite substantial outcome improvements in 
young women with HR+ breast cancer receiv-
ing modern adjuvant ET, both healthcare profes-
sionals and patients still face several challenges. 
Endocrine resistance may in fact develop and 
induce disease relapse. Several potentially tar-
getable mechanisms of endocrine resistance 
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have been identified, such as upregulation of 
alternative growth pathways (e.g., mTOR and 
CDK4/6) [75]. Several studies, open also to pre-
menopausal patients, are evaluating the efficacy 
and safety of adding CDK4/6 inhibitors to stan-
dard adjuvant ET: PALLAS (NCT02513394) 
is investigating the addition of palbociclib; 
MonarchE (NCT03155997) is evaluating abe-
maciclib in patients with high-risk, node-pos-
itive disease; earLEE-1 (NCT03078751) and 
earLEE- 2 (NCT03081234) will evaluate riboci-
clib in patients with high- and intermediate-risk, 
respectively. The mTOR inhibitor everolimus is 
being evaluated in patients with high-risk disease 
(NCT01674140).

11.9  Conclusions

To further improve the management of young 
women with HR+ early breast cancer, clini-
cians need to learn how to best incorporate the 
information collected by modern randomized 
clinical trials into the individual patient care. 
The oncologist is therefore challenged to pre-
cisely assess the risk of recurrence according 
to currently available predictive and prognostic 
factors in order to identify patients for whom 
escalating ET from tamoxifen to tamoxifen-OFS 
and exemestane- OFS justifies the additional side 
effects. Treatment planning should always be dis-
cussed and agreed in a multidisciplinary context.

Tamoxifen remains the standard of care in 
low-risk patients or in case of intolerance to 
combined treatment with pharmacological OFS 
or AIs. Combination treatment is indicated in 
intermediate-high risk disease. Improving QoL 
and reducing side effects are also pivotal in order 
to best exploit available treatments. The patient 
should always be considered an active partner 
in the treatment decision process, to improve 
treatment motivation and adherence. Finally, 
the therapeutic choice should take into account 
drug availability and pharmaco-economic issues, 
which unfortunately still prevent, in many low- 
income countries, the provision of many effective 
treatments.
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12.1  Introduction

Although breast cancer (BC) in young women is 
a rare disease, with fewer than 5% occurring in 
women <40 years old [1], it is still the leading 
cause of cancer death among women 20–39 years 
old [1]. In 1983, the median survival time for pre-
menopausal women with advanced breast cancer 
(ABC) was 35 months, with only 28% still alive 
at 5  years [2]. Mortality rates from ABC have 
remained stable; in the 1975–2014 SEER report, 
the overall 5-year relative survival rate was 27% 
for stage IV BC [3], although the absolute num-
ber of deaths is rising with an estimated 43% 
increase in BC deaths by 2030 [4].

In the last decade, advances in treatment of 
ABC and incremental benefits have been achieved 
in some BC subsets, namely, in HER2+ BC. We 
must underline that only modest improvements in 

outcomes have occurred in hormone-dependent 
BC and little to no improvements have occurred 
in TNBC, which together represent more than 
80% of patients [4].

Compared with women aged >45, those 
≤45  years are slightly less likely to be estro-
gen receptor positive (ER+); ER positivity may 
decrease to approximately 55% in women aged 
20–39 years [5].

There are few clinical trials that have focused 
on the treatment of young women with ABC, and 
current guideline recommendations for this age 
group are predominantly based on retrospective 
data or extrapolated from current recommenda-
tions for postmenopausal women.

In ER+ ABC, several endocrine therapy (ET) 
options have proven to be effective, includ-
ing selective estrogen receptor modulators 
[SERMs]—such as tamoxifen -, aromatase 
inhibitors [AI]—such as anastrozole, letrozole, 
exemestane -, ovarian function suppression/abla-
tion [OFS/OA]  ±  tamoxifen or an AI, selective 
ER downregulators [SERDs]—fulvestrant -, pro-
gestational agents -megestrol acetate - [6, 7].

The recently approved combinations of 
endocrine agents with CDK inhibitors (CDKi) 
or mTOR inhibitors (mTORi) have gained an 
important role in the management of lumi-
nal ABC in both pre- and postmenopausal 
patients.
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12.2  Systemic Therapy in ER+ ABC

12.2.1  Endocrine Therapy

There is a paucity of data on the management of 
ER+ premenopausal women with ABC because 
these patients traditionally were not included in 
clinical trials evaluating endocrine therapies with 
or without targeted agents, particularly in the 
first-line setting.

Unless there is a visceral crisis/life- threatening 
disease or a highly symptomatic patient, ET must 
be the preferred option among young women with 
ABC. ET after discontinuation of chemotherapy 
(maintenance ET) to maintain achieved benefit 
should be considered, although this modality has 
not been evaluated in randomized trials [7].

So far and despite intensive research, the only 
biomarkers predictive of response to ET are the 
hormonal receptor expression and their level of 
positivity. No biomarker exists to help choose 
among different ET agents or to identify patients 
who could benefit the most from combinations of 
ET and targeted agents.

The most recent ESO-ESMO ABC guidelines 
recommend that young women with ER+ ABC 
have adequate OFS/OA and then be treated in the 
same way as postmenopausal women, i.e., with 
ET with or without targeted therapies [7, 8].

12.2.1.1  Ovarian Suppression/
Ablation

Use of gonadotropin-releasing hormone agonists 
(GnRHa) to downregulate GnRH production by 
the hypothalamus effectively produces a “medi-
cal ablation” of the ovaries and is an alternative 
to surgical or irradiation-induced ablation. The 
effectiveness of GnRHa in patients with ABC 
was first published using buserelin [9] and gose-
relin [10]. Other compounds of this class include 
leuprorelin and triptorelin. Goserelin is the most 
extensively investigated GnRHa. No comparisons 
between the different GnRHa have been reported. 
On the contrary, comparisons between “medical” 
and “surgical” ablation have been performed. In 
a randomized trial, patients with ER+ and/or PR 
tumors were assigned to receive goserelin depot 
(n = 69) or surgical oophorectomy (n = 67) [11]. 

The two treatment arms showed comparable 
objective response rates (ORR) (goserelin 31%; 
oophorectomy 27%) and stable disease (goserelin 
28%; oophorectomy 26%). Overall survival and 
progression-free survival (PFS) were similar for 
both goserelin and oophorectomy. Surgical OFS 
is a more cost-effective procedure and induces 
permanent estrogen suppression and contracep-
tion, leading to definitive menopause in young 
patients with ABC and potentially avoiding the 
“flare syndrome” sometimes seen with GnRHa. 
However, its permanent characteristic is often 
psychologically difficult to accept for young 
women. In all cases, the best modality should be 
discussed and decided with the patient [12, 13].

Goserelin monotherapy effectiveness in the 
treatment of ABC in pre- and perimenopausal 
women was evaluated in several phase II stud-
ies with response rates ranging from 14 to 70% 
[14], with degree of hormone receptor expression 
strongly predictive of response. A combined anal-
ysis of 29 phase II studies, enrolling 333 patients 
with histologically confirmed stage III or IV BC 
between 1982 and 1988 [15], reported the fol-
lowing outcomes for patients receiving monthly 
goserelin: median survival of 26.5  months 
(range, 0.8–69 months), 33.1 months in ER+ vs. 
15.9 months in ER- patients [16]; ORR was 36% 
(83/228 patients), 44% in ER+ vs. 31% in ER- 
patients, and the median duration of response 
was 44  weeks. In general, OFS alone is not a 
recommended approach but may be acceptable 
under special circumstances or when combined 
ET is intolerable.

Radiation-induced OA remains a cost- 
effective option for premenopausal patients who 
need to be rendered menopausal, although its use 
is decreasing. A meta-analysis [17] that included 
3317 patients showed similar efficacy of OFS/OA 
independently from the method used to achieve it 
(medical, surgical, or RT) in terms of overall sur-
vival (OS) (p = 0.37) without significant adverse 
effects. In these trials the majority of patients 
were treated with large field sizes with parallel-
opposed anteroposterior and posteroanterior pel-
vic fields. Radiotherapy doses of 1500 cGy in five 
fractions, 1500 cGy in four  fractions, 1600 cGy 
in four fractions, and 2000 cGy in ten fractions 
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were delivered [17]. Occasional long-term com-
plications have been described, such as longer 
time to achieve castrate levels of estradiol and 
unreliable long-term suppression making it the 
least preferred option in most guidelines [7, 18].

Young women with ABC are more likely to 
suffer from psychosocial distress and anxiety 
compared to older patients [19]. In addition, for 
many young women, the idea of oophorectomy, 
especially at ABC diagnosis, is devastating. In 
these cases oophorectomy should be offered 
again later [20].

12.2.1.2  Ovarian Suppression/
Ablation with or Without 
Tamoxifen

After its development in the 1970s, tamoxifen 
has become the preferred therapeutic option in 
premenopausal women with ABC because of the 
ease of its oral administration and the fact that 
it does not require OFS/OA. Several randomized 
trials in the past decades have compared tamoxi-
fen to OFS/OA as first-line ET for premenopausal 
women with ABC.  Despite several limitations 
(small populations, uncertainty regarding hor-
mone receptor status), they suggested similar 
outcomes between the two approaches [21–23]. 
In 1997, a meta-analysis of 4 studies in more than 
200 evaluable patients found no significant dif-
ference in ORR, disease progression, or mortality 
between the two treatment modalities [24].

Several studies, including a meta-analysis 
comparing GnRHa ± tamoxifen, demonstrated 
significantly superior outcomes in patients who 
received the combination of OFS and ET [25]. 
All major international and national guidelines 
[7, 8, 18, 26, 27] state that for premenopausal 
women OFS/OA combined with additional ET is 
the first choice (LoE:1A). Tamoxifen alone can 
also be considered, although available data sug-
gest improved outcomes when OFS is also used.

Three randomized trials have compared com-
bined ET with tamoxifen and a GnRHa to endo-
crine monotherapy (GnRH analogue in all but 
one of the trials) in premenopausal women with 
ABC [28–30]. A meta-analysis of these trials, 
evaluating 506 patients with a median follow-
up of 6.8  years, has been published [31]. The 

results suggest that combination ET is superior to 
monotherapy. Patients who underwent combina-
tion ET had superior OS (hazard ratio [HR] 0.78; 
p = 0.02) and PFS (HR 0.70; p = 0.0003). Rate of 
objective clinical response (39 vs. 30%) and dura-
tion of response (DoR) (19.4 vs. 11.3  months) 
also favored the combination arm [31]. Quality 
of life (QoL) and toxicity data were not routinely 
collected when these trials were performed.

12.2.1.3  Scheduling Considerations 
of Ovarian Suppression

The pharmacodynamics of goserelin in BC was 
examined in the 1980s, and studies started with 
the use of daily subcutaneous injections [10] 
followed by the monthly depot formulation 
(3.6 mg) that is now used in clinical practice. The 
effectiveness of the monthly goserelin adminis-
tration to suppress serum concentrations of FSH, 
LH, and estradiol was also established in a study 
of 118 pre- and perimenopausal patients with 
ABC in whom mean serum estradiol values fell 
into the postmenopausal range (i.e., <30 pg/ml) 
2–3 weeks after treatment [32].

The development of a longer-acting goserelin 
formulation (3-monthly, 10.8 mg) can represent 
an advantage since such a formulation would 
require fewer clinic visits and could potentially 
be more convenient for the patient. However, 
issues, including efficacy and safety of goserelin 
every 3  months vs. monthly in premenopausal 
women, have been raised. To address this, a 
randomized trial compared these two sched-
ules of administration in a Japanese population 
consisting of premenopausal women with ER + 
early BC (n = 170) [33]. Primary endpoint was 
a non-inferiority analysis (10.8/3.6  mg) of the 
area under the concentration–time curve (AUC) 
of estradiol (E2) over the first 24  weeks. The 
analysis demonstrated that the E2 suppression 
with 3-monthly goserelin was non-inferior to 
monthly goserelin. No clinically important dif-
ferences in safety and tolerability were observed 
between the two groups. Another study assessed 
the non-inferiority of a 6-month depot formula-
tion, TAP-144-SR 22.5 mg to the 3-month depot 
formulation and TAP-144-SR 11.25 mg regard-
ing its suppressive effect on serum estradiol 
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(E2) in premenopausal patients with hormone 
receptor- positive early breast cancer. The pri-
mary endpoint was suppression rate of serum 
E2 to the menopausal level (≤30 pg/mL). In this 
phase III trial, 167 patients were randomized, 
and overall, 150 patients (75 patients in each 
treatment group) completed the 96-week study 
treatment. The suppression rate of serum E2 to 
the menopausal level (≤30  pg/mL) was 97.6% 
(95% CI 91.6–99.7) in the 6 months group and 
96.4% (95% CI 89.9–99.3) in the 3  months 
group supporting the non- inferiority of the 
6-monthly administration [34]. In spite of long-
acting formulations availability data comparing 
their efficacy is scarce. Monthly administrations 
is recommended according to the guidelines [7, 
18] but further research needed.

12.2.1.4  Aromatase Inhibitors
Clinical data regarding AIs in premenopausal 
patients with ABC have been increasing due 
to the available evidence from recent phase III 
studies, comparing ET vs. ET plus targeted 
agents that allowed inclusion of premenopausal 
patients. The initial data, however, came from 
several small studies, evaluating the combination 
of AIs and GnRHa [35–37]. These studies dem-
onstrated a benefit for AIs in combination with 
OFS/OA. The use of these agents in combination 
with targeted therapies will be discussed in the 
next paragraphs.

When an AI is considered in premenopausal 
patients, it is important to achieve ovarian sup-
pression before initiating the AI. In clinical prac-
tice, oral ET is to be started 6–8 weeks after the 
initiation of the GnRHa, to allow the decline in 
ovarian estrogen production or as soon as sup-
pression is confirmed by hormonal levels. These 
levels must be rechecked at least once after the 
start of the AI due to the stimulating nature of 
AIs in premenopausal women. In the SOFT-EST 
substudy [34], up to 17% of patients had estro-
gen levels greater than the threshold, supporting 
the indication of ovarian function monitoring. In 
the same study, LH, FSH, and serum estrogens 
levels were measured every 3 months in the first 
6  months and then every 6  months for the first 
2 years and afterward annually. In light of this, 

routine monitoring of hormonal levels should be 
performed [38].

12.2.1.5  Selective Estrogen Receptor 
Downregulators (SERDs)

Fulvestrant may be used in the first- or advanced 
line settings as monotherapy or in combina-
tion with CDK4/6 inhibitors or everolimus. 
Unfortunately, the question of whether efficacy 
of SERDs requires concurrent OFS/OA has 
never been addressed in a clinical trial, and thus 
current guidelines recommend the addition of 
OFS/OA to fulvestrant [7, 18, 26]. Fulvestrant 
is known to compete with estradiol for the ER 
and its clinical activity is related to its plasma 
concentration. As premenopausal women have 
higher levels of estradiol, it has been hypoth-
esized that higher concentrations of fulvestrant 
may induce a better clinical response in this sub-
set of patients.

A phase II study [39] compared a high-dose 
of 750 mg of fulvestrant to tamoxifen in 60 pre-
menopausal women with early BC.  Both drugs 
significantly decreased Ki-67 and ER expres-
sion (p < 0.0001), and a more significant reduc-
tion in PR expression was seen with fulvestrant 
(p < 0.0001). This suggests that fulvestrant has 
antitumor activity in premenopausal patients. 
Further clinical trials are needed to confirm these 
findings. Another study that included 26 patients, 
pretreated with TAM and AIs in combination 
with goserelin, demonstrated a clinical benefit 
rate of 58% with fulvestrant plus goserelin, with 
a median time to progression of 6 months and OS 
of 32 months [40].

The FALCON study [41], a phase III trial that 
compared fulvestrant 500  mg to anastrozole in 
first-line metastatic setting, included postmeno-
pausal women as young as 38 years in the fulves-
trant arm. The study that required women to be 
rendered postmenopausal for inclusion showed 
that fulvestrant was associated with a statistically 
significant improvement in PFS (HR 0.79; 95% 
confidence interval [CI], 0.63–0.99; p = 0.0486) 
being the median PFS 16.6  months (95% CI 
13.8–20.9) with fulvestrant vs. 13.8  months 
(95% CI 11.99–16.59) with anastrozole (differ-
ence in medians of 2.8 months) [41].
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12.2.1.6  Other Hormonal Therapies
Megestrol acetate and medroxyprogesterone ace-
tate are progestational anticancer agents inhib-
iting aromatase activity or increasing estrogen 
turnover in ABC. Several studies, which mainly 
focused on postmenopausal women, showed 
response rates of approximately 25% and accept-
able tolerability with these agents [42, 43]. More 
recently, a phase II trial evaluated the antitu-
mor activity and toxicity of megestrol acetate 
in postmenopausal women with ER ABC who 
had experienced disease progression on a third-
generation nonsteroidal AI [44]. The clinical ben-
efit rate (CBR) was 40% (95% CI 25–55%), and 
the median duration of clinical benefit was 10.0 
(95% CI 8.0–14.2) months. The median PFS was 
3.9 (95% CI 3.0–4.8) months. These agents are 
an acceptable option in later line settings [7].

12.2.2  Combined Biological 
and Endocrine Therapies

12.2.2.1  mTOR Inhibitors
The PI3K/AKT/mTOR pathway is activated 
in various cancers, playing a role in treat-
ment resistance. Activation of the PI3K/AKT/
mTOR signaling pathway is the most frequently 
mutated pathway in BC [45]. There is growing 
evidence suggesting a close interaction between 
the mTOR pathway and ER signaling, leading 
to resistance in ER+ BC.  Targeting this path-
way with various drugs has proved efficacious 
in terms of objective responses and PFS [46]. 
Everolimus, a selective mTOR inhibitor, has 
been widely studied in combination with ET in 
ER + ABC. The BOLERO-2 trial [47] included 
724 postmenopausal patients aged between 28 
and 93 years old that were randomized to evero-
limus and exemestane vs. exemestane alone. The 
median OS in patients receiving the combination 
of everolimus and exemestane was 31.0 months 
compared with 26.6  months in patients receiv-
ing placebo and exemestane (HR 0.89; 95% CI 
0.73–1.10; P = 0.14). Median PFS was prolonged 
from 3.2 months with exemestane to 7.8 months 
with everolimus and exemestane (HR  =  0.45; 
p < 0.0001). Everolimus is currently approved in 

combination with exemestane in ABC. Two phase 
II ongoing trials (NCT02313051, NCT02344550) 
are currently investigating the efficacy of evero-
limus in combination with an aromatase inhibi-
tor and a GnRHa in premenopausal patients after 
progression on tamoxifen and the combination 
of everolimus with fulvestrant in ABC patients 
resistant to AI (PrE0102).

Adequate prevention, close monitoring, and 
proactive treatment of adverse events are needed 
when using everolimus, due to the increased inci-
dence of toxic deaths reported in the BOLERO-2 
trial (LoE/GoR: I/B) [47].

12.2.2.2  CDK4/6 Inhibitors
CDK-Rb pathway aberrations have been docu-
mented in BC, with CCDN1 overexpression 
found in almost 50% of breast tumors [48]. 
Consequently, this tumor cell regulatory mecha-
nism has become a therapeutic target and various 
CDK4/6 inhibitors (CDK4/6i) have been tested 
in clinical trials. Currently, CDK4/6i in associa-
tion with an AI or with fulvestrant are approved 
in the metastatic setting as first or latter lines of 
treatment in pre- and postmenopausal patients. 
Efficacy data of these agents in premenopausal 
patients with advanced disease are more limited 
than in postmenopausal because not all stud-
ies have allowed inclusion of these patients. 
The main body of evidence comes from the 
MONALEESA-7 trial [49] where CDK4/6i were 
used as first or latter line of treatment for ABC.

The MONALEESA-7 trial (NCT02278120) 
is a phase III randomized clinical trial, designed 
to evaluate the efficacy (primary endpoint PFS) 
of ribociclib in combination with ET (tamoxifen 
or an AI) and goserelin, exclusively in pre- or 
perimenopausal patients with ABC.  All patients 
(n = 672) received OFS with GnRHa making them 
all postmenopausal. In this study 40% of patients 
presented with de novo metastatic disease. The 
first results reported at a median follow-up of 
19.2  months have shown a significant improve-
ment in DFS with the addition of ribociclib (23.8 
vs. 13.0 months; HR 0.55; P = 9.83 × 10−8). The 
improvement was consistent across all subgroups 
and no difference between the AI or tamoxi-
fen was seen. The toxicity profile was similar to 

12 Management of Advanced Breast Cancer in Young Women: What’s New in Systemic Treatment



132

what has been described in other CDK4/6i tri-
als with neutropenia being the most frequently 
reported adverse event. The Febrile neutropenia 
rate in ribociclib arm was low (2.1%). QTc pro-
longation is a distinctive side effect of this agent 
(6.9% in ribociclib arm vs. 1.2% in placebo arm). 
Additional medication with potential interactions 
should be taken into account. QoL outcomes 
were reported and showed both improvement in 
pain score and delayed time to QoL deterioration 
within the ribociclib arm [49].

Other trials addressing the use of CDK4/6i in 
first line that allowed enrollment of young ABC 
patients if rendered postmenopausal include 
MONALEESA-2 and MONARCH-3.

The MONALEESA-2 study [50] evaluated the 
combination of letrozole with or without ribo-
ciclib among postmenopausal women in first-
line metastatic setting. The study enrolled 668 
patients aged between 23 and 91 years old. After 
a median follow-up of 26.4  months, the PFS 
25.3 months (95% CI 23.0–30.3) vs. 16.0 months 
(95% CI 13.4–18.2) and ORR 42.5% vs. 28.7% 
(P = 9.18 × 10−5;OS (HR 0.746; 95% CI 0.517–
1.078; p = 0.059) favored the combination arm. 
OS data remain immature in this second interim 
analysis [51].

The other phase III trial in first-line setting is 
the MONARCH-3 study [52], which explored 
the efficacy of an AI combined with abemaci-
clib in 493 postmenopausal patients with age 
between 38 and 87 years. The trial also showed 
a benefit in PFS with the combination (HR 
0.543; p = 0.000021) after a median follow-up of 
17.8 months.

The use of CDK4/6i as second or latter lines 
of treatment of young women with ABC was 
addressed in PALOMA-3 and MONARCH-2. 
PALOMA-3 [53] is the first phase III study that 
provided data regarding the clinical efficacy of 
CDK4/6i in ABC; the study randomly assigned 
521 metastatic patients who progressed on pre-
vious endocrine therapy to either fulvestrant and 
palbociclib or fulvestrant and placebo. Pre- and 
perimenopausal women receiving monthly gos-
erelin were eligible to participate in the trial. In 
this cohort, 21% of patients were pre- or peri-

menopausal. Median PFS was 11.2 months in the 
fulvestrant plus palbociclib group compared to 
4.6 months in the fulvestrant plus placebo group 
(HR:0.5; 95% CI 0.40–0.62; p  <  0.000001). 
Overall survival, a secondary endpoint, was 
34.9 months (95% confidence interval [CI], 28.8 
to 40.0) in the palbociclib–fulvestrant group and 
28.0 months (95% CI, 23.6 to 34.6) in the placebo–
fulvestrant group (hazard ratio for death, 0.81; 
95% CI, 0.64 to 1.03; P = 0.09; absolute differ-
ence, 6.9 months), but unfortunately the difference 
did not reach statistical significance [54]. However 
in the pre-specified analysis according to sensitiv-
ity to previous endocrine therapy, the median OS 
was 39.7 months (95% CI, 34.8 to 45.7) in the pal-
bociclib–fulvestrant group and 29.7 months (95% 
CI, 23.8 to 37.9) in the placebo–fulvestrant group 
(hazard ratio, 0.72; 95% CI, 0.55 to 0.94). This 
translates in a 10-month absolute survival benefit 
in this patient population [54].

The MONARCH-2 study [55] evaluated the 
role of abemaciclib in patients progressing after 
ET. The study enrolled 669 patients randomized 
to abemaciclib and fulvestrant vs. fulvestrant 
alone. In the overall study population, there was 
a PFS benefit in favor of the combination treat-
ment (16.4 vs. 9.3  months; HR 0.553; 95% CI 
0.449–0.681; P  =  0.001). The study included 
114 women as young as 32 years, who had been 
rendered postmenopausal; their median PFS was 
not reached for the combination arm and was 
10.5 months for fulvestrant + GnRHa (HR 0.446, 
95% CI 0.264–0.754; p = 0.002); the ORR was 
also higher for the combination with abemaciclib 
(60.8 vs. 28.6% (p = 0.006) [56]).

CDK4/6i are emerging as a drug class with 
consistently positive and similar results across 
several well-powered, phase III randomized clini-
cal trials. This suggests a clear class effect leaving 
toxicity and accessibility as major considerations 
to the choice between the different agents. Trials 
comparing the use of ET + CDK4/6i with chemo-
therapy are currently ongoing.

The ESO-ESMO ABC 4 guidelines recom-
mend that premenopausal women with luminal 
ABC receive OFS/OA and be treated with the 
same options as postmenopausal women. They 
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also strongly recommend that these patients 
should not be excluded from clinical trials 
addressing new treatment strategies in ABC [7].

12.2.2.3  PI3K Inhibitors
The Cancer Genome Atlas Network profiled 
825  BC using next-generation sequencing and 
demonstrated that the most frequently observed 
somatic mutation in patients with luminal BC 
occurs in the PIK3CA gene [45]. Upstream inhi-
bition of the PI3K/AKT/mTOR pathway involv-
ing targets such as PI3K and AKT becomes a 
significant promise as a treatment strategy. The 
phase II FERGI trial [57] randomized 168 patients 
who progressed to prior AI treatment to pictilisib 
and fulvestrant vs. fulvestrant alone. The study 
also evaluated the efficacy of PI3K inhibitors in 
patients with or without PI3K mutations. The study 
included young women rendered postmenopausal. 
The addition of pictilisib to fulvestrant was associ-
ated with a PFS increase from 5.1 to 6.6 months 
(HR 0.74; p = 0.096). Mutation in PI3K was not 
predictive of treatment benefit in this study.

The efficacy of PI3K inhibitors such as bupar-
lisib in combination with fulvestrant has been 
studied in postmenopausal women with ABC 
[58, 59]. The BELLE-2 randomized phase III 
trial included 1147 patients that were random-
ized to fulvestrant plus buparlisib or placebo. 
The median PFS was only minimally differ-
ent between arms (6.9 vs. 5  months; HR 0.78, 
95% CI 0.67–0.89; p  =  0.00021), both in the 
PI3K muted and the wild-type subgroups. The 
toxicity profile included elevated liver enzymes 
(18–25 vs. 1–3%), hyperglycemia (15 vs. 1%), 
and rash (8% vs. none) [58]. The BELLE-3 ran-
domized phase III trial evaluated the efficacy 
of buparlisib vs. placebo in patients with ABC 
who have progressed on or after ET and mTOR 
inhibitors. 432 patients were randomized to 
buparlisib and fulvestrant (n  =  289) or placebo 
and fulvestrant (n = 143). The median PFS was 
dismal in both arms and only minimally differ-
ent (3.9 vs. 1.8 months, HR 0.67, 95% CI 0.53–
0.84; p = 0.0003), with similar side effects as in 
BELLE-2 trial and serious adverse events in 22% 
of patients compared to fulvestrant alone (16% of 

patients) [59]. Based on these results, the devel-
opment of buparlisib has been stopped. Other 
important studies are currently ongoing regard-
ing more specific PI3K inhibitors.

We must underline the increased number 
of potential toxicities of these agents that may 
eventually limit their use, such as hyperglycemia 
or rash (common to several PI3K/AKT/mTOR 
signaling pathway inhibitors) and others like 
neutropenia, gastrointestinal toxicity, and mood 
disorders which have been observed in clinical 
trials of pan-PI3K inhibitors. Recognition of the 
toxicities associated with these agents is essential 
to develop best practices for patient management 
and education.

12.2.2.4  Bevacizumab
Studies evaluating the efficacy of bevacizumab 
combined with endocrine or chemotherapy treat-
ments in ABC failed to show an OS benefit. 
Younger patients were included in the trials in 
combination with chemotherapy, if rendered 
postmenopausal, and with ET.

The CALGB 40503 study [60] comparing ET 
with or without bevacizumab in 350 postmeno-
pausal women with ABC showed a PFS benefit 
of 5 months (20.2 vs. 15.6 months, HR 0.75; 95% 
CI 0.59–0.96 p = 0.016), with significant grade 3 
and 4 treatment-related toxicity.

Another study [61] included 374 postmeno-
pausal patients with ABC and evaluated the 
efficacy of bevacizumab and ET (fulvestrant or 
letrozole) vs. ET alone. The study failed to show 
PFS benefit with the combination treatment 
(median PFS of 19.3 vs. 14.4 months, HR 0.83; 
95% CI 0.65–1.06; p = 0.126).

In first-line setting, the combination of beva-
cizumab with taxanes (ECOG 2100 and AVADO 
studies) showed a moderate benefit in PFS, but 
no impact in OS. As a second line, in combina-
tion with capecitabine (AVF2119g), neither PFS 
nor OS was improved.

The ECOG 2100 study [62, 63] compar-
ing first-line weekly paclitaxel with or without 
bevacizumab in 722 women (age 29–84  years) 
with ABC showed a PFS benefit of 5.4  months 
in the total population (11.4 vs. 5.8 months, HR 
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0.42; 95% CI 0.34–0.52; p  <  0.001), with sig-
nificant grade 3 and 4 bevacizumab-related toxic-
ity. Thirty percent of all patients (N = 220) were 
 premenopausal women (27–49 years): overall, in 
the subgroup analysis, their PFS benefit was even 
greater, 7.0 months (12.5 vs. 5.5 months HR 0.50; 
95% CI 0.38–0.67; p < 0.001) [63], but only 8% of 
these patients were young (27–40 years, N = 59), 
and their benefit in PFS was not statistically sig-
nificant (HR 0.54; 95% CI 0.26–1.09) [62].

The AVADO study [64] included 736 patients 
with ABC (age 29–83 years) and studied the effi-
cacy of two different doses of bevacizumab (7.5 
and 15 mg/kg), added to 3-weekly docetaxel. The 
proportion of younger patients was not reported. 
PFS was improved in both bevacizumab contain-
ing arms: 0.9 months for the dose of 7.5 mg/kg 
(9.0 vs. 8.1 months, HR 0.8, 95% CI 0.65–1.0; 
p  =  0.045) and 1.9  months for 15  mg/kg (10.0 
vs. 8.1  months, HR 0.67, 95% CI 0.54–0.83; 
p < 0.001). Subgroup analyses for age below and 
above 65 were done, whereas there was no analy-
sis according to menopausal status or younger 
age below 40–45 years.

In AVF2119g study [65], capecitabine was 
studied in combination with or without beva-
cizumab as second line in 462 patients with 
ABC (age 29–78  years). The addition of beva-
cizumab to capecitabine did not improve neither 
median PFS (4.86 vs. 4.17 months; P  =  0.857) 
nor median OS (15.1 vs. 14.5 months; p = 0.63). 
There was no subgroup analysis according to 
age or menopausal status and the proportion of 
younger patients was not reported.

12.3  Optimal Sequencing 
of Endocrine and Biological 
Therapies

The optimal sequence of endocrine-based ther-
apy is uncertain. It depends on which agents 
have been previously used (in the (neo)adju-
vant or advanced settings), the burden of dis-
ease, patient’s preference, costs, and availability. 
Available options include AI, tamoxifen, fulves-
trant, AI/fulvestrant + CDK4/6i, and AI/tamoxi-
fen/fulvestrant + everolimus. In later lines also 

megestrol acetate and estradiol, as well as repeti-
tion of previously used agents, may be used [7]. 
At this moment evidence is lacking regarding 
how the different combinations of endocrine plus 
targeted agents compare with each other and with 
single-agent chemotherapy. Trials are ongoing to 
answer these questions.

For premenopausal women who already pro-
gressed after tamoxifen in the adjuvant setting, 
the addition of OFS/OA to an AI with a CDK4/6i 
is one of the preferred options in the first-line 
metastatic setting [7]. For patients with relapse 
after adjuvant ET with tamoxifen or AI in combi-
nation with OFS, there are limited data regarding 
the optimal management; however, OFS/OFA is 
still recommended, combined with a different ET 
agent than the one used in the adjuvant setting [7].

12.4  Systemic Chemotherapy

Physicians often treat young women more 
aggressively and give preference to chemother-
apy despite the presence of ER+ disease.

A Cochrane systematic review and several 
randomized trials show that neither survival nor 
QoL is improved by treating patients with che-
motherapy when ET has a reasonable chance 
of providing disease control [66]. Additionally, 
clinical trials have established that ET in the first-
line setting provided similar duration of disease 
control regardless of visceral organ involvement, 
in the absence of visceral crisis/life-threatening 
disease [7]. For all these reasons, chemother-
apy should only be the initial option in cases of 
immediately life-threatening disease or highly 
symptomatic patients. This holds true as well for 
premenopausal patients. International guidelines 
have reiterated that age alone is not a reason to 
give chemotherapy or to treat young patients 
more aggressively [7, 18].

Chemotherapy is a valid option in case of 
multidrug endocrine resistance or in case of 
exhaustion of all available endocrine treatments. 
As in postmenopausal women, the choice of 
agent depends on the previous exposure and 
the response obtained. Similarly, preference is 
given to sequential monotherapy and combina-

S. Volovat et al.



135

tion regimens are reserved for patients with rapid 
clinical progression, life-threatening visceral 
metastases, or need for rapid symptom and/or 
disease control [7].

12.5  HER2-Positive ABC

Treatment of HER2-positive young patients with 
ABC does not differ substantially from postmeno-
pausal women, and anti-HER2-directed therapies 
should be the mainstay of the treatment [7]. As 
there are no validated predictive markers for spe-
cific targeted therapies, the choice of anti- HER2 
treatment should take into account previous use 
of trastuzumab in the adjuvant setting, treatment-
free interval, and availability of new agents. The 
duration of anti-HER2 treatment in patients with 
an optimal response should be individualized, as 
there are no prospective data regarding treatment 
duration [7]. The optimal sequence of agents is 
currently unknown, but it should not differ from 
postmenopausal patients. If all anti-HER2 agents 
are available, international guidelines recom-
mend the use of dual blockade (trastuzumab + 
pertuzumab) with chemotherapy as first-line 
therapy and T-DM1 as second or beyond line. 
Additional options are also other chemother-
apy agents with trastuzumab or with lapatinib 
+ trastuzumab. For HER2- positive ER+ ABC, 
combinations of ET + anti- HER2 agents are also 
an available option [7, 26].

12.6  Triple-Negative ABC

Triple-negative (TN) ABC is more frequent in 
younger women and is a distinct BC subtype 
for which the mainstay of treatment is che-
motherapy. TN ABC is also characterized by 
shorter time to disease progression and death 
[67]. There have been only few advances in the 
management of non-BRCA-associated TN ABC, 
and the systemic treatment does not depend on 
age or menopausal status of the patient. Both 
combination chemotherapy and sequential sin-
gle-agent chemotherapy are valid options, but 
the preferred choice is sequential monotherapy. 

Age alone should not lead to preference of com-
bination chemotherapy regimens which should 
rather be considered for patients with rapid clini-
cal progression, life-threatening disease, and/or 
need for rapid symptom control [7]. The main 
difference of TN ABC (regardless of BRCA 
status) is its sensitivity to platinum compounds 
which makes them an important treatment 
option if anthracyclines ± taxanes were used in 
(neo)adjuvant setting [7, 27]. Capecitabine and 
vinorelbine are also effective as first or subse-
quent treatment options, especially if avoid-
ing alopecia is important. Reuse of taxanes or 
anthracyclines is a possible option (if not used 
or if progression occurred more than 12 months 
after (neo)adjuvant taxanes); eribulin and gem-
citabine monotherapy are available for further 
lines. Thus, besides the role of platinum com-
pounds, the treatment of TN ABC follows the 
recommendations for chemotherapy in HER2-
negative ABC.

The randomized phase III TNT trial [68] 
compared efficacy of single-agent carboplatin 
vs. docetaxel in 376 women (age 48–63  years) 
with TN ABC (97% of the patients) or any ER/
PR/HER2 ABC with known BRCA1/2 mutations. 
Crossover between treatment arms was permitted 
upon disease progression. In the overall popu-
lation as well as in the non-BRCA1/2 mutated 
subgroup, ORR was similar between the two 
treatment groups (31.4 for carboplatin vs. 35.6% 
for docetaxel; p = 0.44) [69].

Immunotherapy agents and combinations are 
currently under investigation in TN ABC.  The 
phase III randomized trial IMpassion 130 
[70] compared the efficacy of the addition of 
atezolizumab or placebo to first-line nab-pacli-
taxel in 902 patients. At a median follow-up of 
12.9 months, there was a small increase in PFS 
from 5.5 months to 7.2 months (HR 0.80, 95% 
CI 0.69–0.92; p  =  0.0025). In the subgroup 
of patients with tumors with PD-L expression 
>1%, the addition of atezolizumab to chemo-
therapy prolonged PFS from 5.0 to 7.5  months 
and initial (still immature) OS data seem to 
indicate an important 10-month benefit (15.5 
vs. 25.0  months; HR 0.62, 95% CI 0.45–0.86; 
p = 0.0035).
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The ongoing characterization of different sub-
groups within the TN ABC subtype may lead 
to development of specific therapies for each 
of the subgroups: PI3K/AKT/mTOR inhibitors, 
immune checkpoint inhibitors, or antibody-drug 
conjugates are such examples. Antiandrogens 
including bicalutamide [71], abiraterone [72], 
or enzalutamide [73] are also under investiga-
tion as there are data for androgen receptor (AR) 
enriched subset of TN ABC (luminal AR sub-
type). Despite the early efficacy signals, these 
agents should not be routinely used in clinical 
practice as data is still limited.

The treatment of BRCA-related TN ABC will 
be discussed below.

12.7  Metronomic Systemic 
Therapy

Preclinical and clinical studies have established 
a new strategy for the treatment of ABC met-
ronomic chemotherapy. It refers to the frequent 
administration of chemotherapy agent(s) at bio-
logically optimized doses, which are far below 
the maximum tolerated dose (MTD) with no 
prolonged drug-free breaks. This results into 
maintenance of low blood concentrations of the 
drug without significant toxic side effects [74]. 
Thus, rather than a direct antitumor effect, met-
ronomic chemotherapy mainly exerts indirect 
effects on tumor cells, their stroma, and micro-
environment via inhibition of tumor angio-
genesis and stimulation of anticancer immune 
response [75]. The most well-studied regimens 
are combination of cyclophosphamide and 
methotrexate (CM), capecitabine, and vinorel-
bine as monotherapy in different doses and 
schedules. Oral agents are typically preferred as 
there is a potential for long- term use. Data come 
predominantly from phase II studies with ORRs 
of about 19–50% and PFS of about 7  months 
[76, 77]. There are ongoing phase III trials with 
metronomic chemotherapy, as well as phase III 
trials in the early setting [78], and this approach 
is adopted by current guidelines, being recom-
mended until disease progression or unaccept-
able toxicity [7].

12.8  Hereditary Breast Cancer 
and Genetic Testing

Genetic counseling should be considered as early 
as possible in young patients with HER2-negative 
ABC as it might have therapeutic implications. 
The genes to be tested depend on the personal and 
family history, taking into account that at pres-
ent, only germline mutations in BRCA1/2 have 
proven clinical therapeutic significance with the 
use of anti-poly(ADP-ribose)polymerase inhibi-
tors (PARPi). If a mutation in BRCA1/2 has not 
been identified but there is suspicion of a heredi-
tary cancer syndrome, multigene panel testing 
may be considered [18].

Assessment of the precise role of PARPi in 
germlineBRCA1/2 mutant carriers is still ongo-
ing. In two trials, OlympiAD and EMBRACA, 
the use of PARPi, olaparib and talazoparib, 
respectively, increased PFS of about 3 months in 
platinum-sensitive HER2-negative disease, asso-
ciated with improved QoL.

In the OlympiAD phase III trial [79], olapa-
rib monotherapy up to third line was compared 
to standard single-agent chemotherapy as per 
physician’s choice (capecitabine, eribulin, or 
vinorelbine) in 302 patients with HER-2 negative 
ABC and a germline BRCA mutation. Patients 
included in the trial did not receive previous plat-
inum agents in the adjuvant or metastatic setting. 
Monotherapy with olaparib prolonged the median 
PFS of 2.8 months (7.0 vs. 4.2 months; HR 0.58; 
95% CI 0.43–0.80; p < 0.001). The toxicity pro-
file and the QoL were better in the olaparib arm 
as compared to chemotherapy. In the prespeci-
fied final OS data, 192/302 deaths had occurred 
(64% maturity). HR for OS in the olaparib vs. 
TPC group was 0.90 (95% CI 0.66, 1.23; P = NS; 
median 19.3  months [mo] vs. 17.1  months). 
Although median OS was 2.2 months longer for 
olaparib monotherapy vs. standard single-agent 
chemotherapy in the overall population, this dif-
ference was not statistically significant [80].

The EMBRACA phase III trial [81] com-
pared another PARP inhibitor  – talazoparib  – 
to physician’s choice of mono-chemotherapy 
(capecitabine, eribulin, vinorelbine, or gem-
citabine) in 431 patients with ABC and a  germline 
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BRCA mutation. At a median follow-up time of 
11.2  months, PFS was 3  months longer in the 
talazoparib arm (8.6 vs. 5.6  months; HR 0.54; 
95% CI 0.41–0.71; p < 0.0001) and OS at interim 
analysis was 22.3 vs. 19.5  months (HR 0.76; 
p  = 0.11) [81]; QoL was also significantly bet-
ter in the PARPi arm as compared to single-agent 
chemotherapy.

As described above, the phase III TNT trial 
[68] compared the efficacy of single-agent 
carboplatin vs. docetaxel in 376 women (age 
48–63 years) with TN ABC or any ER/PR/HER2 
ABC with known BRCA1/2 mutations. 7.5% of 
the patients had BRCA1/2-associated tumors and 
carboplatin induced significantly higher ORR 
compared to docetaxel (68.0 vs. 33.3%; p = 0.03) 
in this subgroup [69]. Thus the use of carbopla-
tin in BRCA1/2-associated TN ABC is recom-
mended by the international guidelines [7], and 
in some of them, this recommendation is even 
with a higher level of evidence than for non- 
BRCA1-/2-mutated TN ABC [27].

12.9  ABC and Pregnancy 
Considerations

If ABC is diagnosed during pregnancy, several 
dilemmas must be addressed and careful discus-
sion with the patient and her family about the 
overall prognosis of advanced disease is crucial 
so that the final decision concerning pregnancy 
is taken. Termination of pregnancy might not 
improve maternal outcome as long as appropriate 
systemic chemotherapy is deliverable; still, liter-
ature about treatment of ABC during pregnancy 
is scarce and is limited to a very small number of 
patients [82, 83]. Chemotherapy (anthracycline 
or taxanes) [84, 85] as well as vinca alkaloids 
and alkylating agents [86, 87] may be adminis-
tered during second and third trimester with close 
monitoring of the pregnancy until delivery. Both 
ET and anti-HER2 agents are contraindicated 
during pregnancy due to their teratogenicity 
risk. Tamoxifen may cause congenital anoma-
lies, most frequently maxillofacial or urogenital 
malformations [88]. Anti-HER2 agents (trastu-
zumab or pertuzumab) may lead to long-term 

sequelae for the fetus or development of oligo- or 
anhydramnios during pregnancy. Since the early 
use of anti-HER2 agents substantially improves 
survival, delaying these agents until after deliv-
ery may negatively impact maternal prognosis. 
Systemic administration of antiangiogenic agents 
such as bevacizumab is also contraindicated in 
pregnant patients with ABC as angiogenesis is 
crucial for embryogenesis and for the fetal devel-
opment [89].

There is a risk of pregnancy despite amenor-
rhea while on chemotherapy, endocrine therapy, 
or anti-HER2 therapy for ABC. This must be dis-
cussed with young patients with ABC, and they 
should be counseled for the need of adequate 
nonhormonal contraception, if sexually active 
[18].

12.10  Future Directions

With the aim to overcome endocrine resistance, 
novel treatment options are currently being inves-
tigated in clinical trials. Studies evaluating the 
efficacy of combined ET and targeted therapies 
should always include premenopausal women 
with ABC. Advances in our understanding of how 
tumors evolve under ET have identified changes 
in gene expression (ESR1, PIK3CA mutational 
status, HDAC enzyme expression, and acetyla-
tion levels) and mutational profiles that have the 
potential to improve the prediction of which spe-
cific patients will respond to ET and allow unrav-
eling of mechanisms of resistance which will 
lead to the development of novel drugs.

PI3K mutations are detected in almost 40% 
of BC [45]. The BELLE-2 study showed a mod-
est PFS improvement in postmenopausal ABC 
patients with buparlisib in combination with ful-
vestrant, also in PI3K mutated patients. However, 
considerable toxicity has been reported with these 
agents. PI3KCA mutational status as a biomarker 
of endocrine sensitivity/resistance is still contro-
versial. Further studies with new PI3K inhibitors 
allowing the inclusion of premenopausal patients 
should be considered.

Specific mutations in the ER (ESR1) gene, 
namely, in the ER ligand-binding domain, appear 
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to be associated with acquired resistance to 
AI. Such mutations are rare in primary breast can-
cers but are found in 10–40% of recurrent/meta-
static disease, especially after long-term ET that 
includes AIs [90, 91]. Some of these mutations 
may lead to relative resistance to tamoxifen and 
fulvestrant and may require higher doses of ful-
vestrant [92]. Several ongoing trials are exploring 
higher doses of fulvestrant in (NCT01823835) 
or testing new SERDs, namely, AZD9496 
(NCT02248090).

Despite all research efforts, no biomarkers 
exist apart from ER/PR, to select patients for 
specific endocrine-based approaches, and further 
research is necessary. In particular, age alone is 
not a reason to give preference to chemotherapy 
over ET and to treat young patients with ABC 
more aggressively.

Besides standard systemic treatment, met-
ronomic anticancer therapy is becoming more 
widely used in patients with ABC.  Future 
research would identify the best “metronomic” 
agents and define the biologically optimal dose 
of each agent, used either alone or in combina-
tion, as well as the timing of drug administration. 
Combinations of metronomic with radiotherapy 
and/or targeted therapy are also under evaluation.

12.11  Conclusions

ET with or without biological therapies is the 
preferred treatment for advanced ER + ABC, 
except for highly symptomatic patients, with vis-
ceral crisis or life-threatening disease in which 
rapid disease control is needed.

Young women have specific medical and psy-
chosocial concerns that need to be addressed in a 
multidisciplinary setting.

Premenopausal patients should not be 
excluded from clinical trials of endocrine-based 
approaches, as long as they are rendered post-
menopausal by OFS/OA, and should be treated 
with the same options available for postmeno-
pausal patients with regular monitoring of LH, 
FSH, and serum estrogens, ensuring adequate 
OFS/OA in initially premenopausal women.

For HER2-positive ABC, the early use of anti- 
HER2 agents, the use of trastuzumab beyond 
progression, and the availability of the different 
anti-HER2 agents have changed the control and 
the evolution of this ABC subtype. There are no 
specific recommendations for younger patients 
with HER2-positive ABC.

For TN ABC, chemotherapy is the main-
stay of the treatment, and there are also no 
specific recommendations for young patients. 
Combination chemotherapy should be reserved 
for life- threatening disease or highly symp-
tomatic patients and should not be preferred in 
younger patients. Several new agents are also 
under intense research, aiming to optimize the 
management of TN ABC.
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Breast Cancer During Pregnancy

Sibylle Loibl and Sabine Seiler

13.1  Introduction

Cancer is the second leading cause of death 
during the reproductive years and complicates 
between 1:1000 and 2000 pregnancies [1]. The 
most frequent cancers in women of childbearing 
age are breast and cervical cancer, leukemia, lym-
phoma, and malignant melanoma. Although rare, 
breast cancer is one of the most common cancers 
diagnosed during pregnancy. The reported crude 
incidence rate varies from 1.3 to 7.9 per 100.000 
births in population-based studies [2–5]. Allied to 
the upward trend of breast cancer occurrence and 
the current tendency to postpone childbearing to 
the later reproductive years, the incidence rate 
of pregnancy-associated breast cancer has been 
increasing during the last few decades [6–8].

Throughout the literature the definition of 
pregnancy-associated breast cancer varies from 
study to study and refers to breast cancer diag-
nosed during and up to few years subsequent to 
a delivery. The most common used specific defi-
nition of pregnancy-associated breast cancer is 

restricted to diagnosis of breast cancer during or 
within 1 year after delivery.

Delayed diagnosis and suboptimal therapy 
worsen prognosis. The general treatment con-
cepts should adhere as much as possible to 
those of young nonpregnant female patients. 
This chapter summarizes the current therapeutic 
approaches of breast cancer during pregnancy 
with focus on systemic therapy, surgical manage-
ment, and radiation therapy as well as on staging 
workup and aims to provide practical guidance 
on identifying the best treatment strategy.

13.2  Prognosis

Eighty percent of pregnancy-associated breast 
cancers are described to be nodal positive at time 
of first diagnosis. During pregnancy, hormone- 
induced physiological changes of glandular 
mammary tissue progressively complicate breast 
exam and may hinder detection of suspicious 
masses, resulting in more locally advanced dis-
eases at the time of diagnosis compared with 
nonpregnant women [9]. However, histologic 
characteristics and breast cancer subtypes are 
comparable between pregnant and nonpreg-
nant women. Breast cancers during pregnancy 
are almost exclusively invasive-ductal, 50% 
are hormone- receptor negative and in 75% 
of cases undifferentiated [10]. Data regarding 
maternal prognosis is in part contradictory, and 
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 heterogeneous patient cohorts as well as the use 
of outdated therapies complicate the compara-
bility of published studies. This information is 
important when patients are counseled. Results 
from an international collaborative study show 
similar survival rates for patients diagnosed with 
breast cancer during pregnancy compared with 
nonpregnant patients [11]. This is in contrast to 
the results of a meta- analysis of 30 studies with 
3628 pregnant and 37,100 nonpregnant women. 
Here, breast cancer-associated pregnancies are 
independently associated with poor survival, 
particularly those diagnosed shortly postpartum 
[12]. Findings of a more recent study reported by 
Callihan et al. also show that diagnosis of breast 
cancer during the first 5 years postpartum con-
fers poorer maternal prognosis [13]. Thus, physi-
ological and/or biological changes of the breast 
microenvironment during lactation may have a 
significant and so far unclear role in the pathobi-
ology and prognosis of breast cancer-associated 
pregnancies.

13.3  Clinical Presentation 
and Diagnostic Evaluation

During pregnancy, hormone-induced prolifera-
tion and differentiation of glandular mammary 
tissue result in an increase of breast density, 
breast volume, and sometimes nipple discharges. 
These physiological changes progressively com-
plicate the clinical breast exam during preg-
nancy. Therefore, a clinical breast examination 
by the doctor at the beginning of pregnancy is 
recommended. However, most breast cancers 
during pregnancy are diagnosed by the patients 
themselves.

Even if 80% of breast masses found during 
pregnancy are benign, it is important to note that 
delayed treatment of breast cancer during preg-
nancy by 1 month increases the risk of nodal 
involvement by 0.9–1.8%, whereas a delay of 
6 months increases the risk by 5.1–10.2% [14, 
15]. In consequence, any clinically suspicious 
and persistent breast or axillary mass as well as 
breast inflammation should be evaluated without 
delay via diagnostic imaging and investigated 
by imaging- guided core biopsy for histologi-

cal diagnosis. The pathologist must be informed 
about the pregnancy to avoid misinterpretation of 
pregnancy-related changes. Due to physiological 
hyperproliferative tissue changes during preg-
nancy, fine needle biopsy and aspiration cytology 
may give false-negative or false-positive results 
and are generally not recommended during preg-
nancy [16].

13.4  Imaging and Staging 
Workup

During pregnancy, it is important to balance the 
clinical needs and benefits of the mother with 
the potential risk for adverse effects to the child. 
Ionizing radiation exposure occurs with common 
imaging modalities and could cause significant 
harm to the fetus. In general, ionizing radiation 
exposure is affected by imaging technique, proper 
accomplishment, anatomic site, and gestational 
age. Therefore, imaging and staging workup for 
patients with breast cancer during pregnancy may 
deviate from existing guidelines and should be 
individualized in order to reduce the risk of fetal 
radiation exposure.

Deterministic effects do not occur below 
certain threshold doses but include teratogenic 
effects such as malformations, impaired men-
tal and growth development, and fetal death 
due to damage of multiple cells. The threshold 
for harmful effects on the fetus is estimated to 
be approximately 100  mGy, with uncertainty 
between 50 and 100 Gy. However, the risk and 
severity increase with the given radiation dose 
[17]. Especially during organogenesis in the first 
trimester, exposure above the threshold may lead 
to clinically important and severe deterministic 
effects, whereas the risk of toxicity is decreasing 
in the second and third trimester.

Stochastic effects cause damage of single cells 
and may lead to carcinogenic effects like child-
hood cancer and leukemia. The risk of stochastic 
effects increases with escalating radiation dose 
and there is no threshold dose. Even if stochastic 
effects are thought to be small, they should be 
discussed with the patient.

Awareness of radiation doses of imaging 
modalities may contribute to reduction in the risk 
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of fetal radiation exposure. Whenever possible, 
clinicians should choose an imaging modality 
during pregnancy that has little or no ionizing 
radiation. Ultrasound can be safely and effectively 
performed during the whole pregnancy. Due to 
lack of ionizing radiation, the possibility to dis-
criminate between benign and malignant lesions, 
and its high sensitivity in the detection of breast 
cancer during pregnancy, ultrasound is the primary 
imaging technique and is generally recommended 
for the further evaluation of a pregnant patient pre-
senting with a palpable breast/axillary mass [16, 
18]. In addition, it can be used for abdominal stag-
ing, to guide core biopsies and to assess response 
during neoadjuvant systemic treatment.

Bilateral mammography should be performed 
in pregnant patients with already confirmed 
malignant disease or with unclear and highly 
suspicious masses. In this context, it must be 
remembered that the assessment of a mammog-
raphy during pregnancy is more challenging due 
to the cumulative higher breast density in young 
women and the physiological changes induced 
by the pregnancy. Therefore, sensitivity of this 
imaging modality is reduced. Robbins et  al. 
report a 78–100% for mammography compared 
with a 100% sensitivity for ultrasound [18]. As 
in nonpregnant women, mammography should 
always be performed bilateral in order to deter-
mine not only the extent of disease of the affected 
breast but also to evaluate the contralateral breast 
and to assess suspicious microcalcifications.

Due to a minimal ionizing radiation exposure 
to the uterus and fetus of less than 0.03  μGy, 
mammography can be performed safely dur-
ing pregnancy with an extremely low risk to the 
fetus. Ionizing radiation exposure could be fur-
ther decreased by adequate lead shielding tech-
niques [18, 19].

Long-term safety of magnetic resonance 
imaging (MRI) during the first trimester as well 
as of gadolinium-based contrast agents during the 
whole pregnancy remains unclear. Gadolinium 
crosses the blood-placental barrier and is consid-
ered to be teratogenic [20].

In a retrospective Canadian cohort study, 
the exposure to MRI during the first trimester 
of pregnancy compared with non-exposure was 
not associated with increased risk of fetal harm, 

whereas gadolinium-based MRI at any time dur-
ing pregnancy was associated with an increased 
risk for stillbirth or neonatal death and of rheu-
matological, inflammatory, or infiltrative skin 
conditions in childhood [21]. In addition, pro-
spective clinical data concerning sensitivity and 
specificity of breast MRI during pregnancy are 
lacking. Therefore, contrast- enhanced MRI of 
the breast is not recommended during pregnancy, 
whereas non-contrast MRI is thought to be safe 
for the fetus in the second and third trimester and 
may be considered for staging procedures [22].

Staging procedures should be performed 
during pregnancy only if they will change the 
treatment plan. Unnecessary or less accurate pro-
cedures should be avoided. The following imag-
ing procedures are considered to be safe and can 
be used to determine the extent of the disease:

• Chest X-ray with abdominal shielding
• Ultrasound of the liver

Bone scans, contrast-enhanced computed 
tomography (CT), and positron-emission 
tomography/CT (PET-CT) are generally not 
recommended during pregnancy. If indicated, a 
non-contrast MRI of the suspicious area could 
be considered. After delivery, staging procedures 
should be completed.

In theory, the placenta is an ideal environment 
for tumor cells due to the large surface and pro-
nounced blood flow. However, only a few cases 
of placental metastases have been described in 
the global literature and documented maternal 
metastases to the child are exceptional, with only 
17 cases described so far [23]. Despite this, histo-
pathological evaluation of the placenta should be 
performed after delivery [16].

13.5  General Concepts 
on Treatment of Breast 
Cancer During Pregnancy

Most treatment options including surgery and 
chemotherapy can be performed during preg-
nancy depending on the gestational age at diag-
nosis. However, the selection and timing of local 
and systemic therapies must be adapted to ensure 
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patient’s wish and safety for both the fetus and 
the mother (Table  13.1). Therefore, treatment 
plan should be discussed by an experienced mul-
tidisciplinary team, including at least a neonatol-
ogist, perinatologist, obstetrician, oncologist, and 
a surgeon. The pregnant patient and her family 
should be clearly informed about maternal prog-
nosis, treatment strategies, as well as the impact 
of those on pregnancy and delivery and should be 
involved in the decision-making progress regard-
ing the planned treatment.

Clinicopathological tumor characteristics, 
genetic status, and patient’s desires determine the 
appropriate treatment. Delayed as well as subop-
timal therapy approaches impair the prognosis. In 
consequence, the general concepts concerning local 
and systemic treatment should adhere as much 
as possible to standardized protocols for young, 
nonpregnant patients. Postponement of therapy 
is generally not recommended and termination of 
pregnancy does not seem to improve prognosis of 
the patients [10]. However, termination of preg-
nancy can be considered during the first trimester in 
case of advanced breast cancer and poor maternal 
prognosis if desired by the patient and her family.

13.6  Surgical Considerations

Surgical recommendations for patients with 
breast cancer during pregnancy are similar to 
recommendations for nonpregnant patients. In 

general, surgical treatment can safely be done 
throughout the whole period of pregnancy with 
the highest possible safety for mother and child 
during the second trimester [24]. Table 13.2 sum-
marizes the current key points for surgery of 
breast cancer during pregnancy.

If surgery of breast cancer is indicated during 
the first trimester, increased risk for an abortion 
should be discussed, whereas during the third tri-
mester, there is an increased risk for intraopera-
tive fetal hypoxia/asphyxia as well as for preterm 
labor and delivery.

Historically, mastectomy was the standard 
surgical treatment for patients with breast can-
cer during pregnancy [14]. It should be noted 
that mastectomy is not mandatory solely on the 
basis of pregnancy. Surgical planning depends on 
stage, genetic status, gestational age, and planned 
systemic treatment. Most routine operations such 
as breast-conserving surgery and mastectomy 
as well as sentinel node biopsy and/or axillary 
node dissection can safely be performed during 
pregnancy [25]. However, it should be taken into 
account that radiotherapy during pregnancy is 
generally contraindicated and delaying or post-
poning radiotherapy until after delivery might 
increase the risk for locoregional recurrence [26]. 
Radiotherapy might be safely applied during the 
first or early second trimester. For many patients 
with breast cancer during pregnancy, chemother-
apy is indicated. Neoadjuvant chemotherapy can 
provide improved options for breast-conserving 

Table 13.1 Therapeutic options for breast cancer during pregnancy

Therapeutic option First trimester Second trimester Third trimester
Radiotherapy Only in exceptional cases during the 

first and early second trimestera

Contraindicated

Chemotherapyb Contraindicated Feasiblec

Endocrine therapies Contraindicated
Targeted therapies Contraindicated
Breast surgery Feasible
SNB Feasible

SNB Sentinel lymph node biopsy
aWith careful consideration of possible fetal risks
bThe use of standard regimes with anthracyclines, cyclophosphamide, and taxanes is widely accepted
cChemotherapy should be stopped 3–4 weeks before delivery to prevent hematologic toxicity to mother and child dur-
ing/after delivery
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surgery due to reducing the size of cancer and 
will often postpone surgery until third trimester 
or delivery. In consequence, radiation therapy 
may then be performed postpartum without detri-
mental treatment delay.

Breast reconstruction after mastectomy is an 
important component in the treatment plan. For 
patients with breast cancer during pregnancy, 
unpredictable physiological changes of the breast 
during and after pregnancy as well as operation 
time must be considered. To date, available data 
concerning immediate breast reconstruction after 
mastectomy in patients with breast cancer during 

pregnancy is based on a single published experi-
ence. Lohsiriwat et al. reported a short operation 
time and excellent pregnancy outcomes without 
obstetrical or maternal complications after sur-
gery in 78 patients who underwent immediate 
breast reconstruction with expander following 
mastectomy for breast cancer during pregnancy 
[27]. Hence, immediate breast reconstruction 
could be considered during pregnancy, whereas 
contralateral reshaping and definitive implants 
are not appropriate. Breast reconstruction by 
autologous tissue is generally not recommended 
during pregnancy due to the long duration of 
operations, increased risk of blood loss, and pos-
sible postoperative complications.

Sentinel lymph node biopsy (SNB) is an 
accepted standard of care in patients with local-
ized, clinically node-negative disease. Due to 
radiation exposure in the context of lymphos-
cintigraphy with radiocolloid reagent, possible 
teratogenicity of blue dyes, as well as possible 
maternal anaphylaxis to blue dyes, concerns on 
SNB in patients with breast cancer during preg-
nancy have been numerous. In consequence, the 
role of SNB in pregnancy has been the subject 
of controversy, and historically, consensus pan-
els recommended against SNB in pregnancy. 
Previously published data describe maternal and 
fetal outcomes following SNB during pregnancy, 
and despite concerns, it has been shown that SNB 
can be safely and effectively performed during 
pregnancy [28–30].

Fetal radiation exposure depends inter alia on 
dose and timepoint of radiocolloid injection and 
ranges from 1.14 μGy to 4.3 mGy—well below 
the threshold of concern for fetal harm [28, 31]. 
Therefore, the lowest possible radiocolloid dose 
should be injected on the same day of the opera-
tion. Tracer is excreted via the kidneys and inser-
tion of a bladder catheter could further reduce the 
fetal radiation exposure.

Both isosulfan blue and methylene blue are 
pregnancy class C drugs, with an unknown poten-
tial for teratogenicity, and, in addition, isosulfan 
blue can cause maternal anaphylaxis. Therefore, 
lymphatic mapping with blue dyes is generally 
not recommended during pregnancy [16, 30].

Table 13.2 Key points for surgery of breast cancer dur-
ing pregnancy

Trimester Surgical considerations
I. 1.  In general, operations are feasible but 

increased risk for an abortion
2.  Depending on maternal prognosis and 

week of gestation, consider 
postponement of surgery until second 
trimester

3.  Breast-conserving surgery or 
mastectomy, sentinel node biopsy, or 
axillary node dissection: indication as in 
nonpregnant women

4.  Breast-conserving therapy → delay of 
radiotherapy might increase risk for 
locoregional recurrence

II. 1.  Trimester of pregnancy with the highest 
possible safety for mother and child

2.  Breast-conserving surgery or 
mastectomy, sentinel node biopsy, or 
axillary node dissection: indication as in 
nonpregnant women

3.  Consider neoadjuvant chemotherapy to 
achieve improved options for breast- 
conserving surgery

4.  In case of breast-conserving 
therapy → delay of radiotherapy has to 
be considered

III. 1.  Increased risk for an intraoperative fetal 
hypoxia/asphyxia as well as for preterm 
labor and delivery

2.  Consider surgery followed by adjuvant 
chemotherapy after delivery

3.  Consider neoadjuvant chemotherapy to 
achieve improved options for breast- 
conserving surgery

4.  Breast-conserving surgery or 
mastectomy, sentinel-node biopsy, or 
axillary node dissection: indication as in 
nonpregnant women
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13.7  Radiotherapy

Radiotherapy plays an important role in the treat-
ment of breast cancer. However, pregnancy is 
considered one of the few radiotherapy contra-
indications because deterministic and stochastic 
effects on the developing fetus may induce mal-
formations, spontaneous abortions, neurodevel-
opmental disorders, carcinogenic and even lethal 
effects [32]. In general, it is recommended to 
delay radiotherapy whenever possible until after 
delivery, but as already mentioned, postponing 
radiotherapy might lead to an increased risk for 
locoregional recurrence [26]. When radiotherapy 
during pregnancy is indicated, maternal risks of 
delaying radiotherapy and disadvantages for the 
fetus should be carefully weighed. Radiation dose 
received by the fetus depends on both gestational 
age and the distance between the uterus and the 
radiotherapy field and could be further decreased 
by adequate shielding techniques. During the first 
months of pregnancy, the uterus lies protected 
within the pelvis and the fetal dose will be 0.1–
0.3% of the dose to the irradiated breast which is 
considered to carry low fetal risk [33]. To date, 
available data concerning radiotherapy during 
pregnancy is based only on case reports and low 
fetal doses have been shown to result in delivery 
of healthy babies. In consequence, radiotherapy 
might be considered during the first or early sec-
ond trimester of pregnancy, if clinically strictly 
indicated.

13.8  Systemic Therapy

13.8.1  Chemotherapy

When chemotherapy is indicated for patients 
with breast cancer during pregnancy, gestational 
age at diagnosis must be considered. Due to 
organogenesis and the risk for major fetal mal-
formations and abortions, chemotherapy is gen-
erally contraindicated during the first trimester of 
pregnancy. After completion of the first trimester, 
administration of chemotherapy in the neoad-
juvant as well as the adjuvant setting is widely 
accepted [16].

Most of the available data on teratogenic risk 
of chemotherapy are based on case reports and 
retrospective series. The rates of fetal malfor-
mations have been shown to be approximately 
3–5%, comparable with rates reported for the 
general population in the USA (3%) and to rates 
reported in a German registry study (6.9%) and 
in the registry of the International Network on 
Cancer, Infertility and Pregnancy (4%) [34–36].

In addition, German study results demon-
strated that although more complications were 
reported for children exposed to systemic ther-
apy during pregnancy, complications were more 
common among children after premature deliv-
ery, irrespective of exposure to systemic therapy 
during pregnancy [10].

In general, systemic treatment regimens should 
adhere as much as possible to standardized pro-
tocols for young, nonpregnant patients. Delayed 
as well as suboptimal therapy approaches might 
worsen prognosis. However, the selection of sys-
temic therapies must be modified to ensure the 
safety of the fetus. Table 13.3 summarizes the cur-
rent key points for chemotherapy during pregnancy.

Due to potential fetal toxicity, targeted agents 
like trastuzumab and pertuzumab should be 
avoided during pregnancy [37]. The use of stan-
dard chemotherapies for breast cancer such as 
anthracyclines, cyclophosphamide, and taxanes 

Table 13.3 Key points for chemotherapy during 
pregnancy

1.  Chemotherapy is generally contraindicated during 
the first trimester of pregnancy

2.  Chemotherapy regimens should adhere as much as 
possible to standardized published protocols for 
young, nonpregnant patients. Neither decrease nor 
increase the dose or the treatment intervals

3.  Anthracycline- and taxane-based chemotherapy 
regimens can be safely initiated in the second and 
third trimester. Anti-HER2 therapy is 
contraindicated and should be postponed until after 
delivery

4. Maintain dose intensity
5.  In order to avoid underdosing, each dose of 

chemotherapy should be based on the actual body 
surface area (with exception of overweight women)

6.  Chemotherapy should be stopped 3–4 weeks before 
delivery to prevent hematologic toxicity to mother 
and child during/after delivery
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during the second and third trimester is widely 
accepted, and in consequence administration of 
standard combination therapies such as epirubicin 
in combination with cyclophosphamide  followed 
by weekly paclitaxel (or the reverse sequence) can 
be used during pregnancy [38]. Anthracycline- or 
taxane-free regimens or 5- fluorouracil should be 
avoided because they are not considered to be 
the standard in young nonpregnant women. The 
use of carboplatin for the neoadjuvant treatment 
of nonpregnant women with triple-negative/
BRCA-mutated breast cancer has been shown 
to increase the pathological complete response 
[39–41]. However, data concerning the long-term 
survival outcome are still limited, and there is an 
obvious transfer of platinum agents through the 
placental barrier [42]. de Haan et al. reported a 
possible relationship between platinum-based 
chemotherapy and small for gestational birth, but 
this is based on a limited number of patients with 
mainly non- breast cancers [35]. Therefore, risks 
to the fetus and benefits for the mother must be 
weighed carefully. The preferred platinum salt is 
carboplatin due to the lower overall toxicity [37].

In nonpregnant high-risk patients, dose-dense 
or intensified dose-dense adjuvant chemotherapy 
has improved survival outcomes compared with 
conventional treatment schedules every 3 weeks 
[43, 44]. While dose-dense chemotherapy seems 
to be an option during pregnancy, intensified 
dose-dense chemotherapy is associated with 
more hematotoxicity and data concerning the use 
of granulocyte colony-stimulating factor are still 
limited [45]. Nonetheless, intensified dose-dense 
chemotherapy can be considered after careful 
risk benefit analysis in high-risk primary breast 
cancer patients.

Pregnancy-related changes in maternal physi-
ology such as changes in hepatic metabolism, 
renal clearance, and blood volume must be 
taken into account and can affect the optimal 
drug dosing in pregnant patients. Especially 
increased activity of major enzymes involved 
in the metabolism of taxanes and anthracyclines 
during the late trimester of pregnancy may result 
in decreased maternal drug exposure. A com-
parison of pregnant versus nonpregnant patients 
in terms of pharmacokinetics of taxanes and 

anthracyclines reported, especially for paclitaxel, 
significantly decreased serum levels in the preg-
nant cohort [46]. However, it remains unclear if 
chemotherapy doses should be increased during 
pregnancy. In general, increasing the dose is not 
recommended, but reevaluation of dosing based 
on current weight and body surface area should 
be performed prior to every cycle.

Unfortunately, data regarding supportive 
treatment for pregnant patients receiving chemo-
therapy is very limited and the optimal supportive 
treatment during pregnancy is not well estab-
lished. Supportive treatment is necessary for the 
majority of chemotherapy regimens and should 
be applied whenever indicated to ensure optimal 
safety for the mother as well as the unborn [37].

13.8.2  Targeted Therapies

Based on published case studies, in utero expo-
sure of trastuzumab has been shown to be asso-
ciated with oligohydramnios and anhydramnios, 
renal insufficiency, skeletal abnormalities, pul-
monary hypoplasia, and fetal death [47, 48]. 
Therefore, administration of anti-HER2 therapy 
is contraindicated during all trimesters of preg-
nancy. However, in case of accidental fetal expo-
sure to trastuzumab, fetus as well as amniotic 
fluid should be closely monitored.

Use of pertuzumab, bevacizumab, everoli-
mus, and palbociclib as well as bone-modifying 
 therapies have not been studied during pregnancy 
and are strictly contraindicated.

13.8.3  Endocrine Therapy

Endocrine therapy is of major therapeutic value in 
patients with hormone receptor-positive tumors. 
Endocrine agents, such as the selective estrogen 
receptor modulator tamoxifen, aromatase inhibi-
tors, and ovarian suppression, can disturb the 
hormonal environment and are contraindicated 
during pregnancy and lactation. Tamoxifen, the 
mainstay of endocrine therapy in premenopausal 
women, has the potential to induce fetal harm 
during pregnancy and is associated with birth 

13 Breast Cancer During Pregnancy



150

defects including craniofacial malformations, 
ambiguous genitalia, and fetal death as well as 
vagina bleeding and miscarriage [49–51].

13.9  Treatment of Metastatic 
Breast Cancer

Among the pregnant breast cancer population, 
only a minority presents with stage IV disease 
[10, 35]. General concepts concerning onco-
logical management should adhere as much as 
possible to those of nonpregnant patients with 
advanced disease. However, the use of systemic 
therapies in the palliative setting is a challenging 
situation due to potential side effects of drugs to 
the fetus which may require restrictions regard-
ing endocrine and targeted therapies.

Pregnancy-preserving management should 
be considered for women with favorable thera-
peutic index and low-burden metastatic disease. 
Therefore, administration of chemotherapies 
with single agents to control disease and symp-
toms is considered to be the optimal systemic 
anticancer treatment after completion of the first 
trimester until delivery. Trastuzumab and endo-
crine therapies are generally not recommended 
during all trimesters of pregnancy. However, 
individual decisions may be taken in urgent situ-
ations of advanced disease [48, 50]. For those 
women for whom trastuzumab is deemed neces-
sary, risk of oligohydramnios and anhydramnios 
needs to be considered. Therefore, close moni-
toring of amniotic fluid levels, fetal growth, and 
kidney function are required.

For pregnant patients with unfavorable thera-
peutic index and poor prognosis, termination of 
pregnancy may be discussed in the first trimester 
to avoid restrictions or delay in treatment.

13.10  Obstetrical Considerations

Timing is very important in treating patients with 
breast cancer during pregnancy. Therefore, the 
complex therapeutic strategies should be estab-
lished in a multidisciplinary setting, incorporating 
a neonatologist, a perinatologist, and an obstetri-

cian. The morbidity and mortality risk is higher 
in preterm-delivered infants. Premature delivery 
increases the risk of neurodevelopmental impair-
ment with a direct correlation between gestational 
age at birth and negative outcomes [52]. Therefore, 
premature delivery should be avoided, whenever 
possible. However, a high frequency of preterm 
deliveries in patients with cancer during pregnancy 
was shown. Investigators of a German registry 
described a rate of preterm delivery of 50% with 
a mean gestational age at delivery of 36–37 weeks 
[10]. The most recent cohort study reports an 
overall frequency of live birth <37 weeks of 43% 
[35]. In addition, antenatal chemotherapy has been 
shown to be associated with an increased risk of 
preterm rupture (3 vs. 0%) of membranes and pre-
term labor (6 vs. 2%) [10].

The available evidence on neonatal and long- 
term consequences of in utero exposure to sys-
temic therapies is still based on small numbers 
with a short follow-up period and focus on mor-
phologic observations made very close to the 
time of delivery. Data collected on children’s 
long-term toxicity such as delayed effects of 
treatment on general development and cardiac 
development as well as on neurological, intellec-
tual, and behavioral functioning are incomplete 
and are hampered by a lack of well-designed 
population-based studies. However, several 
cohort studies of children who were exposed to 
chemotherapy in utero showed no impairment of 
neurodevelopment and auditory, cardiac, or gen-
eral health development as well as no increased 
rate of congenital abnormalities compared with 
general population standards. But prematurity 
was correlated with impaired cognitive out-
come, independent of cancer treatments [53–56]. 
Intrauterine growth may be affected and needs 
close monitoring. While some studies found nor-
mal weights and heights according to gestational 
health, others reported an increased incidence of 
intrauterine growth restriction [10, 53].

In addition to standard prenatal care, regular 
ultrasound assessments of fetal growth and amni-
otic fluid in combination with Doppler measure-
ments should be performed prior to the start of 
therapy and at least every 3  weeks in order to 
follow the course of pregnancy and the develop-
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ment of the fetus. Delivery should be planned as 
closely as possible to term. Regardless of ther-
apy, obstetric requirements and patient’s wish 
determine the mode of delivery. To allow recov-
ery of maternal and fetal bone marrow in order to 
reduce the risk of perinatal hematologic toxicity, 
chemotherapy should be discontinued at approxi-
mately week 35–37 of gestation [37]. Depending 
on mode of delivery, systemic therapy could be 
restarted 2–3 weeks after birth.

13.11  Breastfeeding

Based on available data, it is not necessary to 
wean breastfeeding if the systemic therapy has 
been terminated 4  weeks prior to initiation of 
breastfeeding. However, if a further systemic 
therapy is indicated, the mother should be advised 
to wean after the delivery [57]. Of note, the deci-
sion to delay further systemic treatment in order 
to allow lactation should be based on individual 
risk. Effects of radiation on lactation have not 
been studied and should be avoided.

13.12  Conclusion

Treatment of breast cancer during pregnancy is an 
enormous challenge for the pregnant women, her 
family, as well as for the treatment team. Breast 
cancer during pregnancy can be treated closely to 
the standards for nonpregnant women. However, 
the selection and timing of local and systemic ther-
apies must be modified to ensure safety to both the 
fetus and the mother and should be discussed by an 
experienced multidisciplinary team. Of course, the 
pregnant women and the family should be clearly 
informed about maternal prognosis, treatment 
strategies, as well as impact on pregnancy and 
delivery and should be involved in the decision-
making progress concerning the planned treatment.

Further research is needed to provide all 
patients diagnosed with breast cancer during 
pregnancy with the best individualized treatment 
plan in order to optimize maternal and neonatal 
outcomes. Since there are no randomized stud-
ies feasible in patients with breast cancer during 

pregnancy, register studies need to be supported 
and international collaborations to be continued 
and expanded.

References

 1. Pavlidis NA.  Coexistence of pregnancy and malig-
nancy. Oncologist. 2002;7(4):279–87.

 2. Stensheim H, Moller B, van Dijk T, et  al. Cause- 
specific survival for women diagnosed with cancer 
during pregnancy or lactation: a registry-based cohort 
study. J Clin Oncol. 2009;27(1):45–51.

 3. Lee YY, Robets CL, Dobbins T, et al. Incidence and 
outcomes of pregnancy-associated cancer in Australia, 
1994–2008: a population-based linkage study. BJOG. 
2012;119(13):1572–82.

 4. Haas JF.  Pregnancy in association with newly diag-
nosed cancer: a population-based epidemiologic 
assessment. Int J Cancer. 1984;34(2):229–35.

 5. Abenhaim HA, Azoulay L, Holcroft CA, et  al. 
Incidence, risk factors, and obstetrical outcomes of 
women with breast cancer in pregnancy. Breast J. 
2012;18(6):564–8.

 6. Sobotka T. United Nations Department of economic 
and social affairs. Pathways to low fertility: European 
perspectives. Expert Paper No 2013/08.

 7. Andersson TM, Johansson AL, Hsieh CC, et  al. 
Increasing incidence of pregnancy- associated breast can-
cer in Sweden. Obstet Gynecol. 2009;114(3):568–72.

 8. Koch-Institut R. (Hrsg) und die Gesellschaft der 
epidemiologischen Krebsregister in Deutschland 
e.V. (Hrsg). Krebs in Deutschland 2011/2012. 10. 
Ausgabe. Berlin, 2015.

 9. Amant F, Loibl S, Neven P, et  al. Breast cancer in 
pregnancy. Lancet. 2012;379(9815):570–9.

 10. Loibl S, Han SN, von Minckwitz G, Bontenbal 
M, et  al. Treatment of breast cancer during preg-
nancy: an observational study. Lancet Oncol. 
2012;13(9):887–96.

 11. Amant F, von Minckwitz G, Han SN, et al. Prognosis 
of women with primary breast cancer diagnosed dur-
ing pregnancy: results from an international collab-
orative study. J Clin Oncol. 2013;31(20):2532–9.

 12. Azim HA Jr, Santoro L, Russell-Edu W, et  al. 
Prognosis of pregnancy-associated breast cancer: 
a meta-analysis of 30 studies. Cancer Treat Rev. 
2012;38:834–42.

 13. Callihan EB, Gao D, Jindal S, et  al. Postpartum 
diagnosis demonstrates a high risk for metastasis 
and merits an expanded definition of pregnancy- 
associated breast cancer. Breast Cancer Res Treat. 
2013;138(2):549–59.

 14. Woo JC, Yu T, Hurd TC. Breast cancer in pregnancy: 
a literature review. Arch Surg. 2003;138(1):91–8.

 15. Nettleton J, Long J, Kuban D, et al. Breast cancer dur-
ing pregnancy: quantifying the risk of treatment delay. 
Obstet Gynecol. 1996;87:414–8.

13 Breast Cancer During Pregnancy



152

 16. Amant F, Deckers S, Van Calsteren K, et  al. Breast 
cancer in pregnancy: recommendations of an 
international consensus meeting. Eur J Cancer. 
2010;46(18):3158–68.

 17. American College of Radiology. ACR–SPR practice 
parameter for imaging pregnant or potentially preg-
nant adolescents and women with ionizing radiation. 
In:  Resolution, vol. 39. Reston, VA: ACR; 2014. 
https://www.acr.org/Search-Results#q=pregnant%20
patients. Accessed 12 Mar 2018.

 18. Robbins J, Jeffries D, Roubidoux M, Helvie 
M. Accuracy of diagnostic mammography and breast 
ultrasound during pregnancy and lactation. AJR Am J 
Roentgenol. 2011;196(3):716–22.

 19. Vashi R, Hooley R, Butler R, et  al. Breast imaging 
of the pregnant and lactating patient: imaging modali-
ties and pregnancy associated breast cancer. AJR Am 
J Roentgenol. 2013;200(2):321–8.

 20. Nguyen CP, Goodman LH. Fetal risk in diagnostic radi-
ology. Semin Ultrasound CT MR. 2012;33(1):4–10.

 21. Ray JG, Vermeulen MJ, Bharatha A, et al. Association 
between MRI exposure during pregnancy and fetal and 
childhood outcomes. JAMA. 2016;316(9):952–61.

 22. Patenaude Y, Pugash D, Lim K, et  al. Diagnostic 
imaging committee; Society of Obstetricians and 
Gynaecologists of Canada. The use of magnetic 
resonance imaging in the obstetric patient. J Obstet 
Gynaecol Can. 2014;36(4):349–63.

 23. Pavlidis N, Pentheroudakis G. Metastatic involvement 
of placenta and foetus in pregnant women with can-
cer. Recent Results Cancer Res. 2008;178:183–94.

 24. Berry DL, Theriault RL, Holmes FA, et  al. 
Management of breast cancer during pregnancy 
using a standardized protocol. J Clin Oncol. 
1999;17(3):855–61.

 25. Toesca A, Gentilini O, Peccatori F, et al. Locoregional 
treatment of breast cancer during pregnancy. Gynecol 
Surg. 2014;11(4):279–84.

 26. Huang J, Barbera L, Brouwers M, et  al. Does 
delay in starting treatment affect the outcomes of 
radiotherapy? A systematic review. J Clin Oncol. 
2003;21(3):555–63.

 27. Lohsiriwat V, Peccatori FA, Martella S, et  al. 
Immediate breast reconstruction with expander 
in pregnant breast cancer patients. Breast. 
2013;22(5):657–60.

 28. Gentilini O, Cremonesi M, Toesca A, et  al. 
Sentinel lymph node biopsy in pregnant patients 
with breast cancer. Eur J Nucl Med Mol Imaging. 
2010;37(1):78–83.2.

 29. Khera SY, Kiluk JV, Hasson DM, et  al. Pregnancy- 
associated breast cancer patients can safely undergo 
lymphatic mapping. Breast J. 2008;14:250–4. 3

 30. Gropper AB, Calvillo KZ, Dominici L, et al. Sentinel 
lymph node biopsy in pregnant women with breast 
cancer. Ann Surg Oncol. 2014;21:2506–11.

 31. Pandit-Taskar N, Dauer LT, Montgomery L, St 
Germain J, Zanzonico PB, Divgi CR.  Organ and 
fetal absorbed dose estimates from 99mTc-sulfur 
colloid lymphoscintigraphy and sentinel node 

localization in breast cancer patients. J Nucl Med. 
2006;47:1202–8.

 32. Otake M, Schull WJ, Lee S. Threshold for radiation- 
related severe mental retardation in prenatally 
exposed A-bomb survivors: a re-analysis. Int J Radiat 
Biol. 1996;70(6):755–63.

 33. Kal HB, Struikmans H.  Radiotherapy dur-
ing pregnancy: fact and fiction. Lancet Oncol. 
2005;6(5):328–33.

 34. National Toxicology Program. NTP monograph: 
developmental effects and pregnancy outcomes asso-
ciated with cancer chemotherapy use during preg-
nancy. NTP Monogr. 2013;2:i–214.

 35. de Haan J, Verheecke M, Van Calsteren K, et  al. 
International Network on Cancer and Infertility 
Pregnancy (INCIP). Oncological management and 
obstetric and neonatal outcomes for women diag-
nosed with cancer during pregnancy: a 20-year inter-
national cohort study of 1170 patients. Lancet Oncol. 
2018;19(3):337–46.

 36. Queisser-Luft A, Stolz G, Wiesel A, et  al. 
Malformations in newborn: results based on 30,940 
infants and fetuses from the Mainz congenital birth 
defect monitoring system (1990–1998). Arch Gynecol 
Obstet. 2002;266:163–7.

 37. Loibl S, Schmidt A, Gentilini O, et  al. Breast can-
cer diagnosed during pregnancy: adapting recent 
advances in breast cancer care for pregnant patients. 
JAMA Oncol. 2015;1(8):1145–53.

 38. Bines J, Earl H, Buzaid AC, Saad ED. Anthracyclines 
and taxanes in the neo/adjuvant treatment of breast 
cancer: does the sequence matter? Ann Oncol. 
2014;25(6):1079–85.

 39. von Minckwitz G, Schneeweiss A, Loibl S, et  al. 
Neoadjuvant carboplatin in patients with triple- 
negative and HER2-positive early breast cancer 
(GeparSixto; GBG 66): a randomised phase 2 trial. 
Lancet Oncol. 2014;15(7):747–56.

 40. Loibl S, O'Shaughnessy J, Untch M, et  al. Addition 
of the PARP inhibitor veliparib plus carbopla-
tin or carboplatin alone to standard neoadjuvant 
chemotherapy in triple-negative breast cancer 
(BrighTNess): a randomised, phase 3 trial. Lancet 
Oncol. 2018;19(4):497–509. https://doi.org/10.1016/
S1470-2045(18)30111-6.

 41. Sikov WM, Berry DA, Perou CM, et  al. Impact of 
the addition of carboplatin and/or bevacizumab to 
neoadjuvant once-per-week paclitaxel followed by 
dose-dense doxorubicin and cyclophosphamide on 
pathologic complete response rates in stage II to 
III triple-negative breast cancer: CALGB 40603 
(Alliance). J Clin Oncol. 2015;33(1):13–21.

 42. Köhler C, Oppelt P, Favero G, et al. How much plati-
num passes the placental barrier? Analysis of platinum 
applications in 21 patients with cervical cancer during 
pregnancy. Am J Obstet Gynecol. 2015;213(2):206.
e1–5.

 43. Gray R, Bradley R, Braybrooke J, et al. Increasing the 
dose density of adjuvant chemotherapy by shorten-
ing intervals between courses or by sequential drug 

S. Loibl and S. Seiler

https://www.acr.org/Search-Results#q=pregnant patients
https://www.acr.org/Search-Results#q=pregnant patients
https://doi.org/10.1016/S1470-2045(18)30111-6
https://doi.org/10.1016/S1470-2045(18)30111-6


153

administration significantly reduces both disease 
recurrence and breast cancer mortality: An EBCTCG 
meta-analysis of 21,000 women in 16 randomised tri-
als [abstract]. San Antonio Breast Cancer Symposium 
2017. Cancer Res. 2018;78(4 Suppl):GS1-01.

 44. Moebus V, Jackisch C, Lueck HJ, et al. Intense dose- 
dense sequential chemotherapy with epirubicin, 
paclitaxel, and cyclophosphamide compared with 
conventionally scheduled chemotherapy in high-risk 
primary breast cancer: mature results of an AGO 
phase III study. J Clin Oncol. 2010;28(17):2874–80.

 45. Cardonick E, Gilmandyar D, Somer RA.  Maternal 
and neonatal outcomes of dose-dense chemotherapy 
for breast cancer in pregnancy. Obstet Gynecol. 
2012;120(6):1267–72.

 46. van Hasselt JG, van Calsteren K, Heyns L, et  al. 
Optimizing anticancer drug treatment in pregnant can-
cer patients: pharmacokinetic analysis of gestation-
induced changes for doxorubicin, epirubicin, docetaxel 
and paclitaxel. Ann Oncol. 2014;25(10):2059–65.

 47. Gottschalk I, Berg C, Harbeck N, et  al. Fetal renal 
insufficiency following trastuzumab treatment 
for breast cancer in pregnancy: case report and 
review of the current literature. Breast Care (Basel). 
2011;6:475–8.

 48. Zagouri F, Sergentanis TN, Chrysikos D, et  al. 
Trastuzumab administration during pregnancy: a sys-
tematic review and meta-analysis. Breast Cancer Res 
Treat. 2013;137(2):349–57.

 49. Barthelmes L, Davidson LA, Gaffney C, 
Gateley CA.  Tamoxifen and pregnancy. Breast. 
2004;13(6):446–51.

 50. Isaacs RJ, Hunter W, Clark K. Tamoxifen as systemic 
treatment of advanced breast cancer during preg-
nancy—case report and literature review. Gynecol 
Oncol. 2001;80:405–8.

 51. Tewari K, Bonebrake RG, Asrat T, et al. Ambiguous 
genitalia in infant exposed to tamoxifen in utero. 
Lancet. 1997;350:183.

 52. Wang ML, Dorer DJ, Fleming MP, Catlin EA. Clinical 
outcomes of near-term infants. Pediatrics. 
2004;114(2):372–6.

 53. Avilés A, Neri N.  Hematological malignancies 
and pregnancy: a final report of 84 children who 
received chemotherapy in utero. Clin Lymphoma. 
2001;2(3):173–7.

 54. Nulman I, Laslo D, Fried S, et al. Neurodevelopment 
of children exposed in utero to treatment of maternal 
malignancy. Br J Cancer. 2001;85(11):1611–8.

 55. Amant F, Vandenbroucke T, Verheecke M, et  al. 
Pediatric outcome after maternal Cancer diagnosed 
during pregnancy. International network on Cancer, 
infertility, and pregnancy (INCIP). N Engl J Med. 
2015;373(19):1824–34.

 56. Cardonick E, Dougherty R, Grana G, et al. Breast can-
cer during pregnancy: maternal and fetal outcomes. 
Cancer J. 2010;16:76–82.

 57. Pistilli B, Bellettini G, Giovannetti E, et  al. 
Chemotherapy, targeted agents, antiemetics and 
growth-factors in human milk: how should we coun-
sel cancer patients about breastfeeding? Cancer Treat 
Rev. 2013;39(3):207–11.

13 Breast Cancer During Pregnancy



155© Springer Nature Switzerland AG 2020 
O. Gentilini et al. (eds.), Breast Cancer in Young Women, 
https://doi.org/10.1007/978-3-030-24762-1_14

Sexual Health and Body Image 
After Breast Cancer

Clara Hungr and Sharon Bober

14.1  Introduction

BC is currently the most commonly occurring 
cancer for women worldwide including cancers 
among younger, premenopausal women below 
age 50 [1]. Although new incident rates have 
remained relatively stable over the past decade 
[2], improvements in screening and treatment 
have resulted in steadily decreasing rates of mor-
tality with up to 90% of newly diagnosed women 
becoming long-term survivors [3]. However, 
this significant increase in survivorship also has 
brought recognition of treatment-related side 
effects characterized by both physical and psy-
chological difficulties.

Due to biological differences in younger, pre-
menopausal BC patients compared to their older 
cohort, young women more often face cancers 
that are more aggressive and require more inten-
sive treatments [4, 5]. These treatments typically 
involve full or partial surgical resection of the 
breast, chemotherapy, and radiation, and for 
women with estrogen receptor (ER)-positive 
cancers, anti-estrogen therapies [6]. Such inten-

sive treatments also lead to a host of challenges, 
which are unique to this age group. In particular, 
younger women report having greater difficulty 
with sexual function including gynecologi-
cal problems, as well as increased difficulties 
with body image and disruptions to relation-
ship intimacy [7, 8]. Unfortunately, changes in 
sexual function and body image are often not 
addressed as part of standard clinical care [9, 
10]. This chapter begins with a brief overview of 
the specific challenges that characterize young 
women’s psychosexual development, followed 
by a review of the impact of BC treatment on a 
young body image and sexuality. We will also 
discuss how cultural context is interwoven with 
these experiences [11]. Finally, practical sugges-
tions will be overviewed for effectively query-
ing young BC survivors about these issues, and 
recommendations will be offered for addressing 
common problems.

14.2  Developmental Stage 
of Young Adulthood

To better understand the unique experience young 
BC survivors face with regard to body image 
and sexual function after BC, it is important to 
appreciate the developmental challenges that are 
relevant to this cohort. The period between ado-
lescence and middle adulthood, which for women 
can typically be understood as the years before 
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the onset of menopause, is a busy time of change 
and opportunity [12]. Developmental psycholo-
gists have longed described the period of young 
adulthood as a formative time for  establishing 
the psychological and interpersonal makeup of 
the self. This is fertile period for individuals to 
develop their view of themselves as well as their 
roles in relationships and in the larger society 
[13, 14]. For a young woman, these years often 
represent a time of exploring femininity and 
sexuality, developing and maintaining intimate 
relationships, and the consideration of child-
bearing and motherhood [15]. In addition to 
establishing confidence in ones’ roles in society, 
this developmental phase can also be a period of 
intense vulnerability. When young women are 
experimenting with their expression of sexual-
ity and femininity, there is not surprisingly a 
heightened awareness of the social norms on 
youth and beauty. It has been noted that this 
awareness of normative standards can certainly 
amplify the psychological impact of discrete 
body changes during this period of life for can-
cer survivors [16].

14.3  Self-Image/Body Image

Considering that a young woman’s premeno-
pausal years are often a foundational period for 
psychosexual and identity development, the dis-
ruptions caused by BC diagnosis, treatment, and 
the consequent after-effects can have broad and 
longstanding implications. Self-image is a mul-
tifaceted construct that can be understood as an 
embodied view of “me,” which includes a famil-
iar sense of the physical body, the psychological 
sense of self, and the self as a co-construction of 
social interaction. From this “me,” an expecta-
tion develops of how the body will function and 
respond in certain situations. When this famil-
iar definition of the self is interrupted by a dra-
matic change—such as a cancer diagnosis for a 
younger woman who expects a healthy and func-
tional body—bodily experience and by extension 
the sense of self can cease to feel familiar and/
or safe [17]. Disruption to a young survivor’s 
self-image is not uncommon and is characterized 

by an experience of disharmony between social 
assumptions which define [survivors] as women 
and their own interior definitions of what this 
means in the context of BC [18].

Body image can be defined as how a per-
son perceives and evaluates the appearance and 
physical functioning of their body. This includes 
one’s attitude about whether the body is func-
tional, whole, healthy, and attractive [19]. Body 
perception is highly subjective and is composed 
of a woman’s thoughts, perceptions, and feelings 
about what is considered “healthy” and “attrac-
tive” [20]. BC treatments result in a range of phys-
ical changes that can lead a woman to not only 
question the physical integrity of her body but to 
also feel self-conscious about how to adapt to and 
accept these changes. Body image issues second-
ary to BC treatment can stem from external, vis-
ible changes, such as the surgical loss of breast 
tissues and scarring, chemotherapy- induced hair 
loss and weight change, and radiation- induced 
skin damage and discoloration. Although visible 
alterations are an obvious source of body image 
distress, nonvisible changes such as loss of sen-
sation in the breast, nipple, and surrounding skin 
and internal changes to a woman’s sense of her 
femininity, sensuality, and level of attractiveness 
have potential to significantly disrupt body image 
[21, 22]. In addition, disruption of body image is 
correlated with other domains of psychological 
distress, including anxiety, depression, fatigue, 
and a fear of cancer recurrence [22].

Younger women, in particular, are at higher 
risk than older women for having body image 
concerns after BC treatment [23]. Body image 
research indicates that although satisfaction 
with one’s physical body remains somewhat 
consistent across ages, self-esteem about one’s 
body is more significantly impacted in younger 
women [24, 25]. That is, changes to a woman’s 
body may be equally dissatisfying to a woman, 
regardless of age, but to younger women, these 
changes may have a greater impact on their cur-
rent assessment of self-worth. One explanation 
is that as women age, there is an organic accep-
tance of the aging process which is inherently 
characterized by expected changes in the body. 
However, for a younger woman, dramatic altera-
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tions from the “body ideal” are unexpected, and 
because they depart from what is “natural,” they 
can result in a greater negative impact on overall 
self-esteem. From a developmental perspective, 
a central feature of young adulthood is building 
self- confidence and developing a strong rela-
tionship with oneself and intimate others. When 
young BC survivors face significant distressing 
physical changes during this sensitive develop-
mental period, there is often a notable sense of 
loss on one’s physical functionality and attrac-
tiveness [26].

More broadly speaking, permanent and dis-
tressing physical changes to one’s body can act 
as a persistent reminder of physical vulnerability. 
Cancer represents a breakdown of healthy physi-
cal boundaries; a body which typically feels man-
ageable and predictable in its shape and function 
can feel permeable, exposed, and out of control 
after being subjected to cancer [17]. Consistent 
with this perspective, studies show that BC survi-
vors with heightened physical symptoms experi-
ence more body image concerns [22, 27]. In this 
way, experiencing tangible physical reminders of 
one’s diagnosis and treatment can act as a reflex-
ive reminder of an ailing body, where strength 
and safety within one’s body cannot be assumed. 
This doubt can compromise the subjective expe-
rience of intact body image.

Depending on the extent to which the cancer 
impacts the breast tissue, women face different 
levels of surgical intervention with some women 
undergoing full mastectomies and some women 
eligible for breast-conserving procedures [28, 
29]. Despite equivalent survival rates shown for 
both mastectomy and lumpectomy, recent stud-
ies indicate that an increasing number of women 
are opting for prophylactic mastectomies in order 
to decrease the risk of a secondary cancer [30]. 
These numbers include prophylactic unilateral 
mastectomies in lieu of lumpectomies, as well as 
contralateral mastectomies of the second, non-
cancerous breast [31–34]. Although the annual 
risk of most women with unilateral cancer devel-
oping a second cancer in the contralateral breast 
is low (approximately 0.5%) [35], the frequency 
of prophylactic contralateral mastectomies is 
significant and garnering greater attention. With 

regard to body image, it has been suggested that 
the significant uptick in prophylactic surgeries 
may not only be due to women’s risk perceptions 
of preventing secondary cancer but also a reflec-
tion of concern about cosmetic outcomes. For 
example, women may choose to preventatively 
remove the second breast in part to achieve a 
more symmetrical chest postsurgery [36].

The findings on how different surgical inter-
ventions impact body image for young women 
are inconsistent. Overall, the evidence indicates 
that body image is better for women who undergo 
surgery that conserves more of the breast tissue 
(e.g., lumpectomy) than those who have more 
tissue removed (e.g., mastectomy) [37, 38]. 
Similarly, studies indicate that women who do 
not pursue breast reconstruction after undergo-
ing prophylactic mastectomies experience sig-
nificantly more distress with their postsurgical 
appearance, feelings of femininity, and well- 
being in sexual relationships [36, 39]. Broadly 
speaking, these results seem to suggest that the 
physical loss of the breast negatively impacts 
body image, and that for some women, recon-
struction can counter this effect.

However, the literature also reveals that some 
women experience no difference in well-being 
related to the extent of surgery and not all women 
who receive reconstruction show improved body 
image. The fact that not all women respond to 
surgical outcomes the same way highlights the 
importance of additional psychological factors 
that contribute to the experience of body image. 
One interesting finding from the literature to date 
is that the more women play an active role in their 
surgery decisions, the more empowered and satis-
fied they feel about the consequences of surgery, 
regardless of the surgery’s physical outcome [40, 
41]. More specifically, it has been observed that 
the context of active engagement in treatment 
decision-making promotes a woman’s ability to 
integrate physical alterations into her sense of 
self, in contrast to conditions which lead to feel-
ing that physical change have been imposed on 
her [42, 43]. Although these findings underscore 
the importance of offering women active involve-
ment in treatment decision-making, it should be 
recognized that patients could understandably 
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find treatment decision-making stressful if multi-
ple choices are available which boast similar out-
comes. For this reason, shared decision- making 
is often emphasized as being preferable [42].

Further, it is important to acknowledge the 
complexity of how women perceive mean-
ing of the breast. One framework for explor-
ing this variation is by Langellier and Sullivan 
who discuss four separate but closely related 
“breast concepts.” The “medicalized breast” 
represents the part of the breast affected by the 
cancer; the “functional breast” represents the 
physical function of the breast, specifically as it 
relates to an infant; the “gendered breast” is the 
breast’s representation of femininity, physical 
attractiveness, and beauty; and the “sexualized 
breast” represents the visual and tactile experi-
ence of the breast [44]. It is proposed that con-
flict on the decision to remove or reconstruct the 
breast in part depends on how a woman identi-
fies with these various concepts. For example, 
there can be enormous relief in fully removing 
the diseased tissue (“medicalized breast”) while 
at the same time experiencing a sense of loss 
over the healthy, feminizing, and “sexualized 
breast.” Women who receive reconstruction may 
be pleased with regaining the appearance of the 
“gendered” breast, yet there is often enormous 
disappointment in the complete sensory loss 
that accompanies reconstruction of breast tissue 
(“sexualized breast”) [45]. Depending on age, 
stage in life, and other individual differences, 
women may ascribe a varying sense of identifica-
tion with each or any of these domains.

Moreover, although body image is a concern 
for many young survivors, there are other young 
women who adaptively cope with their treatments 
without significant disruption in body image. 
Evidence indicates that women who have a stron-
ger body image prior to their cancer cope better 
with physical changes arising from their BC treat-
ment [19]. Body image distress may additionally 
be buffered by certain protective factors such as 
having a foundation of positive self- regard and 
self-confidence. This parallels the observation 
of psychological distress in BC survivors, where 
lower anxiety and depression before the cancer 
diagnosis predicts lower overall psychological 

distress during survivorship [46]. Positive social 
support is another protective factor that has been 
identified in the literature. For example, women 
who are in supportive, communicative relation-
ships tend to cope more easily with physical 
changes after treatment [47]. Partner support in 
particular is viewed as a strong buffer against 
emotional distress, predicting lower levels of 
depression and anxiety [48, 49], as well as better 
self-esteem and body satisfaction after treatment 
[47]. Such findings have important clinical impli-
cations with regard to the importance of helping 
women develop compensatory coping skills in 
order to build a more positive foundation around 
body image and self-identity.

14.4  Sexual Function

In addition to the impact on self-image and body 
image, the majority of young BC survivors also 
struggle with treatment-related sexual dysfunc-
tion [50]. Treatment for BC typically involves a 
combination of surgery, chemotherapy, radiation 
therapy, and/or endocrine therapy all of which 
have the potential to negatively impact young 
women’s sexual health [51, 52]. In particular for 
young BC patients and survivors, treatments that 
interrupt, suppress, or permanently deplete hor-
monal function can have a profound impact on 
sexual function [53]. Unfortunately, distressing 
sexual problems in young BC survivors are not 
consistently identified by clinicians and may be 
overlooked entirely [9, 46].

Hypoestrogenism, resulting from either che-
motherapy or hormone suppression treatments, 
has a direct negative impact on vulvar and 
vaginal health. Dramatic loss of estrogen to the 
genital tissue results in thinning of the epithe-
lium, loss of rugosity, blood flow, and vaginal 
moisture. There is also increase in pH and geni-
tal tissue can become pale and fragile. Further, 
there may be a progressive loss of tissue elas-
ticity related to loss of collagen, hyalinization, 
and elastin. This complex of symptoms, known 
as vulvovaginal atrophy, is often paralleled by a 
range of urogenital symptoms such as increased 
urinary urgency and stress-related urinary incon-
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tinence [54]. Hypoestrogenism is also frequently 
accompanied by decrease in libido and arousal as 
well as orgasmic function. Chemotherapy leads 
to premature ovarian failure in 30–96% of young, 
premenopausal women [55] with the highest risk 
for women who are over age 40 and for women 
exposed to alkylating agents such as cyclophos-
phamide [56]. For young BC survivors, it is nota-
ble that chemotherapy-induced ovarian failure 
can lead to more significant and extreme symp-
toms in contrast to women who undergo natural 
menopause [57].

More recently, the frequency and duration 
of treatments to suppress ovarian function in 
younger BC survivors are steadily increasing [53, 
58]. Recently, the American Society of Clinical 
Oncology revised clinical practice guidelines 
and now recommends more extensive consid-
eration of ovarian function suppression therapy 
for premenopausal estrogen receptor-positive 
BC survivors for at least 5 years following active 
treatment [59]. Recent evidence regarding endo-
crine therapy- related sexual dysfunction is very 
significant in young survivors [60] with rates 
of sexual dysfunction ranging from 65 to 90% 
which is up to tenfold higher than rates of sexual 
dysfunction in same age women in the general 
population (9–22%) [61, 62]. These negative sex-
ual side effects have been consistently observed 
across multiple trials of ovarian suppression 
treatment, and these side effects have been char-
acterized as being “very hard on young women” 
[63, 64]. Of note, distressing sexual and urogy-
necological side effects are the primary reason 
why young women prematurely discontinue 
ovarian suppression therapy [65]. In one of the 
largest ovarian suppression clinical trials with 
premenopausal breast cancer survivors to date, 
almost 22% of women prematurely discontinued 
OS treatment for these reasons [66].

Unfortunately, young women are often not 
prepared to manage the wide range of sexual and 
menopausal symptoms that have been described 
[57]. Moreover, vulvovaginal atrophy, loss of 
arousal and desire, and loss of sexual satisfac-
tion also do not self-resolve over time [67]. For 
example, women on ovarian suppression therapy 
continue to report significant decrease in pleasure, 

sexual frequency, and increase in discomfort at both 
one [68] and 2 years following treatment end [69]. 
In a recent study, looking at women at a median of 
5 years after stopping ovarian suppression, women 
still had a high frequency of severe sexual prob-
lems [70]. Recent evidence suggests that the debil-
itating sexual side effects of ovarian suppression 
may actually worsen with time [58, 60]. In addi-
tion to the physical side effects of estrogen depri-
vation, women who undergo hormonal disruption 
also report distress on decreased sense of intimacy 
and diminished partner function [51, 71–73]. Loss 
of sexual function and satisfaction with intimacy 
are also associated with poorer quality of life for 
BC survivors [74]. Although breast cancer survi-
vors worry about the impact of treatment-related 
sexual problems on intimate relationships [75], 
there is also evidence to suggest that emotional 
support from an intimate partner can buffer some 
of these concerns and promote positive coping 
strategies [76]. Though there is limited data with 
regard to the experience of sexuality and intimacy 
with unpartnered survivors, it has been shown that 
unpartnered BC survivors place greater importance 
on physical appearance as a reflection of self-worth 
compared to partnered women [77]. This observa-
tion certainly raises concerns for unpartnered sur-
vivors who express various worries about dating 
including finding an accepting partner, being sexu-
ally desirable, and being rejected [78].

14.5  Cultural Considerations

Before considering how to address these concerns 
around body image and sexuality, it is important 
to acknowledge that perception of body image 
and the experience of sexuality are always expe-
rienced within a sociocultural context and may 
vary accordingly. The sections above reference 
largely Caucasian Western ideals of body, gen-
der, and sexuality. Overall, evidence indicates 
that women across ethnicities report similar body 
image and sexual functioning concerns related to 
their BC treatment [46, 79, 80]. However, studies 
also reveal some distinct variations across broad 
ethnic groups. Variations might be explained in 
part by differences across ethnic groups in early 
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detection and access to quality healthcare, and 
factors associated with receiving diagnoses at 
later stages and requiring more aggressive treat-
ments causing more distressing side effects [81]. 
Differences may also be explained in part by rang-
ing cultural beliefs about the female gender and 
perceptions about relationship intimacy and sex. 
Cultural beliefs can vary not only between cul-
tural groups but also within groups; for instance, 
members of an ethnic minority may be more 
or less acculturated to the majority population, 
with some holding stronger traditional values 
or religious affiliations. For example, qualita-
tive studies indicate that issues concerning open 
communication and awareness of one’s body and 
sexual functioning are more common among 
recent immigrants and non-English monolingual 
individuals than in more educated and/or accul-
turated women [82]. In order to highlight the 
role of the sociocultural context regarding young 
women’s experience of body image and sexuality 
after BC, we will briefly give examples relying 
on research with regard to three groups: African-
American women, women with Latina/Hispanic 
heritage, and sexual minority women. It is essen-
tial for providers to have an awareness of cultural 
norms and values in order to facilitate communi-
cation that is culturally sensitive. The following 
examples are intended to illustrate the complex-
ity of cultural issues with the understanding that 
interventions for sexual health are likely to be 
most effective if they are tailored appropriately 
to the particular cultural context.

14.5.1  African-American

Although African-American women have lower 
incidence rates of BC than other ethnic groups 
in the United States, they show higher mortal-
ity rates [81]. This statistic indicates a tendency 
to be diagnosed at later stages of the disease, 
which require more aggressive treatments. Such 
treatments can result in more severe side effects 
including sexual function and body image [83, 
84]. Although studies indicate that concerns 
about sexual satisfaction and body image simi-
larly exist among African-American women, 

for some there may be a disinclination to raise 
these sensitive concerns with medical providers 
[83]. This tendency may be reflective of a long- 
standing mistrust of doctors and medical systems, 
as has been reported in surveys of the African-
American community [85–88]. Some women 
may fear that sensitive information about their 
bodies and sexual habits would be misunder-
stood or invalidated in a clinical setting. African-
American women have also reported concern 
over the stereotype of African-Americans being 
highly sexual [85], again understandably inhibit-
ing open discussion of sexual problems. Further, 
within the African-American community, cancer 
holds a stigma which can prevent open discus-
sion and support-seeking. In contrast, previous 
research has shown that peer-support counseling 
groups have successfully delivered education and 
support about sexual dysfunction, menopause, 
and distress on infertility after BC [85, 89].

14.5.2  Latina/Hispanic

Hispanic/Latina populations have lower inci-
dence rates of BC, but similar mortality rates to 
Caucasian and Asian American populations [81]. 
Studies also reveal that Hispanic/Latina women 
are more likely than other cultures to report dif-
ficulties after treatment with issues of sexual 
function [79]. Traditional Hispanic/Latina per-
spective places emphasis on virginity and female 
sexual purity, while at the same time valuing a 
curvaceous body with breasts symbolizing femi-
ninity and fertility [90, 91]. On the other hand, it 
has been proposed that as younger generations of 
Hispanic/Latina women adopt body ideals from 
popular culture, including “thinness” [90, 92], it 
is important to recognize that body image con-
cerns may differ among Hispanic/Latina survi-
vors depending on the extent to which they do 
or do not adopt traditional cultural views [91]. 
With the loss of the breast, women may feel a 
loss in feminine power along with a diminished 
ability to attract a partner and feel attractive [93, 
94]. Qualitative interviews have observed that 
more traditionally oriented Hispanic/Latina sur-
vivors worry about their male partner’s reactions 
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to their missing breast and their loss of sexual 
desire. However, these concerns may be buffered 
by good communication and perceived partner 
support [95, 96].

14.5.3  Sexual Minority Women

Although research focusing on quality-of-life 
outcomes among BC survivors posttreatment 
finds few differences between sexual minority 
and heterosexual women [97], there is evidence 
that lesbian and bisexual BC survivors experi-
ence a range of unmet needs for supportive care 
including the need for attention to treatment- 
related sexual health [98]. Parallel to heterosex-
ual women, sexual minority women also report 
dramatic negative impact of hormone-blocking 
therapies on sexual function [98]. One area of 
potential disparity between heterosexual and sex-
ual women minority women is with body image 
after BC.  Previously, it has been reported that 
lesbians report fewer problems with body image 
and report feeling more comfortable with their 
body both before and after breast cancer [99]. In 
a recent study of sexual minority women, 25% 
chose to “go flat” (i.e., choose no reconstruc-
tion) [98]. There is now growing attention to the 
idea that there are various sexist and heterosexist 
assumptions around the need for breast recon-
struction that may be particularly distressing for 
sexual minority women who may not be as inter-
ested in breast reconstruction as their heterosex-
ual peers [100]. One implication is that providers 
must be educated about how to discuss women’s 
range of options post-mastectomy that do not 
assume reconstruction is necessary in order for a 
woman to feel “whole” again.

14.6  Clinical Pointers

14.6.1  Inquiry/Assessment

The majority of young BC survivors struggle 
with some distressing aspect of sexual function 
without getting adequate support to manage these 
changes. It is our belief that all young women who 

are diagnosed and treated for BC should receive 
basic and straightforward information and sup-
port about sexual health and well-being as part of 
standard clinical care. One useful guide for clini-
cians is the 5 A’s Framework, which refers to five 
fundamental aspects of care: Ask, Advise, Assess, 
Assist, and Arrange [101]. To begin, clinicians 
must Ask all young BC survivors about their 
sexual health. After the initial inquiry, clinicians 
must signal their intention to Advise as needed. 
In contrast to giving advice, Advise is meant as 
a cue to clinicians to validate the presence of 
sexual problems after BC and confirm that help 
is available. Next, clinicians need to adequately 
Assess what kind of help is needed in order to 
Assist the patient/survivor. Assistance may range 
from giving an educational handout to making a 
referral for active treatment. Finally, a provider 
must make sure that they Arrange to follow up 
with the young woman so that this need for care 
does not get lost. To clarify, we strongly suggest 
those clinicians who see young BC survivors 
have or develop a referral network of experts who 
can address potential common problems. We 
suggest having a referral network that includes 
a urologist, gynecologist, endocrinologist, pelvic 
floor physical therapist, and a psychologist or 
onco-sexologist.

It is important to acknowledge that clini-
cians are not likely to Ask or Assist unless 
they have straightforward strategies for doing 
so. Regarding asking, one example is to use a 
question such as “Many BC patients and survi-
vors have some challenges with sexual health 
or body image after treatment; are you dis-
tressed or bothered about any of these kinds of 
changes?” Another option is to use a brief check-
list in order to inquire about areas of concern 
(see Fig.14.1). Recently, members of Scientific 
Network on Female Sexual Health and Cancer, 
a multidisciplinary group of experts working in 
the field of female sexual dysfunction after can-
cer [102], modified the Brief Sexual Symptom 
Checklist, a general inventory intended for use 
in primary care settings [41]. The Brief Sexual 
Symptom Checklist (Brief Sexual Symptom 
Checklist-Cancer (BSSC-C)) is intended spe-
cifically for use with female cancer survivors 
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[103]. This brief checklist begins with a starter 
question asking about overall sexual satisfac-
tion. If women endorse being satisfied with cur-
rent function, no further questions are asked. If 
women are not satisfied, then a brief list of prob-
lems is reviewed.

Regarding assistance, we strongly encour-
age clinicians to familiarize themselves with 
a number of the “simple strategies” that have 
been effective in managing treatment-related 
sexual dysfunction in young BC survivors [103, 
104]. As noted earlier in this chapter, a major-
ity of young BC survivors struggle with vaginal 
dryness secondary to treatment-related hypoes-
trogenism. This condition can be extremely 
distressing because it leads to a range of con-
sequences including chafing and burning, pain, 
and bleeding. Not surprisingly, women suffering 
from these symptoms also may find sexual activ-
ity to be extremely uncomfortable if not impossi-
ble, and in parallel, sexual desire understandably 
may diminish. We recommend that clinicians 
inform young women of the need to maintain 
vaginal health after BC including restoring 
moisture, elasticity, and blood flow to vaginal 

mucosa as needed. Specifically, clinicians who 
work with young BC survivors should be famil-
iar with first- line treatment including being able 
to explain the distinction between vaginal lubri-
cants and moisturizers. Whereas vaginal lubri-
cants provide topical lubrication and can help to 
prevent irritation and potentially avoid mucosal 
tears during sexual activity, vaginal moisturizers 
are formulated to hydrate the vaginal mucosa 
over time. Moisturizers are intended to be used 
consistently for overall vaginal comfort and not 
only on an as-needed basis. Evidence indicates 
that the benefit of vaginal moisturizers depends 
upon consistent use up to five times per week 
[104]. This type of regimen is particularly impor-
tant for young survivors who are on ovarian sup-
pression treatment. Similarly, other strategies to 
be aware of include the use of vaginal dilaters 
to help women regain tissue elasticity and pel-
vic floor physical therapy, a modality which is 
invaluable for young women who have symp-
toms of vulvovaginal atrophy and can gain enor-
mous benefit from exercises designed to improve 
pelvic muscle floor strength and tone and vaginal 
elasticity [105].

Sexual Symptom Checklist for Women

Please answer the following questions about your overall sexual function:

TIP : Some patients will respond that they are not having these problems or concerns because they stopped
having sex altogether. The provider should reassure the patient, let her know that she is not alone,
and ask if she can recall what kinds of problems or concerns she was having that led her to stop having sex.

1. Are you satisfied with your sexual function? ��Yes ��No
if no, please continue.

2. Do you experience any of the following sexual problems or concerns? 

��Little or no interest in sex

��Decreased sensation (or loss of sensation)

��Decreased vaginal lubrication (dryness)

��Difficulty reaching orgasm

��Pain during sex

��Vaginal or vulvar pain or discomfort (not during sex)

��Anxiety about having sex

��Other Problem or Concern: _______________

3. Would you like more information, resources, and/or to speak with someone about
these issue?
��Yes ��No

Fig. 14.1 Sexual Symptom Checklist
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14.7  Conclusions

Because most young BC survivors struggle at 
some point with a treatment-related change in 
sexual function and body image, it is impera-
tive that clinicians feel prepared to inquire about 
these issues as part of routine clinical care. In 
general, it is our strong recommendation that 
inquiry is made about body image and sexual 
health in parallel with any other review of sys-
tems. Comparable to the way that women may 
be asked about pain, nausea, or fatigue, the 
checklist that we have provided offers a straight-
forward model for how to inquire and begin a 
conversation about these common, distressing 
problems that are often completely ignored. 
Inquiry is an important initial step as it opens 
the door to providing women who endorse dif-
ficulties with effective interventions, and it also 
validates an important aspect of reality that 
is regularly ignored. The range of experience 
women can feel after cancer is wide. It is not 
simply about the extremes of feeling that sexual 
function or body image is either “intact” or “not 
intact.” To this end, raising these questions in a 
clinical setting also allows for a discussion about 
a woman’s individual adjustment to her situation.

Because the issues of body image and sexual 
function are truly at the nexus of psychological, 
physical, and interpersonal factors, it is helpful for 
clinicians to identify individual counselors, social 
workers, and/or couples’ therapists they can refer 
to in addition to having other providers such as 
gynecologists or pelvic floor physical therapists in 
their arsenal of ancillary providers. Finally, given 
that these issues are experienced with a develop-
mental and sociocultural context, it is important 
that clinicians maintain an awareness that young 
women may be very much in a process of discov-
ery and exploration on sexuality, intimacy, and 
relationships and that they maintain an attitude of 
cultural sensitivity. Although intervention research 
in sexual health is gaining greater attention, there is 
an enormous unmet need to evaluate effectiveness 
of strategies with low- to middle-income popula-
tions and with young women receiving commu-
nity-based care. In addition, further research is 
called for to gain greater insight into cultural dif-

ferences and to adapt current interventions across 
a variety of cultural contexts. As quality of life is 
a hallmark goal of cancer survivorship, it is essen-
tial that we optimize efforts to help young women 
repair and restore body image and sexual function 
as they seek to live full and satisfying lives long 
after their diagnosis of BR CA.
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Fertility Preservation 
and Pregnancy After Breast Cancer

Matteo Lambertini and Fedro A. Peccatori

15.1  Introduction

Young women with newly diagnosed breast can-
cer require personalized approaches in order to 
manage their specific age-associated needs not 
only in terms of optimal anticancer treatments 
but also related to other important quality-of-
life implications [1]. Among them, fertility- and 
pregnancy-related issues are considered one of 
the priority areas of concerns for young breast 
cancer patients [1]. Major advances in the man-
agement of early breast cancers have substan-
tially increased the survival of young women. 
However, anticancer therapies can expose pre-
menopausal women to additional long-term side 
effects such as premature ovarian insufficiency 
(POI) and subsequent impaired fertility [2]. As 
shown in a large prospective study, at the time 
of breast cancer diagnosis, approximately half of 
the young women with newly diagnosed breast 
cancer are concerned about the possible devel-
opment of treatment-induced POI and infertility 
[3]. These concerns can cause important psycho-

social distress and impact on the decision and the 
adherence toward the proposed anticancer thera-
pies [3].

Major international guidelines highlight the 
importance of counseling all cancer patients 
diagnosed during their reproductive years about 
the possible risk of treatment-induced POI and 
infertility and then informing interested patients 
about the different available options for fertil-
ity preservation [4, 5]. Nowadays, oncofertility 
counseling should be considered standard of care 
in all newly diagnosed young cancer patients [6, 
7]. To help oncologists addressing these issues 
and to improve adherence to guidelines, several 
services and resources are now available [8–12]. 
However, despite the development of specific 
programs to support clinicians in discussing 
concerns related to fertility and pregnancy with 
young patients [13], there are still several bar-
riers on this regard and not all patients are ade-
quately informed, thus limiting the access to 
fertility preservation procedures and reducing 
the chance of future pregnancies [14, 15]. Hence, 
even though other personal issues might interfere 
with the desire of motherhood, the percentage of 
patients who achieve a pregnancy after the end of 
treatment remains low, especially among breast 
cancer survivors [16].

The aim of the present chapter is to highlight 
the risk of treatment-induced POI and infer-
tility in young women with breast cancer, to 
review the available data on the different fertil-
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ity  preservation options in these patients, and to 
discuss the safety issues of pregnancy in breast 
cancer survivors.

15.2  Anticancer Treatments 
and Gonadal Function

The development of treatment-induced POI and 
infertility are possible additional consequences 
of anticancer therapies in patients treated during 
their reproductive years [2]. Of note, the majority 
of the studies that investigated the risk of develop-
ing this side effect used amenorrhea and resump-
tion of menstrual function as surrogate indicators 
of POI and preserved ovarian function, respec-
tively [17]. However, resumption of menses does 
not imply intact ovarian function and fertility 
potential, and women with prior exposure to che-
motherapy may have diminished ovarian reserve 
despite the return of cyclical menstruation [18]. 
Using amenorrhea to assess the impact of chemo-
therapy on ovarian function, the most commonly 
administered regimens in breast cancer including 
cyclophosphamide, anthracyclines, and taxanes 
are associated with a rate of treatment-induced 
POI around 40–60% [2, 19].

Nevertheless, this risk can vary according to 
type and dose of chemotherapy regimens, age of 
the patients at the time of treatment, and need for 
adjuvant endocrine therapy which are the main 
factors impacting on the likelihood of developing 
treatment-induced POI in young breast cancer 
patients [2]. The effect of these three factors has 
been clearly shown in the amenorrhea sub-study 
conducted within the National Surgical Adjuvant 
Breast and Bowel Project (NSABP) B-30 trial 
that compared three different adjuvant chemo-
therapy regimens (sequential doxorubicin [A] and 
cyclophosphamide [C] followed by docetaxel [T; 
AC → T], AT, and TAC) [20]. Amenorrhea rates 
differed significantly according to patients’ age at 
the time of treatment, ranging from 61% in those 
younger than 40 years to 100% in women older 
than 50 years. Amenorrhea rates were also signif-
icantly different between treatment arms, ranging 
from 37.9% for AT to 57.7% for TAC to 69.8% 

for AC → T. Finally, the addition of tamoxifen 
increased the risk of treatment-induced amenor-
rhea [20].

Although the mechanisms that are responsible 
for chemotherapy-induced ovarian damage have 
not been fully elucidated, the direct induction of 
oocytes and follicle apoptosis and the vascular 
damage to the ovary seem to be the two major 
determinants of the toxic effect of anticancer 
agents [21, 22].

15.3  Fertility Preservation 
Strategies

Embryo and oocyte cryopreservation, ovarian tis-
sue cryopreservation, and temporary ovarian sup-
pression with gonadotropin-releasing hormone 
analogs (GnRHa) during chemotherapy are the 
available fertility preservation strategies in breast 
cancer patients. During oncofertility counseling, 
the specific pro and contra of each procedure 
should be clearly discussed, including access to 
services, reimbursability, and out-of-pocket costs 
(Table15.1).

15.3.1  Embryo and Oocyte 
Cryopreservation

According to major international guidelines, 
embryo and oocyte cryopreservation are standard 
strategies for fertility preservation in all female 
cancer patients [1, 4, 5, 23]. In infertile women 
without cancer, these options demonstrated the 
most reliable results in terms of subsequent preg-
nancies. Their success is strongly dependent by 
the age of the patients at the time of the proce-
dure with live birth rates ranging from 22.7% in 
women younger than 34 years to less than 10% 
for those older than 40 years [24].

Importantly, in cancer patients requiring 
gonadotoxic treatments, embryo and oocyte 
cryopreservation cannot preserve gonadal func-
tion during chemotherapy; they must therefore 
be concluded before starting cytotoxic therapy 
and are contraindicated in women with recent 

M. Lambertini and F. A. Peccatori



169

exposure to such treatments due to the possible 
 occurrence of morphologic/genetic abnormalities 
in the retrieved oocytes [25].

Embryo and oocyte cryopreservation require 
the need of performing a controlled ovarian stim-
ulation (COS) lasting between 10 and 16  days 
with subsequent potential delay in treatment ini-
tiation and exposure to supraphysiological estra-
diol levels [26]. To avoid a possible detrimental 
impact on cancer cell proliferation, specific pro-
tocols for COS have been developed for breast 
cancer patients with the concomitant administra-
tion of letrozole [27, 28] or tamoxifen [29–31].

The letrozole-associated COS protocol was 
developed by Oktay and colleagues [27, 28]. 
Despite the conflicting results reported on the 
performance of letrozole-associated COS [32, 
33], the largest cohort that investigated the suc-
cess of this technique in 33 breast cancer patients 

showed a similar live birth rate (45%) as the one 
expected in the general infertile population of 
a similar age [31]. The largest study that inves-
tigated the safety of embryo and oocyte cryo-
preservation in young women with breast cancer 
included a prospective cohort of 120 patients who 
underwent letrozole-associated COS for fertility 
preservation and 217 matched patients who did 
not undergo any fertility-preserving procedure 
[34]. After a mean follow-up of  approximately 
5 years, no survival difference between the two 
groups was observed with a hazard ratio (HR) 
for recurrence after embryo cryopreservation of 
0.77 (95% confidence intervals [CI], 0.28–2.13; 
p = 0.61) [34].

Tamoxifen-associated COS can be an alterna-
tive to letrozole-associated COS in breast cancer 
patients [26]. Results with the use of tamoxifen- 
associated COS appear to be similar than those 

Table 15.1 Main characteristics of the available fertility preservation strategies in breast cancer patients

Type of strategy Pro Contra Main results
Embryo and oocyte 
cryopreservation

–  Effective technique in 
infertile non oncologic 
women

–  Minor surgical 
procedure required

– Good availability

–  Limited data on efficacy and 
safety in cancer patients

–  No protection against treatment-
induced POI

–  Controlled ovarian stimulation 
required

–  Possible delay in the start of 
anticancer treatments

–  Need for a facility specialized in 
fertility preservation

–  Pregnancy rate of 
51.5% (series of 33 
breast cancer patients)

–  No apparent negative 
consequences on 
patients’ survival (HR 
for recurrence 0.77; 
95% CI, 0.28–2.13; 
p = 0.61)

Ovarian tissue 
cryopreservation

–  Preservation of both 
fertility and ovarian 
function

–  Controlled ovarian 
stimulation not required

–  Minimal/no delay in 
the start of anticancer 
treatments

–  Limited data on efficacy and 
safety in cancer patients

–  Need for two surgical procedures
–  Need for a facility specialized in 

fertility preservation and with 
the adequate expertise in this 
technique

–  Risk of reintroducing malignant 
cells with transplantation

–  Estimated live birth 
rate of 25%

–  Expected ovarian 
function recovery 
within 3–6 months 
(with possible 
sustained longevity)

–  More than 80 babies 
born worldwide

Temporary ovarian 
suppression with 
GnRHa

–  Consistent data on 
preservation of ovarian 
function

–  Controlled ovarian 
stimulation not required

–  No delay in the start of 
anticancer treatments

–  No surgical procedure 
required

– Wide availability

–  Limited data on fertility 
preservation

–  Not to be used as the only 
strategy in patients interested in 
fertility preservation

–  No data on long-term 
preservation of ovarian function 
(age at menopause)

–  Significant reduction in 
POI risk (OR, 0.36; 
95% CI, 0.23–0.57; 
p < 0.001)

–  Higher number of 
patients achieving a 
subsequent pregnancy 
(33 vs. 19 women; OR, 
1.83; 95% CI, 
1.02–3.28; p = 0.041)

Abbreviations: POI premature ovarian insufficiency, GnRHa gonadotropin-releasing hormone analogs, HR hazard 
ratio, CI confidence intervals, OR odds ratio
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after COS without tamoxifen [30]. Nevertheless, 
some safety issues should be considered with this 
COS, mainly related to the delay (approximately 
2 months) in achieving steady state for tamoxifen 
and its bioactive metabolite endoxifen [35].

Conventionally, COS is initiated at the begin-
ning of the follicular phase to optimize oocyte 
harvest. This has been challenged by recently 
developed protocols that allow a “random start” 
of COS, including late follicular and luteal phase 
start, without impairment in clinical results [36]. 
This strategy allows a prompt initiation of che-
motherapy immediately after COS and the possi-
bility to perform a double stimulation in specific 
circumstances, thus increasing the number of 
harvested oocytes [37].

When COS is not feasible due to time con-
straints or safety concerns on risk of breast can-
cer recurrence, immature oocytes collected at any 
phase of the menstrual cycle followed by in vitro 
maturation (IVM) may be considered [38, 39]. 
Although IVM seems to be less efficient than 
standard in  vitro fertilization (IVF) procedures, 
IVM might be an interesting alternative option 
for fertility preservation in selected cases [40].

15.3.2  Ovarian Tissue 
Cryopreservation

Ovarian tissue cryopreservation is an effective, 
yet still experimental, fertility preservation strat-
egy in patients receiving anticancer therapies [1, 
4, 5, 23]. Ovarian tissue either from the whole 
ovary or more commonly from ovarian biopsies 
is collected by laparoscopy, and small fragments 
are then cryopreserved for a possible future auto-
transplantation after the end of anticancer treat-
ments to restore ovarian function and fertility. 
Immature oocytes can be also collected ex vivo 
and cryopreserved after IVM when ovarian tissue 
cryopreservation is performed before the start of 
gonadotoxic treatment.

The main advantages over embryo and oocyte 
cryopreservation are the possibility to preserve 
not only fertility but also ovarian function and the 
fact that a COS before the procedure is not needed. 
Thus, this procedure can be discussed when neo-
adjuvant chemotherapy is planned and a prompt 

initiation of treatment is mandatory. However, 
ovarian tissue cryopreservation requires two sur-
gical procedures and, although not demonstrated 
yet for breast cancer patients, there is a potential 
risk of reintroducing malignant cells when the 
tissue is transplanted [41]. Despite being con-
sidered still experimental, ovarian tissue cryo-
preservation can be proposed to selected breast 
cancer patients as those scheduled for treatments 
with a high gonadotoxic risk who cannot delay 
anticancer therapies or those with prior exposure 
to chemotherapy, or in women with contrain-
dications to COS [42]. While the harvesting of 
the tissue can be performed locally, subsequent 
sample freezing and storage should preferably be 
performed in few referral centers with the appro-
priate expertise to optimize freezing methods and 
cancer cell detection techniques [42].

In terms of success of the procedure, a recov-
ery of ovarian function is expected in almost all 
cases within 3–6 months, with possible sustained 
longevity of function of the transplanted tissue 
[43, 44]. Although it is basically impossible to be 
calculated due to the lack of exact data on the 
number of patients transplanted after the end of 
treatment, the pregnancy rate (i.e., ratio between 
the number of women who conceived and the 
number of transplanted women) with the use of 
this strategy seems to be approximately 25% [45] 
but appears to be increasing over the years [46]. 
More than 80 babies were born worldwide after 
ovarian tissue transplantation [47, 48]. Of note, 
the success of the technique is strongly dependent 
on the age and ovarian reserve of the patients at 
the time of the procedure; hence, it should not be 
proposed to women older than 35 years or with 
reduced baseline ovarian reserve [42].

15.3.3  Temporary Ovarian 
Suppression with GnRHa

Pharmacological protection of the ovaries during 
chemotherapy with the administration of GnRHa 
is an attractive option to preserve gonadal func-
tion and fertility due to both its wide availability 
and the fact that no controlled ovarian stimula-
tion before the procedure nor a delay in the ini-
tiation of anticancer treatments is needed [49]. 
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Over the past years, despite the availability of 
many randomized trials and meta-analyses on 
the topic, there has been an active debate on 
the effective role and clinical application of this 
strategy [50–53]. However, recent data reporting 
long-term results on ovarian function recovery 
and pregnancies after treatment have supported 
the efficacy of temporary ovarian suppression 
with GnRHa during chemotherapy in breast can-
cer patients [54].

Specifically, the three largest randomized tri-
als on this topic (PROMISE-GIM6, POEMS- 
SWOG S0230, and Anglo Celtic Group OPTION 
trials) have shown similar and consistent results 
on the efficacy of this strategy in reducing the 
risk of developing treatment-induced POI [55–
57]. A meta-analysis of 12 randomized trials 
including 1231 breast cancer patients confirmed 
that concurrent administration of GnRHa and 
chemotherapy was associated with both a reduc-
tion of treatment-induced POI risk (odds ratio 
[OR], 0.36; 95% CI, 0.23–0.57; p < 0.001) and 
an increased chance of having a pregnancy after 
the end of treatment (OR, 1.83; 95% CI, 1.02–
3.28; p = 0.041) [58]. Following the publication 
of these results, some guidelines have incorpo-
rated the use of temporary ovarian suppression 
with GnRHa during chemotherapy as a standard 
strategy to preserve ovarian function and poten-
tial fertility in breast cancer patients [1, 59, 60].

Of note, this strategy should not be consid-
ered an alternative to cryopreservation options in 
patients interested in fertility preservation [1, 59, 
60]. Temporary ovarian suppression with GnRHa 
during chemotherapy can be used following cryo-
preservation procedures or in patients with no 
access to these strategies as well as in patients inter-
ested in ovarian function preservation only, as the 
delay of premature menopause has a great impact 
on patients’ well-being, particularly for those that 
do not require prolonged ovarian suppression [59].

15.4  Pregnancy After Breast 
Cancer

Approximately half of young women with newly 
diagnosed breast cancer desire to have a subse-
quent pregnancy after treatment [61]. However, 

as reported in the literature, the percentage of 
breast cancer survivors achieving at least one 
full-term pregnancy after treatment remains 
very low ranging between 5% and 15% [55, 62]. 
Female cancer survivors have lower pregnancy 
rates than age-matched individuals from the gen-
eral population (HR, 0.61; 95% CI, 0.58–0.64) 
[16]. Of note, among cancer survivors, young 
women with breast cancer are those with the 
lowest pregnancy rate with a 67% reduction in 
the chance of achieving a pregnancy after treat-
ment as compared to the general population (HR, 
0.33; 95% CI, 0.27–0.39) [16]. This observation 
reflects both the iatrogenic damage to patients’ 
ovarian reserve following the use of anticancer 
gonadotoxic treatments and the potential con-
cerns of both patients and providers related to 
the possible negative impact of pregnancy on the 
evolution of breast cancer being a hormonally 
driven tumor.

Recent surveys have shown that a significant 
proportion of oncologists believe that pregnancy 
after breast cancer may negatively impair on 
patients’ prognosis [14, 15], and 49% of them 
supported the statement that a rise in estrogen 
levels during pregnancy can potentially stimulate 
the growth of hidden tumor cells [14]. However, 
the available data so far on the topic suggest that 
pregnancy in breast cancer survivors does not 
have a negative impact on patients’ survival, irre-
spectively of the hormone receptor status of the 
tumor. A recent updated metanalysis including 
19 studies for a total of 1829 pregnant patients 
and 21,907 nonpregnant controls showed that 
pregnancy following breast cancer diagnosis 
has no negative prognostic impact [63]. On the 
 contrary, patients with a pregnancy after breast 
cancer have a significantly reduced risk of death 
(HR, 0.63; 95% CI, 0.51–0.79) [63]. Although 
these results could be partially confounded by 
selection biases and lack of specific informa-
tion in women with hormone receptor-positive 
disease, a large multicenter retrospective cohort 
study adjusting for these confounding factors 
confirmed the safety of pregnancy in breast can-
cer survivors, even in patients with endocrine- 
sensitive tumors [64]. In this study, including 333 
pregnant patients and 874 matched nonpregnant 
controls, no difference in disease-free survival 
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(DFS) between the two groups was observed in 
the whole study population (HR, 0.84; 95% CI, 
0.66–1.06; p = 0.14), but also in the subgroups 
of women with estrogen receptor-positive (HR, 
0.91; 95% CI, 0.67–1.24; p = 0.55) and estrogen 
receptor-negative (HR, 0.75; 95% CI, 0.51–1.08; 
p  =  0.12) tumors. The pregnant group showed 
better OS (HR, 0.72; 95% CI, 0.54–0.97; 
p = 0.03), with no interaction according to estro-
gen receptor status (p  =  0.11) [64]. Updated 
long- term results from this study, at more than 
10  years of follow-up, confirmed the safety of 
pregnancy in breast cancer survivors irrespective 
of hormone receptor status [65].

According to these findings, current recom-
mendations support the statement that, after 
adequate treatment and follow-up, pregnancy 
in cancer survivors including patients with 
endocrine- sensitive breast cancer should not be 
discouraged [2, 42].

Finally, another issue in this field that 
remains not clearly elucidated is the ideal 
interval between the end of anticancer treat-
ments and the time for trying to have a preg-
nancy. According to experts’ recommendation, 
the timing should be “personalized” taking 
into account patients’ age and ovarian reserve, 
individual risk of relapse, previous treatments, 
and time of their completion [5]. Moreover, in 
patients with hormone receptor- positive dis-
ease, the need for adjuvant endocrine therapy 
up to 5–10 years can further hinder the chances 
of future pregnancies [55]. An international pro-
spective study conducted by the International 
Breast Cancer Study Group (IBCSG) in col-
laboration with the Breast International Group 
(BIG) and the North American Breast Cancer 
Groups (NABCG) is currently ongoing to 
assess the safety of a temporary interrup-
tion of endocrine therapy to allow pregnancy 
in these patients (POSITIVE–IBCSG 48-14 
NCT02308085 study) [66].

Of note, egg donation, surrogacy, and adop-
tion represent other potential options for breast 
cancer patients whenever available and allowed 
by national laws and regulations [67].

15.5  Conclusions

Fertility preservation and concerns related to the 
possibility of having a subsequent pregnancy in 
young women with breast cancer have received a 
growing attention over the past years and should 
be discussed with all patients diagnosed during 
their reproductive age.

Patients concerned about the risk of 
treatment- induced infertility should be referred 
as soon as possible to fertility clinics to have 
access to embryo and oocyte cryopreservation 
(or to ovarian tissue cryopreservation in selected 
cases) followed by the administration of GnRHa 
during chemotherapy (Fig.15.1). In patients 
concerned about the risk of treatment-induced 
POI but not interested in fertility preservation 
procedures, temporary ovarian suppression with 
GnRHa during chemotherapy should be offered 
(Fig.15.1).

Young breast cancer survivors wishing to 
have a pregnancy after having received the ade-
quate anticancer treatment should be counseled 
that this can be considered safe and should not 
be discouraged anymore. For patients with hor-
mone receptor-positive breast cancer who are 
candidates to 5–10  years of adjuvant endocrine 
therapy, the results of the POSITIVE study are 
awaited to counsel them about the safety of a 
temporary interruption of endocrine therapy to 
allow pregnancy.

Despite a growing amount of data have 
become available on both the safety and efficacy 
of fertility preservation strategies as well as the 
feasibility of having a pregnancy after treatment, 
further studies are needed to improve the oncofer-
tility counseling of young breast cancer patients 
on these issues. Several prospective efforts are 
currently ongoing in this setting including the 
HOHO study in the United States and Europe [3], 
the Italian PREFER study [68, 69], the PYNK 
program in Canada [70], and the Mexican Joven y 
Fuerte program [71], among others. Furthermore, 
reproduction studies to address the specific issues 
faced by women with hereditary breast tumors 
should be considered a research priority consider-
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ing that the majority of breast cancer patients are 
nowadays candidates to receive a genetic test at 
the time of diagnosis [72, 73].
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Lifestyle Changes and Prevention: 
Unique Issues for Young Women

Nathalie Levasseur, Rinat Yerushalmi, 
and Karen A. Gelmon

16.1  Introduction

While prevention has classically been studied 
according to etiological elements, it has become 
clear that a number of unique issues present chal-
lenges to preventing breast cancer in young 
women, which extend beyond the traditional con-
cepts. A growing body of research for prevention 
and therapeutic interventions has been mainly 
focused on older women and often does not 
emphasize the increased risk of younger individ-
uals given the lack of applicable risk stratification 
models. Primary prevention poses a number of 
challenges, including reaching a younger target 
population, as prevention strategies are often not 
geared toward young women. Accessibility to 
primary care is also variable globally and has 
become a relevant issue. Furthermore, there are a 
number of competing general health initiatives 
for a younger age group which may often take 
precedence during preventative care appoint-
ments. Likewise, secondary prevention in young 
women encompasses other critical considerations 

that are different than those applied to an 
unselected breast cancer population who are gen-
erally older and mostly postmenopausal. These 
points raise an important question: should dis-
tinct biological, pharmacological, surgical, and 
lifestyle prevention strategies be applied to young 
women?

One of the most noteworthy aspects of breast 
cancer in young women is undoubtedly the 
importance of biological and genetic factors. 
This has been the focus of many conventional 
prevention strategies, such as genetic testing and 
screening guidelines including early adoption of 
screening imaging for those identified to be at 
higher risk. However, with the evolution of can-
cer genetics research, pharmacological and surgi-
cal strategies for prevention are constantly being 
refined to integrate novel findings and translate 
these to clinical practice. Unfortunately, few 
studies enroll women under 40, limiting the 
applicability of the results to a younger age 
group. Specific biological factors such as breast 
density, parity, and breast feeding, to name a few, 
are also more relevant for this age group and are 
associated with specific considerations. Lastly, a 
number of environmental and lifestyle factors 
such as smoking, alcohol, radiation, diet, exer-
cise, and shift work have been associated with an 
increased relative risk of cancer, especially dur-
ing developmental years, and should be taken 
into consideration when discussing effective pre-
vention strategies. Noteworthy developments 
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have been made in the identification of lifestyle 
factors and environmental factors which correlate 
with a higher risk of developing breast cancer. 
Ultimately, the early adoption of prevention strat-
egies for breast cancer is crucial, but recognizing 
and understanding the specific challenges in 
young women is the first step toward achieving 
effective change. Furthermore, finding ways to 
inspire societal change and achieve sustainable 
change within individuals remains an area of 
unmet need. This chapter consequently focuses 
on the unique issues for prevention and lifestyle 
changes for young women.

16.2  Risk Prediction Models

Over the last few decades, a number of models 
have been developed to statistically estimate the 
probability of developing breast cancer based on 
various risk factors, over a predefined period of 
time. The results, in turn, should allow for modi-
fications in breast cancer screening and counsel-
ing on risk-reducing options such as 
pharmacoprevention, surgical prevention, or life-
style change for individuals identified to be at 
higher risk than the general population. However, 
it is well recognized that these models are associ-
ated with a wide range of calibration performance 
and discriminatory accuracy [1, 2]. The Gail 
model, one of the most well-validated risk assess-
ment tools, helps to determine the 5-year and 
lifetime risk of breast cancer in women without a 
history of invasive or in situ breast cancers using 
data from the Breast Detection Demonstration 
Project (BCDDP) [3–5]. This model includes age 
at menarche, age of first live birth, number of 
prior benign breast biopsies, and number of first- 
degree relatives with breast cancer. It was then 
recalibrated to data from the National Cancer 
Institute (NCI) Surveillance, Epidemiology, and 
End Results (SEER) database. However, models 
such as the Gail model have not been validated in 
patients with known mutations such as BRCA1, 
BRCA2, and other hereditary syndromes associ-
ated with breast cancer or in patients with a fam-
ily history beyond first-degree relatives. 
Furthermore, the risk for patients with atypical 

ductal hyperplasia and family history may be 
underestimated by this model. Most importantly, 
this model, like many others, was not designed to 
estimate risk in women aged less than 35 as the 
data used from the BCDDP and SEER data 
recruited women between 35 and 74 years of age 
with a median age of 50 years old.

Building on the Gail model, alternative mod-
els such as the Chen model integrated breast den-
sity into their algorithm, in addition to age of first 
live birth, number of affected first-degree rela-
tives (mothers or sisters), number of previous 
benign breast biopsies, and weight. This was 
based on a significant association with breast 
cancer risk from an independently conducted 
multivariable model [6]. Results suggested a 
higher attributable risk of breast cancer associ-
ated with these features in women under 50, but 
also predicted higher risks than the Gail model 
for women with a higher percentage of dense 
breast area, although this poses issues for the 
screening of young women given the limited sen-
sitivity and specificity of diagnostic imaging. 
This model was also developed based on 1744 
Caucasian women, limiting its applicability to 
individuals of other ethnic backgrounds. 
Addressing some of these issues, the Barlow 
model was designed using prospective data from 
one million women undergoing screening mam-
mography, with separate logistic regression risk 
models for premenopausal and postmenopausal 
women [7]. In premenopausal women, age, 
breast density, family history of breast cancer, 
and a prior breast procedure were found to have a 
strong association with breast cancer risk, 
although none of these factors are targets for new 
preventative strategies, and it remains unclear if a 
reduction in breast density translates into a 
decreased risk of breast cancer.

Moreover, genetics are clearly more relevant 
in young women, which has led to the develop-
ment of models such as BOADICEA (Breast and 
Ovarian Analysis of Disease Incidence and 
Carrier Estimation Algorithm), to estimate the 
likelihood of detecting a mutation in a cancer 
susceptibility gene for an individual [8–10]. The 
most recent version of the model was based on 
2785 families and was the first polygenic breast 
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cancer risk model. However, this model, similar 
to others like it, including the BRCAPRO, IBIS, 
and extended Claus models (eCLAUS), is also 
associated with a wide range of diagnostic accu-
racy [11–14].

Ultimately, the use of predictive models in 
women younger than 40 has not been well estab-
lished, and the accuracy of models to predict the 
likelihood of a young patient harboring a delete-
rious mutation is limited. Decisions regarding 
screening and preventative measures therefore 
remain quite complex and should take all patient 
characteristics into account to make personalized 
recommendations.

16.3  Biological Prevention 
Strategies

16.3.1  Prevention Guided by 
Genetics

Biological factors such as germline and somatic 
mutations are of great interest for the develop-
ment of effective prevention strategies against 
breast cancer in young women. While testing has 
traditionally only included BRCA gene testing 
for high risk individuals, based on their individ-
ual or familial history, contemporary testing now 
comprises multigene panel testing, including 
genes functionally related to BRCA 1 and/or 
BRCA 2 such as CHEK2 and PALB2, as well as 
testing for other known hereditary cancer syn-
dromes such as p53 (Li-Fraumeni syndrome), 
PTEN (Cowden syndrome), STK11 (Peutz- 
Jeghers syndrome), and CDH1 [15, 16]. However, 
as research into cancer genetics evolves, it is 
increasingly recognized that many cancers asso-
ciated with genetic mutations do not always cor-
relate with an individual’s family history [17–19]. 
Notably, recent studies have identified BRCA1 or 
BRCA2 mutations in up to 14% of patients 
unselected for family history with triple-negative 
breast cancers, with a higher incidence in very 
young women [20]. Furthermore, up to 10% of 
high-risk patients without BRCA1 or BRCA2 
mutations have been found to harbor mutations in 
a number of other genes conferring a predisposi-

tion to breast cancer, with the use of new heredi-
tary cancer multigene panel testing [21].

However, current expert opinion from North 
American guidelines continues to reserve genetic 
counseling for individuals with a family history 
of BRCA mutation, a relative with two or more 
primary breast cancers, two or more relatives 
with breast cancer on the same side of the family 
with at least one diagnosed before the age of 50, 
a relative with ovarian cancer, a close family 
member with breast cancer before the age of 45, 
a family history of male breast cancer, or indi-
viduals with Ashkenazi Jewish ancestry [22]. 
Similarly, guidelines in Europe are also some-
what restrictive and suggest testing individuals 
with three or more relatives with breast and ovar-
ian including at least one below the age of 50, 
two relatives with breast cancer below the age of 
40, a male relative with breast cancer, or indi-
viduals of Ashkenazi Jewish heritage with breast 
cancer before the age 60 [16, 23]. Certain coun-
tries use testing criteria based on a 10–20% 
probability of finding a mutation based on pre-
dictive models such as the ones discussed previ-
ously, including the BOADICEA and BRCAPRO 
models [16].

In the context of the difficulties associated 
with the identification of truly high-risk individu-
als, it becomes increasingly difficult to recom-
mend pharmacological and surgical methods of 
prevention which apply to a distinct but heteroge-
neous cohort of young women. There have also 
been concerns regarding the limitations of multi-
gene panel testing, which include multiple genes 
with variable levels of penetrance, an unknown 
level of risk, and many variants of unknown sig-
nificance, complicating the interpretation of test 
results in clinical practice [21, 22]. Finally, there 
is currently no standard panel for multigene test-
ing globally, given the lack of supportive evi-
dence that preventative measures can be effective 
if the mutation is identified earlier. As well, 
increased testing of the tumor genomics may lead 
to new recommendations for germline testing 
based on tumor findings.

With regard to breast examination and screen-
ing imaging in patients fulfilling high-risk crite-
ria, namely BRCA gene mutation carriers, current 
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recommendations suggest annual screening with 
breast magnetic resonance imaging (MRI) start-
ing at age 25, screening mammograms beginning 
at age 30, biannual clinical breast examinations 
by an experienced clinician starting at age 25 or 
10 years before the youngest breast cancer diag-
nosis in the family, and optional monthly self- 
breast examinations which can be beneficial in 
combination with other screening methods 
[24–27].

16.3.2  Ethnic Variations in Breast 
Cancer Biology

Other well-recognized biological factors corre-
lated with the incidence of breast cancer are related 
to ethnic background. While it has been speculated 
that breast cancer outcomes are directly related to 
disparities in social and economic factors limiting 
access to cancer care among various ethnic groups, 
there is also data suggesting a difference in the 
biology of breast cancer related to ethnic back-
ground [28]. With regard to the incidence, it 
remains clear that this is highest in women of 
Caucasian background or European descent with 
rates of 128 per 100,000 women per year as com-
pared to 123 per 100,000 for African-American 
women [29, 30]. However, breast cancers in 
women of African background are more frequently 
associated with unfavorable characteristics, such 
as a higher-grade and negative hormone receptor 
status at the time of presentation, regardless of age, 
which may contribute to the increased mortality 
seen in this particular group [31–34]. African-
American women are also more likely to be diag-
nosed prior to the age of 50 as compared to their 
Caucasian counterparts, and this difference is most 
pronounced in women younger than 35 with a 1.4 
to 2 times higher likelihood compared to Caucasian 
women [35].

Furthermore, data from the SEER database 
reports that although incidence rates are highest 
in Caucasian women, mortality rates are highest 
in African-American women at 30.6 per 100,000 
versus 21.7 per 100,000 [36–38]. Recent corrob-
orative studies from the United Kingdom and 
Australia also report more advanced stages at 

presentation and a lower likelihood of having a 
screen-detected cancer in this same ethnic group 
[39]. Similarly, a population case-control study 
revealed a higher prevalence of basal-like breast 
cancer subtype and lower luminal A subtype in 
premenopausal African women as compared to 
postmenopausal African women and non-African 
women [40, 41]. Some have postulated that this 
may be related to increased parity and lower rates 
of breastfeeding in women of African back-
ground, although these results remain hypothesis 
generating [42]. Regardless, breastfeeding may 
prove to be an important prevention strategy for 
African-American women. While the exact 
mechanisms by which outcomes are worse, it is 
important to realize that differences in biology 
exist and the development of prevention strate-
gies should therefore be designed to identify 
higher-risk individuals, who typically present 
with high-grade, basal-type tumors with higher 
stages of disease, which behave more 
aggressively.

16.3.3  Breast Density and Malignant 
Potential

In addition to the well-recognized risk of breast 
cancer associated with deleterious germline 
mutations and ethnic background, there are a 
number of other important biological features 
thought to be associated with the risk of breast 
cancer. One of the factors with the strongest asso-
ciation with breast cancer is breast density, which 
has been found to be a strong predictor of breast 
cancer incidence, proportional to the increase in 
breast density [43]. While the exact mechanisms 
remain speculative, the risk may be attributed to 
reduced visibility of small tumors on screening 
mammograms, although an independent relation-
ship to the malignant potential of dense breast tis-
sue has also been postulated [43]. Furthermore, 
higher local recurrence rates have been associ-
ated with a higher breast density [44–46]. 
However, despite conferring a higher risk of 
recurrence, data on breast density as a predictor 
for overall survival remains conflicting, with 
some studies suggesting the detection of larger 

N. Levasseur et al.



181

screen-detected tumors, but no effect on overall 
survival in both a British and American cohort 
[47, 48], whereas a larger study of a Swedish 
cohort comprising over 15,000 women aged 45 to 
59 showed a significant association with breast 
cancer mortality [RR  =  1.91 (1.26–2.91)] [49]. 
These differences may be attributed to method-
ological differences, given that the British and 
American studies used the Breast Imaging 
Reporting and Data System (BI-RADS) density 
classification whereas the Swedish study used a 
different but translatable system, the Tabar clas-
sification system. These studies therefore support 
shorter screening intervals to detect breast cancer 
recurrence or new primaries, although none were 
designed for younger women, once again limit-
ing their applicability to a younger patient cohort. 
Interestingly, in a case-control study of 1112 
pairs, 25% of all breast cancers and 50% of can-
cers detected less than 12 months after a negative 
screening test in women younger than the median 
age of 56 were attributed to density exceeding 
50% [50]. Younger age and higher breast density 
were also independently associated with higher 
rates of interval breast cancers in screening pro-
grams [51].

Moreover, the use of alternative imaging tech-
niques in women with dense breast tissue may be 
considered, including new methods to improve 
the accuracy of existing diagnostic methods 
including mammography, with recent studies 
showing a prediction accuracy greater than 80% 
as compared to traditional methods, which 
achieved an accuracy between 55 and 65% [52]. 
Ultrasound may also be considered as an adjunct 
to mammography as an alternative in centers 
where MRIs are unavailable. However, the use of 
supplemental screening modalities should be tai-
lored based on individual risk assessment [53].

Notwithstanding this information, it remains 
unclear if a temporal change in breast density is 
correlated with a reduced risk of breast cancer. 
While it is well known that a number of non- 
modifiable risk factors are associated with breast 
density, including genetics, age, and menopausal 
status, it is also recognized that other lifestyle 
factors such as the number of live births, use of 
hormonal therapy, diet, alcohol intake, weight, 

and exercise are also associated with breast den-
sity [54–61]. These are therefore interesting areas 
of research as they could influence breast density, 
and it could be hypothesized that changes in 
these parameters could lead to therapeutic gains.

16.3.4  Reproductive Factors 
and Breast Cancer Risk

Additional biological considerations linked to the 
development of breast cancer are directly related 
to hormonal and reproductive factors, including 
age at menarche, age at menopause, age at the 
time of first live birth, total number of pregnan-
cies, and exposure to endogenous and exogenous 
hormones.

With regard to age of menarche and age of 
menopause, it is thought that the cumulative 
exposure to estrogen is associated with an 
increased risk of breast cancer. Although it was 
traditionally thought that the total exposure was 
most important, recent studies have suggested 
that early life exposure associated with early 
menarche carries the greatest risk, suggesting 
that timing may be more critical than cumulative 
exposure to estrogen [62, 63]. Notably, breast 
cancer risk has been reported to increase by 5% 
for each year younger at the time of menarche 
[64] and to decrease significantly if menarche 
occurred beyond age 13 [63].

Additionally, associations between parity and 
the risk of breast cancer have been an evolving 
topic over the last 20 years. Specifically, low 
or late parity is thought to be associated with a 
higher cumulative risk of breast cancer, consist-
ing predominantly of hormone receptor-positive 
breast cancers [65]. However, it remains contro-
versial as to whether parity directly influences 
the subtype of breast cancer, with some studies 
suggesting an association between breast cancer 
subtype and age of first live birth/number of full-
term pregnancies [66], whereas other studies 
did not show this [67]. In a Swedish case-con-
trol study of over 12,000 women, it was found 
that increasing parity was associated with a risk 
reduction of 10% in breast cancer with each addi-
tional birth, with a proportional increase in risk 
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dependant on age at first birth [68]. Indeed, it is 
thought that having a child before the age of 24 
decreases the risk of breast cancer by about half 
by the time women reach the age of menopause 
[69], but that childbearing after age 35 may actu-
ally confer a higher risk [67]. Similarly, in a 
retrospective cohort study of women carrying a 
BRCA1 or BRCA2 gene mutation, a statistically 
significant decrease in the risk of breast cancer 
was observed among women who had full-term 
pregnancies and multiple births whereas delayed 
childbirth was associated with an increased risk 
of breast cancer [70]. Interestingly, although 
parity conferred some protection to BRCA gene 
mutation carriers, no link was observed with 
breastfeeding, contradicting other published 
works.

16.3.5  Breast Feeding and Its 
Preventative Role

While a number of historical studies have sug-
gested a risk reduction in women who have 
breastfed, the protective effect of breastfeeding 
has been widely debated. Namely, older multi-
center population-based case-control studies of 
over 14,000 women suggested that even after 
adjustment for parity, age at first delivery, and 
risk factors, breastfeeding was associated with a 
reduction in the risk of breast cancer among pre-
menopausal women [71]. The prospective 
Nurses’ Health Study also suggested that breast-
feeding for 4 months or longer reduced the risk 
of basal-like breast cancer by 40% as compared 
to women who had never breastfed. This has also 
been corroborated by a recent meta-analysis 
[72]. Similar studies conducted in women har-
boring a BRCA gene mutation were equally 
found to have a reduced risk of breast cancer 
with breastfeeding [73]. Other interesting obser-
vations relating to breastfeeding include a pos-
sible higher risk of invasive triple-negative breast 
cancer in women who did not breastfeed, inde-
pendent of other risk factors [42, 74, 75], and 
that longer periods of breastfeeding were associ-
ated with lower odds of developing triple-nega-
tive breast cancer [66, 67].

16.3.6  Exogenous Hormone 
Exposure and Prevention

It is also well recognized that exposure to 
hormone- replacement therapy and exogenous 
estrogens is associated with a higher risk of 
breast cancer. Importantly, it is also thought that 
mammary glands in younger individuals are 
more susceptible than that of older individuals, 
although the exact mechanisms remain specula-
tive [62]. The role of the oral contraceptive pill 
has also been questioned, and its use has also 
been linked with a higher incidence of breast can-
cer [76, 77] and possibly a higher incidence of 
triple-negative breast cancers [78]. This is par-
ticularly true for young women aged less than 35 
and appears to be correlated with both high and 
low concentrations of estradiol, although the risk 
was greatest with pills containing a higher level 
of progestins [79]. Other studies in women aged 
35 or greater did not reveal this same risk [80]. 
Nevertheless, two large case-control studies did 
not reveal an effect on mortality [81], while other 
studies suggested that the risk returns to baseline 
after 4–10 years of discontinuation [77, 79].

In summary, there are a number of biological 
factors directly related to the risk of breast cancer 
in young women, and many younger women 
present with more aggressive tumor biology, 
namely with more triple-negative, triple-positive, 
and HER2-positive tumors [34]. Genetic factors 
remain important to identify high-risk patients 
and guide screening and preventative pharmaco-
logical and surgical methods. However, other 
factors such as breast density, parity, and breast-
feeding are potentially actionable variables which 
could be further utilized in future risk-reducing 
strategies for younger women.

16.4  Pharmacological Prevention 
Strategies

Pharmacoprevention remains one of the most 
widely discussed strategies in women considered 
to be at higher risk for breast cancer, allowing for 
a reduction in estrogen receptor-positive invasive 
and in situ breast cancers with the use of selective 
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estrogen receptor modulators (SERMs) such as 
tamoxifen or raloxifene [82–86]. However, meta- 
analysis data suggests no difference in breast can-
cer-specific survival or overall survival, although 
none of the trials were powered for these endpoints 
[87]. Another important consideration is that the 
use of SERMs was associated with a greater risk 
of thromboembolic disease and endometrial can-
cer, although these events were infrequent and 
generally did not affect quality of life significantly. 
Eligibility criteria varied among trials, but enrolled 
almost exclusively women aged 35 years of age or 
greater [84]. Given the paucity of data in women 
aged younger than 40, current guidelines recom-
mend the use of pharmacoprevention exclusively 
in women aged greater than 35 [88] with a particu-
lar benefit for those aged 35–50 with a 5-year pro-
jected breast cancer risk ≥1.66%, according to the 
National Cancer Institute Breast Cancer Risk 
Assessment Tool based on the Gail model, or for 
women with LCIS. This limits the applicability of 
data to women younger than 35 who may still be 
considered at higher risk of developing breast can-
cer. Furthermore, no evidence exists for raloxifene 
in premenopausal women and therefore should not 
be considered in this patient population. In addi-
tion, observational studies conducted among 
women with a confirmed BRCA mutation sug-
gested an equal but small reduction in hormone 
receptor-positive breast cancers.

It is now also recognized that aromatase inhib-
itors have a limited ability to reduce circulating 
estrogen in premenopausal women and may actu-
ally be detrimental, therefore limiting their role 
in the premenopausal population [89]. The addi-
tional benefit of ovarian suppression in this set-
ting has also not been well established and is not 
considered a standard practice, as compared to 
the adjuvant setting for young women with a his-
tory of high-risk invasive disease, based on 
results of the SOFT and TEXT trials [90, 91].

16.5  Surgical Prevention 
Strategies

Taking the limitations of genetic screening into 
account, preventative surgical strategies, such as 

prophylactic bilateral mastectomies and bilateral 
salpingo-oophorectomy, remain a pillar of risk 
reduction strategies in women found to harbor a 
deleterious BRCA1 or BRCA2 mutation for the 
prevention of breast cancer. However, this data is 
mostly based on prospective cohort studies 
regarding the prophylactic role of surgery for risk 
reduction. Indeed, some studies suggest up to a 
90% relative risk reduction in the development of 
subsequent breast cancer with the use of prophy-
lactic bilateral mastectomies (PBM) [92–95]. 
More recently, a prospective multicenter cohort 
study of 2482 women with BRCA 1 and BRCA2 
mutations detected between 1974 and 2008 and 
conducted in North America and Europe also 
revealed a significant risk reduction of breast 
cancer with mastectomy and a survival benefit 
with salpingo-oophorectomy. The potential long- 
term impacts on body image, sexuality, and other 
aspects of quality of life should be extensively 
discussed prior to embarking on this route. 
Alternative options for risk-reducing surgery 
have also been explored, including skin-sparing 
and nipple-sparing procedures [96]. Regardless 
of which method is selected, it is recommended 
that breast reconstruction options be discussed 
with the patient in advance, with access to imme-
diate reconstruction, if desired [16, 97].

Furthermore, prophylactic bilateral salpingo- 
oophorectomy (BSO) has also been shown to be 
effective for risk reduction of breast cancer in 
premenopausal BRCA carriers, with a risk reduc-
tion of nearly 50% if completed prior to meno-
pause [98]. It is also strongly recommended due 
to the lack of effective ovarian cancer screening 
modalities. Laparoscopic approaches should be 
favored and discussed, after age 35 or when 
childbearing is complete. Meta-analyses also 
suggest a reduction in all-cause mortality favor-
ing the individuals who have undergone a BSO 
[99]. However, careful consideration of the 
impact of facing premature menopausal for 
young women should be addressed, including 
regular bone density measurements, assessment 
of cardiovascular risk factors, and the possible 
need of hormone replacement therapy [26]. Data 
suggesting that the fallopian tubes are the origin 
of ovarian cancers advocates that salpingectomy 
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alone may be considered in very young women, 
with a plan for oophorectomy closer to the time 
of natural menopause, sparing the woman a pre-
cocious menopause [100].

Nevertheless, although the preventative role 
of these surgical interventions has been demon-
strated for patients harboring a BRCA muta-
tion, their preventative role in women with 
other predisposing mutations has yet to be 
established. Therefore, surgical prevention may 
be considered in carriers of a BRCA mutation 
although this same strategy should not be 
applied to women with a moderate to high risk 
without a mutation given the lack of robust 
evidence.

16.6  Environmental Factors 
and Prevention Strategies 
in Young Women

16.6.1  Socioeconomic Status, 
Ethnicity, and Cancer Care

While preventative strategies have long focused 
on the biological and clinical aspects, it has 
become increasingly recognized that there is sig-
nificant interplay between environmental factors 
and breast cancer risk, especially in younger indi-
viduals. One of the most noteworthy aspects of 
this topic is undoubtedly the significant role of 
socioeconomic status and ethnic background on 
disparities in cancer care. Indeed, it has been 
shown that 5-year relative survival from breast 
cancer is linked to socioeconomic status, with a 
relative improvement in survival for women 
residing in more prosperous areas, indicating that 
the benefits of medical advances have not bene-
fited diverse populations equally [29, 30]. 
Notably, cancer death rates for individuals with 
the least education were more than double that of 
the individuals with the most education, as 
detailed in a SEER report from 2011 [101]. The 
adherence to primary prevention and screening 
programs is also associated with a much lower 
uptake in individuals belonging to lower socio-
economic status [102], and this remains true on a 
global level [103].

Review of the incidence rates, mortality, and 
breast cancer-specific mortality reveals the high-
est incidence rates of breast cancer among 
Caucasian women and the lowest incidence rate 
among individuals of Asian or Pacific Island 
background. However, it is widely recognized 
that health disparities persist and that women 
belonging to minority groups generally fare 
worse compared to their Caucasian counterparts 
[104, 105]. Notably, individuals belonging to 
minority groups tend to present with more 
advanced stage of disease at diagnosis and are 
less often involved in clinical trials [74, 106]. 
Moreover, an inverse correlation with survival 
exists among women of African and Hispanic 
background, with much lower reported rates of 
5-year breast cancer-specific survival [29, 30]. 
Although these differences may be partially 
attributed to differences in tumor biology, it has 
also been shown that young women of African- 
American and Hispanic background are also 
more likely to experience delays in diagnosis and 
treatment of breast cancer [107–109]. The health 
inequity among women belonging to minority 
groups seems to be particularly important in 
young women given the difficulty in spreading 
awareness of the importance of breast health and 
cancer screening [110]. While it may be encour-
aging that advances in access to oncological care 
through large cancer centers have translated into 
a reduction of this disproportionate difference, 
access remains problematic in smaller communi-
ties, especially among young women belonging 
to minority groups [109].

16.6.2  Risk of Radiation

Another important factor at the forefront of pre-
ventative strategies is radiation. It is now increas-
ingly acknowledged that radiation confers a 
significantly higher risk of breast cancer, particu-
larly in young individuals with developing breasts 
up until the age of 30, with the highest risk 
 associated with puberty [111, 112]. There are a 
number of studies showing that pediatric cancer 
survivors are at particularly high risk for develop-
ing breast cancer later on in life, especially for 
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those who have received mantle radiation in the 
context of lymphoma [113–116]. However, this 
effect is not limited to therapeutic radiation, but 
also to diagnostic radiation and overall radiation 
exposure in an occupational or environmental 
setting which has also been directly linked to 
breast cancer incidence [117–119]. In a retro-
spective study of nearly 2000 female carriers of 
BRCA1 and BRCA2 mutations, it was found that 
there is a significant association between expo-
sure to diagnostic radiation prior to the age of 30 
and breast cancer risk (HR 1.90 [1.20–3.00]) 
with a dose-response pattern [120]. Similarly, a 
study of carriers of a BRCA mutation with early 
initiation of mammographic screening had an 
increase in radiation-induced breast cancer mor-
tality [121], supporting to current guidelines to 
delay mammography screening after age 30 [16, 
22]. Furthermore, a better culture around occupa-
tional safety and limits to radiation exposure in 
addition to limitation of diagnostic imaging may 
serve as preventative strategies to mitigate risk.

16.6.3  Alcohol Intake and the Risk 
of Cancer

Another important but frequently forgotten target 
for risk reduction is alcohol consumption, which 
has been found to be an independent risk factor 
for breast cancer [122]. Epidemiological studies 
have linked alcohol consumption to the risk of 
breast cancer, with an increase in the order of 4% 
with one drink per day, increasing up to 40–50% 
with heavy alcohol consumption [123]. This is 
thought to be related to increased levels of estro-
gen which in turn increases carcinogenesis 
through a number of mechanisms [124]. It is also 
thought that alcohol directly affects breast den-
sity and may be correlated with an increased risk 
of breast cancer because of this association [125, 
126]. Based on data from 53 epidemiological 
studies comprising nearly 60,000 women with 
breast cancer compared to a non-cancer cohort, it 
was noted that the relative risk of breast cancer 
was 30% greater in women with an average alco-
hol consumption and up to 46% greater in those 
with a higher than average intake when compared 

to those that did not consume alcohol [127]. The 
relative risk also increased by 7% for each addi-
tional daily alcoholic beverage intake. Similarly, 
the prospective Nurses’ Health Study found that 
even usual alcohol intake, defined as 3–6 drinks 
per week, was associated with an increased risk 
of breast cancer, with an independent association 
for those aged 18–40 years of age [128]. 
Interestingly, there was also a strong association 
with hormone receptor-positive status. Perhaps 
what is most interesting is that alcohol intake and 
associated risk may also be associated to age, 
with a higher risk if consumed before first preg-
nancy [129–131]. Data from the Nurses’ Health 
Study also revealed that alcohol intake between 
the time of menarche and age of first birth is 
directly related to an increase in proliferative 
benign lesions, but also of invasive breast cancer 
among premenopausal women [128]. 
Furthermore, younger women are more likely to 
partake in binge drinking, making this an impor-
tant topic of discussion during preventative care 
visits, noting that timing to reach young women 
is especially important.

16.6.4  Smoking and the Risk 
of Cancer

In an attempt to identify other preventative strate-
gies, research has been done on the risk of smok-
ing and the incidence of breast cancer, both in the 
active form and in the passive form by means of 
second-hand smoke exposure. Interestingly, stud-
ies suggest that the risk associated with smoking 
increased by sevenfold when it took place within 
5 years of menarche in parous women, but also in 
nulliparous women who smoked more than 20 
cigarettes daily with a cumulative pack-year 
smoking history of 20 or greater [132]. The cor-
relation between smoking initiation prior to men-
arche or at least 11 years before first birth and 
breast cancer risk is also supported by meta- 
analysis data in the United States [133] and in 
Europe, with a study of more than 300,000 
Norwegian woman revealing that women who 
began smoking more than 10 years before the 
birth of their first child was at 60% increased risk 
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of breast cancer compared to never smokers [134]. 
It was also suggested that this risk may be even 
higher for women with a genetic predisposition to 
breast cancer. With regard to passive smoking, 
five case-control studies concluded that there was 
a significant increase in risk of breast cancer when 
compared to those who had not been exposed 
[135] and that those with the most extensive expo-
sure to passive smoking had a greater than 30% 
increased risk of breast cancer when the exposure 
was greater than 10 years during childhood or 
adulthood at work or greater than 20 years of 
exposure at home during adulthood [136].

16.7  Lifestyle Modifications 
and Their Impact

The final and possibly the most important com-
ponent of preventative strategies is lifestyle 
change and its potential impact on breast cancer 
risk. While biological factors may not necessary 
yield actionable areas of change, lifestyle factors 
can be modified at a low cost to public health care 
with minimal resources.

16.7.1  Obesity and BMI in Breast 
Cancer

One of the first factors worth mentioning is 
weight and BMI as a predictor of cancer risk 
[137]. Obesity is an underrecognized contributor 
to cancer incidence and accounts for up to 20% 
of cancer-related mortality [138–142]. 
Hypotheses surrounding this are related to 
increased aromatization by adipose tissue leading 
to increased estrogen, insulin resistance, proin-
flammatory cytokines, oxidative stress, and the 
activation of insulin-like growth factor pathways 
in obese women [143, 144]. However, most of 
this data applies to postmenopausal women and 
remains controversial with regard to premeno-
pausal women. A population-based cohort study 
conducted in the United Kingdom in over 5 mil-
lion participants concluded that obesity was only 
associated with a higher risk of postmenopausal 
breast cancers, whereas an inverse association 

was observed for premenopausal breast cancers 
[145]. While it has been speculated that this is 
due to reduced progesterone levels in obese pre-
menopausal women, this difference remains mis-
understood [146].

Similarly, a meta-analysis of seven prospec-
tive cohort studies in Europe suggested a higher 
risk of postmenopausal breast cancers in obese 
women [147]. Further evidence suggests that 
postmenopausal breast cancer risk is directly 
associated with adiposity and negatively affects 
breast cancer recurrence and survival in women 
via inflammation of mammary adipose tissue, 
which can occur early during hypertrophy. 
Conversely, truncal fat might be more predictive 
in premenopausal women [148]. The California 
Teachers Study cohort also suggested that obe-
sity at adolescence did not increase the risk of 
breast cancer as compared to adiposity changes 
later in adulthood [149]. In contrast, other studies 
suggest that being overweight or obese is an 
independent prognostic factor for women with 
triple-negative breast cancer, conferring a greater 
risk of death when compared to women of nor-
mal weight [150]. Given the available informa-
tion, it remains difficult to make recommendations 
regarding weight changes for premenopausal 
women given the lack of clear evidence that this 
alters outcomes, although a clear link exists with 
postmenopausal breast cancers.

16.7.2  The Role of Diet 
and Prevention

Although no clear link to premenopausal breast 
cancer could be established with weight, a num-
ber of studies on dietary habits have been linked 
to the risk of breast cancer. Notably, total dietary 
fiber intake during early adulthood was associ-
ated with a 20% lower risk of breast cancer in the 
Nurses’ Health Study II [151]. Interestingly, ear-
lier results from the Nurses’ Health Study II 
 suggested that carbohydrate intake and glycemic 
load varied based on baseline BMI and could 
either mitigate the risk in individuals with low 
BMI or increase the risk in individuals with high 
BMI [152].
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The role of fruit and vegetable intake on breast 
cancer risk has also been a topic of interest with 
mixed results. This was explored by a meta- 
analysis of 26 studies, suggesting a 25% decrease 
in relative risk of breast cancer with high vegeta-
ble intake and to a lesser degree with fruit intake 
[153], although the European Prospective 
Investigation into Cancer and Nutrition study of 
285,000 women did not suggest an association 
[154]. However, some studies have suggested 
that a higher vegetable intake was related to less 
hormone receptor-negative tumors, although this 
was not seen for hormone receptor-positive 
tumors [155, 156].

Moreover, the effect of meat intake was also 
explored based on data from the Nurses’ Health 
Study II, suggesting that a greater consumption 
of red meat during adolescence was associated 
with a 42% increase in premenopausal breast 
cancer risk [157]. A particularly noteworthy find-
ing is that replacement of one serving of red meat 
per day during adolescence with poultry, fish, 
legumes, and nuts was associated with a 15% 
lower risk of breast cancer [157]. Comparison of 
the highest vegetable eaters to the lowest also 
revealed a significant decrease in the risk of pre-
menopausal breast cancer in the range of 35%.

While there are a number of other preventative 
strategies which have been explored, a few worth 
mentioning include the relationship with soy 
intake and a decrease in premenopausal breast 
cancer, although the effect was different in Asia 
as compared to Western countries which may be 
related to the balance of soy with other nutrients 
[158]. A case-cohort analysis has also shown bet-
ter outcomes including overall survival with 
higher levels of 25-hydroxyvitamin D [159], 
which could also serve as a prevention strategy.

16.7.3  Exercise and Risk Mitigation

A large component of lifestyle change is physical 
activity, and a number of studies over the last two 
decades have attempted to identify the role of 
exercise in cancer prevention. Review of epide-
miological evidence from 73 studies conducted 
globally reveals a 25% average risk reduction 

across studies among physically active women as 
compared to their inactive counterparts [160]. 
Associations were greatest with activities of 
moderate to vigorous intensity (>4.5 METs, 
equivalent to mowing the lawn) and those which 
were performed regularly [161]. Review of 29 
other case-control studies has also suggested an 
inverse association between exercise and breast 
cancer risk, although the effect was much less 
pronounced in premenopausal women around 
15–20% [162]. There was, however, evidence of 
a dose-response relationship in the higher-quality 
studies included in this review, with a decrease of 
up to 6% for every additional hour of physical 
activity per week, assuming this would be sus-
tained [162]. While all this data seems generally 
in favor of exercise for breast cancer prevention, 
a number of inconsistencies make the application 
to clinical practice difficult. This is partially due 
to the fact that it is unclear if the late adoption of 
an active lifestyle can be initiated early enough to 
translate into meaningful change, but also due to 
the significant variability of physical activity 
across studies; the effect also varies according to 
subgroups and different tumor biology. 
Nonetheless, exercise has so many other health 
benefits that its adoption as a prevention strategy 
for other medical conditions, including breast 
cancer, should not be discounted.

16.7.4  Sleep, Shift Work, and Its 
Effect on Cancer Risk

Finally, short sleep duration, sleep quality, and 
changes to circadian rhythm have been shown to 
have adverse metabolic implications which have 
been linked to worse cancer outcomes, putting 
young women at high risk [163]. Furthermore, 6 
of 8 epidemiological studies noted a modestly 
increase risk of breast cancer among individuals 
who worked night shifts as compared to those 
who worked day shifts, with one study estimating 
up to 36% increase in breast cancer risk follow-
ing 30 years of shift work [164]. This is thought 
to be related to disruption of the circadian rhythm, 
light at night, suppression of melatonin, and sleep 
deprivation [165–167]. The International Agency 
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for Research on Cancer (IARC) has since then 
stated that “shift work involving circadian dis-
ruption is probably carcinogenic to humans” 
[164]. This may be attributed to hypoxia, inflam-
matory response, immune response, and endo-
crine and neurological factors although no clear 
explanation has been definitely supported. A 
large prospective Japanese study of nearly 24,000 
women also reported that shorter sleep duration 
was associated with a higher risk of breast cancer 
compared to those who slept 7 h per night [168]. 
Thus, while shift work is unavoidable in certain 
industries, the ramifications are much larger than 
previously believed, and adoption of good sleep 
hygiene should be recommended as part of can-
cer prevention.

16.8  Summary

While there are a number of attractive lifestyle 
interventions which can be utilized as protective 
strategies, the prevention of breast cancer in 
young women remains different and complex. 
Biological factors are clearly more relevant, and 
breast cancers in a younger age group are more 
likely to be due to hereditary causes, more likely 
to be found at a later stage and more aggressive in 
nature. Furthermore, breast density and repro-
ductive factors are of considerable importance in 
the development of breast cancer in younger 
women. Environmental exposure in earlier stages 
of life appears to be associated with greater risk, 
notably with regard to radiation, alcohol, and 
smoking. The study of lifestyle interventions as 
preventative strategies, as they relate to diet, 
exercise, and sleep disturbances, also warrants 
further evaluation.

Instigating change is difficult at the individual 
level, and a number of strategies have been uti-
lized, such as the 5 A’s model, which consists of 
asking what is the current behavior, advising on 
appropriate changes, assessing the barriers or 
opportunities for change, assisting with behavior 
modification, and arranging follow-up to ensure 
the new behavior is maintained [169–171]. 
However, it is vital that the punitive aspect of pre-
vention be avoided. From a societal standpoint, 

the importance of prevention among young 
women must be emphasized, and further research 
on the impact of prevention strategies is needed. 
Furthermore, the disproportionate shift in breast 
cancer-related mortality in young minority 
groups should be addressed, with an emphasis on 
engaging young women in prevention programs. 
The dissemination of information regarding bio-
logical factors, environmental factors, and life-
style factors is crucial to the adoption of better 
behaviors, and the recognition of risk factors may 
ultimately lead to innovative risk-modifying 
opportunities.

Given the uncertainty and variable diagnostic 
accuracy of prediction models, individualized 
risk assessments must be performed, which also 
poses a challenge to the implementation of tar-
geted prevention programs. Current initiatives 
include the Bring your Brave Campaign, led by 
the Centers for Disease Control and Prevention 
(CDC), designed to reach young women with 
information relating to breast cancer. Other pro-
grams have also been developed, such as the 
Know BRCA, to provide women with easily 
accessible resources which may help them with 
health-related decisions. Ultimately, although 
research has generally been focused on all ages, 
there is a large unmet need for preventative 
research tailored to young women.
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Supportive Care and Psycho- 
oncology Issues During 
and Beyond Diagnosis 
and Treatment

Luzia Travado and Julia H. Rowland

17.1  Impact of Cancer and Its 
Consequences

17.1.1  Overview

The discovery of a breast lump by the woman 
herself or secondary to an otherwise routine 
breast screening examination is a highly anxiety 
producing experience. The anxiety is driven by 
the fear of receiving a diagnosis of cancer, which 
is still considered by many as a “death sentence” 
[2, 3], and represents a significant threat to a 
woman’s physical and psychological integrity. 
A  cancer diagnosis often forces people to con-
front their own mortality, precipitating a search 
for ways to negotiate uncertainty about the dis-
ease and the future. As illustrated in the above 
personal narrative, uncertainty, anxiety, a state of 
confusion and shock, denial, and feelings of 

anger or rage are characteristic of individuals 
who are confronted with an acute crisis such as a 
diagnosis of cancer. A variety of factors enter into 
a woman’s adaptation to her diagnosis including 
the nature of her illness (stage, treatment options, 
likely side effects and late risks), what she brings 
to the experience in terms of personal and psy-
chosocial resources, the social context within 
which her illness and treatment occur, and, 
importantly, the supportive care she receives 
along the way. Age at time of diagnosis exerts a 
unique influence on adaptation.

17.1.2  Breast Cancer in the Younger 
Woman

While women of all ages may worry about threat 
to life and future health, as well as the potential 
for disfigurement, disability, and discomfort 
associated with treatment, these fears are often 
heightened in younger women (those under age 
40 as defined by the BCY Consensus Guidelines 
[4]) for whom the diagnosis of cancer is experi-
enced as being “off-time” in their expected life 
course. Median age at diagnosis of breast cancer 
in the USA is 62; as of January 1, 2018, an esti-
mated 63% of breast cancer survivors are aged 65 

So this is what it feels like to be told you have cancer. Shock, numbness, fear, unreality—
this cannot actually be happening to me. (…) Suddenly I was out of control of my life; 
cancer had invaded my body and horror was fast invading my mind. [1]

(Scott H., Me: Why Me?—One Patient’s Story, 1994, p. xiii).
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or older [5]. By comparison, breast cancer in a 
younger woman is less common.

The diagnosis and management of cancer in a 
young woman sets her on a potential collision 
course with normal personal and family develop-
ment stages [4]. Young women are usually lead-
ing very active lives; many are striving to attain 
or are at the peak of their professional careers; 
many will be married or in committed relation-
ships, or if single wishing to date or seek life 
partnerships; many will have children at home, or 
wish to have a child; all are fully engaged in their 
life projects and social life. Beyond the disrup-
tion of multiple active roles, there is the percep-
tion of having more to lose, an anticipated threat 
to nascent career and family aspirations, and, at 
the extreme, a potentially foreshortened future.

Although younger women represent a minority 
of breast cancer cases, they tend to be overrepre-
sented among those experiencing the poorest psy-
chosocial adjustment during and following 
treatment. Worse quality of life and depressive 
symptoms have been shown to be more frequent 
and severe in breast cancer survivors age 50 or 
younger when compared to the general age-
matched population and older women (age > 50) 
with cancer [6]. Concerns most frequently 
reported in this age group pertain to body image, 
sexual functioning, fertility, relationships, fear of 
cancer recurrence, and caring for children; failure 
of healthcare providers to initiate conversations to 
educate women about treatment side effects early 
on and/or safely discuss sensitive issues; and the 
lack of widespread availability of professional 
psychosocial programs that are tailored to the 
unique needs of this age group [7]. Unchecked 
and unattended, these concerns are intrusive at the 
emotional and cognitive level and may interfere 
with social function and concentration.

17.2  Adaptation to Breast Cancer: 
A Phase Approach

Adaptation to cancer, a major stressor for any-
one, varies widely from individual to individual 
and is influenced by a variety of factors. Among 
these are disease stage and where the person is in 
the disease trajectory [8].

17.2.1  Diagnosis of Cancer: A Crisis 
Event

Why me? What did I do wrong? Did I cause the 
cancer? Did someone wish this on me – who was 
it? Is this punishment? Am I going to die? These 
are some of the common questions a woman may 
ask. Fear, anxiety, depression, denial, psychic 
numbness, confusion, confronting one’s mortal-
ity, terror, anger, and loss of trust in God, in self, 
in one’s body, and in others are common feelings 
and reactions that women may exhibit [9].

A diagnosis of cancer introduces many altera-
tions in a person’s life that require adjustment, 
effective problem-solving, and active coping. 
Integrating the reality of the diagnosis into one’s 
personal life, tolerating emotional turmoil and 
stress, accepting help and some dependency, 
adjusting to the milieu of the healthcare system, 
planning regular daily routines to undergo treat-
ment, making decisions about treatment options, 
communicating about the illness/diagnosis and 
its implications to family and friends (specifi-
cally for younger patients, their children, and/or 
parents), and searching for meaning in the 
adverse episode they are living are some of the 
coping tasks identified in the early phase of deal-
ing with diagnosis. All of these must be juggled 
while the woman simultaneously focuses on try-
ing to get the best care possible or available with 
the least disruption to life [9].

In looking back, the early phase of care is 
reported by many women to be the most stressful 
of their breast cancer experience, that is, living with 
the uncertainty and trying to come to grips with a 
new reality while also making the “right” decisions 
about what to do next. As information about the 
recommended course of care emerges, and a plan 
of treatment is determined and therapy actually 
begins, anxiety generally tends to diminish.

17.2.2  Treatment: A Varied Journey

Although breast cancer treatment saves lives and 
has increased survival enormously in the past 
decades bringing new hope for cancer patients, it 
nevertheless entails, in most cases, complex, 
multimodal regimens that produce significant 
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side effects with both short- and long-term conse-
quences for the individual. Cancer and its treat-
ment have the capacity to affect virtually all areas 
of the woman’s life: physical, psychological, 
social, and spiritual, each of which may interfere 
with the woman’s well-being and quality of life 
(see Table 17.1) [10, 11].

At the physical level, the type of available 
treatments may involve disfigurement (e.g., 
amputations, alopecia) or unpleasant symptoms 
(e.g., pain, nausea and vomiting, fatigue), as well 
as interfere with the body and its functions 
(including premature menopause, infertility). 

Combined, these can have significant conse-
quences for patients’ body image, sense of well- 
being, and performance in daily life activities [10, 
11]. Innovative surgical procedures, including 
breast conservation (lumpectomy or partial breast 
surgery) and post-mastectomy reconstruction, 
have improved aesthetic outcomes for women, 
sparing them the deforming consequences of the 
more aggressive procedures performed in the past 
(e.g., radical mastectomy); they have also contrib-
uted to improved psychosocial outcomes [12–14]. 
New antiemetics (to control severe nausea and 
vomiting) and other supportive drugs are now 
commonly used to reduce the side effects of che-
motherapy. The use of novel cold caps can even 
help prevent or reduce alopecia in women facing 
chemotherapy [15].

Therapy may also affect patients’ neurocogni-
tive function, resulting in decreased attention, 
poor concentration, and memory impairment 
[16]; generate fatigue [17]; and cause other effects 
such as problems with sleep [18], appetite [19], 
and sexual function [20].The most common phys-
ical symptoms reported by breast cancer patients 
are pain, fatigue, arm impairment, and postmeno-
pausal complaints [13]. The stage of the disease at 
diagnosis and its characteristics, whether it is an 
initial stage or more advanced cancer, also have 
different implications in terms of the physical and 
psychological burden of symptoms (e.g., pain, 
depression, and delirium), with the advanced 
stages being associated with a heavier burden of 
illness (see following section on recurrence and 
advanced disease) [20]. For young women, hor-
mone therapy, with its side effects of induced 
menopause, reduced libido, and vaginal dryness, 
can have a major impact on the woman’s comfort 
with intimacy and sexuality with a partner.

From the psychological point of view, myriad 
reactions can contribute to distress. These include 
perceived loss of health, uncertainty about the 
future, threat of possible death, concern about 
physical symptoms and functional limitations, 
emotional lability (e.g., roller coaster feelings of 
fear, anxiety, worry, sadness, despair, change in 
body image), loss of control and autonomy, the 
need to rely on others, and the change in perspec-
tive about self and the future. These reactions 
may be more or less intense and lead to increased 

Table 17.1 Adverse psychosocial and behavioral 
responses to cancer and its treatmenta,b

Surgery Altered body image (response to 
amputation, reconstruction, scarring), 
disfigurement/mutilation, loss of 
self-esteem

Radiation Disfigurement (burns, fibrous breasts/
tissue, tattooing)

Chemotherapy Adherence issues, altered body image 
(alopecia/hair loss, skin changes, 
weight gain/loss), cognitive changes 
(problems with concentration and 
attention), sexual dysfunction 
(premature menopause, hot flashes, 
loss of libido/desire, infertility)

Hormonal 
therapy

Adherence issues, cognitive changes 
(problems with concentration and 
attention), sexual dysfunction 
(premature menopause, hot flashes, 
loss of libido/desire, infertility), 
weight gain

Cancer in 
general

Altered interpersonal relationships, 
anger, anxiety, cancer-related 
posttraumatic stress, blame (of others 
and/or self), depression, existential 
plight (Why me? Why now? What 
now?), fear of recurrence/second 
malignancy, financial worries, guilt, 
isolation, problems coping with 
number and/or intensity of physical 
side effects (e.g., nausea and 
vomiting, pain, fatigue, sleep 
disruption), sense of foreshortened 
future, social disruption (family, 
work), spiritual threat, stigmatization

aResponses are listed alphabetically, not in order of preva-
lence or importance which can vary across populations 
and for each woman respectively
bAdverse reactions to the newer biological and immuno-
therapies are still emerging and are not listed here. Given 
that many of these are taken over long periods of time, con-
sideration should be given to the challenges of adherence
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suffering for patients and their families, further 
contributing to the psychological distress associ-
ated with cancer [10, 21].

The family, social, and interpersonal dimen-
sions are also affected by the disease and its treat-
ments. When cancer strikes, the individual’s 
social and family roles and routine tasks are dis-
rupted, dismissed, or delegated to others to give 
priority to the demands of treatment. Feelings of 
loneliness or isolation, problems in returning to 
work, and marginalization or stigmatization are 
common issues reported by patients. The impact 
of cancer must also be considered at the spiritual 
and existential level. Religion and faith, the per-
son’s set of spiritual values, the meaning given to 
life and existence, and the perception of time and 
the future are often revisited in people affected by 
cancer or other chronic diseases in general. In 
particular, faith and spirituality frequently serve 
as central and valued components of many peo-
ple’s lives. These may play an important role in 
the cancer patient’s adaptation, such that individ-
uals with strong religious beliefs or sense of spir-
ituality may be protected from psychological 
morbidity, specifically depression [22].

In addition to these diverse individual dimen-
sions affected by the disease, another area of 
impact for the patient is her relationship with the 
healthcare system and the healthcare profession-
als involved in her care[23]. The type of commu-
nication and trust promoted by the healthcare 
staff is of utmost importance and significantly 
affects patients’ adaptation to the disease and its 
treatments [23]. Further, other dimensions of 
cancer care delivery can create unique challenges 
to adaptation. These include distance from or 
barriers to care based on the location and acces-
sibility of the hospital or clinic for the patient and 
her family, loss of privacy, the impersonal nature 
of treatments and procedures, and exposure to 
new and confusing terminology.

17.2.3  Recurrent or Metastatic 
Disease: Confronting 
Mortality

Knowledge that the cancer has returned or is 
found to be at an advanced stage can be devastat-

ing. If the recurrence is local and has the potential 
for cure, adaptation can occur over time [24]. 
However, even when disease is localized, levels 
of psychiatric morbidity can be high. When com-
pared with disease-free survivors, women who 
experience a recurrence report worse physical 
functioning and perceived health, greater impair-
ment in emotional well-being, more problems in 
family as well as healthcare provider relation-
ships, and less hope [24].

When the disease is metastatic or stage IV at 
diagnosis or, despite treatment, progresses to a 
more advanced stage, the woman is confronted 
with a new set of challenges. Among these are the 
need for the woman to come to terms with the fact 
that her illness will never be cured (she will never 
be disease-free); rather, her cancer will become a 
chronic condition that must be actively managed. 
While there may be periods of relative relief, 
times of high symptoms and disease burden are 
also expected. Women may struggle with the lost 
hope for cure and accompanying need to face and 
prepare for end-of-life decisions and actions. In a 
survey conducted among women with metastatic 
breast cancer (n  =  618), the most frequently 
reported symptoms were fatigue (98%), insomnia 
(84%), pain (79%), hot flashes (79%), cognitive 
problems (78%), hair loss (77%), sexual problems 
(73%), depression (66%), anxiety (59%), neurop-
athy (65%), loss of appetite (60%), and nausea 
(55%). The broad range and prevalence of symp-
toms experienced account for the diversity of 
physical as well as psychosocial needs of women 
in this phase [25]. In general, women with more 
advanced disease report higher rates of depression 
than those with earlier stage illness [26, 27]. 
Because pain is such a common—and often 
feared—experience in people living with 
advanced cancer, attention to its management as 
part of psychosocial care is critical.

17.2.4  Posttreatment: Embracing 
Survivorship

Addressing the psychosocial needs of young 
women treated for breast cancer does not end 
when treatment ends. Indeed, the unique psycho-
social challenges related to the transition to 
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recovery and life after breast cancer often catch 
many women, their loved ones—and even health-
care providers—by surprise. As some survivors 
describe the reentry phase, “It is not over when it 
is over!”

Women who may have adapted well during 
treatment can find anxiety increasing as the end 
of therapy approaches. A number of factors atten-
dant to the termination of treatment serve to fan 
women’s anxiety. These include fear that the can-
cer will come back once treatment stops, loss of a 
supportive and caring clinical environment, lack 
of a clear plan for future care and worry about 
who will provide this care as well as who to call 
if there is a problem, the cumulative effects of 
treatment (such that women often find they feel 
worse, not better at the end of treatment), and 
pressure by family and friends to return to “nor-
mal” function. Finding her “new normal” takes 
time, as does the recovery process. Giving women 
permission to take the time necessary to heal and 
to process the experience she has undergone is 
helpful in aiding recovery.

Younger breast cancer survivors report lower 
quality of life after treatment when compared to 
older women, and the largest functional deficits 
when compared to age-matched peers without a 
cancer history [28]. They talk about having to 
endure long-term (5–10  years) effects such as 
earlier menopause (with its hot flashes, lower 
sexual desire, vaginal dryness, reduced frequency 
of sexual activity), reduced breast sensitivity, 
infertility, menstrual changes, lymphedema, pain, 
sleep problems, weight gain, scars (body-image 
issues), and problems with physical and recre-
ational activities due to physical limitations. 
They also report experiencing a disrupted sense 
of normalcy in their physical developmental tra-
jectory, their womanhood, their youth and health, 
and their family plans and a negative impact in 
particular on couple well-being [28].

Despite cancer’s challenges, those who have 
worked long term with breast cancer survivors 
often note their remarkable resilience; some have 
even studied posttraumatic growth as a benefit to 
surviving life-threatening illness [29]. 
Nevertheless, cure comes with a human cost. 
Research shows that breast cancer survivors are 
at higher risk of late morbidity which in turn can 

affect their participation in the workforce [30]. 
Population-based data suggest that over time, 
carrying a cancer history puts survivors at greater 
risk for experiencing problems in their physical 
(24.5%) and mental (10.1%) health compared 
with 10.2% and 5.9% of adults without cancer, 
respectively [31]. A large, international retro-
spective study of suicide among long-term breast 
cancer survivors saw elevated risk compared to 
population norms for women even 25 or more 
years after diagnosis [32]. These findings have 
propelled the clinical community to recommend 
extending routine screening for distress and/or 
anxiety and depression beyond the active treat-
ment phase [33, 34].

17.3  Risk Factors for Distress

While not always systematically assessed, the 
risk factors for problems in adapting to cancer are 
well known and described (see Table 17.2) [35–
38]. These can be viewed as falling into three 
main categories: medical (the clinical character-
istics of the situation), personal (what a woman 
brings to her experience, both coping assets and 
liabilities), and social (the context in which dis-
ease is treated and associated resources). To these 
are added factors that are particular to breast can-
cer (e.g., genetic or family history, concern about 
breast disfigurement). With few exceptions (age, 
stage at diagnosis, prior history of cancer and/or 
trauma), most are amenable to supportive inter-
vention. For example, women experiencing isola-
tion can be linked to support groups and/or seen 
in consultation by mental health staff; those con-
cerned with the economic burden of cancer can 
be referred to financial services or agencies that 
help with cost of care. Even the adverse effect of 
low income/education can be modified by use of 
educational materials tailored for appropriate 
reading levels and referral to social services to 
help with transportation, child-care needs, and 
barriers to access to care. Some of these risk fac-
tors are embedded in current quick-screen tools 
such as the Distress Thermometer checklist dis-
cussed later in this chapter. Finding a way to 
evaluate women for each of these risk factors and 
considering approaches to address them in plans 
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for care at the outset can help reduce risk of poor 
adaptation later.

17.4  Prevalence of Distress, 
Anxiety, and Depression 
in Women with Breast Cancer

In the face of a cancer diagnosis and the demands 
of treatment, many patients develop symptoms 
indicative of psychological distress. Psychological 
suffering of cancer patients was coined as dis-
tress by the National Comprehensive Cancer 
Network (NCCN) in order to destigmatize as 

well as differentiate these reactions from stan-
dard mental health conditions or nomenclature, 
categorizations that often do not apply in the can-
cer setting. Cancer-related distress was defined 
as:

…a multifactorial unpleasant emotional experi-
ence of a psychological (i.e., cognitive, behavioral, 
emotional), social and/or spiritual nature that may 
interfere with the ability to cope effectively with 
cancer, its physical symptoms, and its treatment. 
Distress extends along a continuum, ranging from 
common feelings of vulnerability, sadness and 
fears to problems that can become disabling, such 
as depression, anxiety, panic, social isolation and 
spiritual crisis (NCCN, 2018) [39].

Reflected in this definition is the premise that 
it is considered normal for patients to develop 
emotional reactions when confronted with can-
cer, such as fear, worry, or sadness. In a subset of 
individuals, these states may escalate into condi-
tions with clinical significance, such as anxiety, 
depression, or maladjustment. These latter states 
are pathological and therefore termed as “psy-
chological morbidity” versus distress. Over time, 
most patients adjust to the cancer experience and, 
as noted earlier, may even find a sense of per-
sonal growth, giving life new and more positive 
meanings (i.e., posttraumatic growth) [29, 40]. 
Nevertheless, it is still the case that for the 
 majority of patients the initial experience of the 
disease and its treatments have dramatic conse-
quences for their psychosocial equilibrium and 
quality of life [41].

The prevalence of distress in cancer patients 
has been studied in many countries worldwide. In 
a landmark study conducted by Zabora and col-
leagues in which they assessed 4496 cancer 
patients, the average prevalence rate of psycho-
logical distress was 35.1% and ranged from 
43.4% in patients with lung cancer to 29.6% in 
women with gynecologic cancer, to 32.8% for 
patients with early stage breast cancer [42]. Other 
international studies report similar findings sug-
gesting that about 4 in 10 cancer patients experi-
ence significant distress [43, 44], a prevalence 
figure similar to that found in younger early-stage 
breast cancer [45]. For metastatic breast cancer 
patients, prevalence of distress can be as high as 
60% [46]. In their experience, Ruddy and col-

Table 17.2  Risk factors for poor adaptation

1. Medical
  (a) More advanced disease/worse prognosis
  (b) More intense or aggressive treatment
  (c) Other/multiple comorbid conditions
  (d)  Greater symptom burden (e.g., pain, fatigue, 

lymphedema)
  (e) Fewer rehabilitative options
  (f) Poor doctor/patient relationship
2. Personal
  (a) Prior psychiatric history
  (b)  Past trauma history (especially physical or 

sexual abuse)
  (c) Rigid or limited coping capacity
  (d) Helpless/hopeless outlook
  (e) Low income/education
  (f)  Multiple competing demands (e.g., work, child 

or other family care, economic concerns)
  (g) Poor marital/interpersonal relationships
  (h) Younger age (<40) or older age (>80)
  (i)  Having children younger than 21
3. Social
  (a)  Lack of social support (and/or religious 

affiliation) (including lack of a partner: single, 
divorced, widowed)

  (b) Limited access to service resources
  (c) Multiple stressful life events
  (d) Cultural biases
  (e) Social stigma or illness taboo
4. Breast cancer specific
  (a) Prior breast cancer experience
   • Recurrence or second breast cancer
   • Loss of family or friends to breast cancer
  (b)  High investment in body image, in particular 

breasts

Source: Adapted from Weisman D. Early diagnosis of vul-
nerability in cancer patients Am J Med Sci 1976;271:187
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leagues found later stage of disease and financial 
difficulties increased risk for distress, whereas 
factors such as level of education, type of sur-
gery, receipt of chemotherapy, employment sta-
tus, marital status, having children, family history 
of cancer, and alcohol consumption were not 
found to be predictors of anxiety, depression, or 
overall distress [45].

Depression and anxiety have been identified 
as the most significant source of psychological 
morbidity associated with cancer [21], along with 
adjustment disorder [47]. In their study using the 
Diagnostic and Statistical Manual of Mental 
Disorders (DSM) or the International 
Classification of Diseases (ICD) criteria, Mitchell 
and colleagues found the prevalence of depres-
sion to be 16.5% (13.1–20.3%), adjustment dis-
order to be 15.4% (10.1–21.6%), and anxiety 
disorders to be 9.8% (6.8–13.2%) [47]. While 
these data pertained to single diagnosis, a combi-
nation of emotional problems was found to be 
frequent, with all types of depression occurring 
in 20.7% of patients (12.9–29.8%), depression 
plus adjustment disorder in 31.6% (25.0–38.7%), 
and any mood disorder in 38.2% (28.4–48.6%) 
[47]. Of note, marked distress associated with 
disruption of social or occupational function may 
show up as an adjustment disorder [48].

Not surprisingly, depression and anxiety are 
also the most frequent cause of psychological 
morbidity following the diagnosis and treatment 
of breast cancer [49–51]. Actual prevalence var-
ies by study but may range from 20 to 50% for 
women with early-stage breast cancer in the first 
year after diagnosis [36, 52, 53]. In a study we 
conducted with Portuguese breast cancer patients 
who were posttreatment for their disease [54], we 
found the presence of anxiety in 39.1% of the 
women and depression in 29.1%; as many as ¼ of 
the women (16.1–24.5%) reported psychological 
morbidity. Others have confirmed this pattern 
[55]. Importantly, a number of studies examining 
quality-of-life outcomes following breast cancer 
report a negative association with depression and 
anxiety [54, 56, 57].

Depression is the psychological response to 
the losses the cancer patient faces in her illness 
trajectory and is characterized by the presence of 

symptoms of depressed mood and anhedonia, 
appetite and sleep disturbance, psychomotor agi-
tation or retardation, decreased energy, feelings 
of worthlessness or guilt, difficulty concentrat-
ing, and/or suicidal ideation [58]. Depression can 
range on a continuum of intensity from mild sub-
threshold symptoms to moderate and severe 
symptoms, which may account for major depres-
sion [59].

Anxiety is the psychological response to the 
threat of life, uncertainty, and suffering the can-
cer patient faces in her illness trajectory and is 
characterized by the presence of symptoms such 
as fear, difficulty concentrating, irritability, sleep 
disturbance, excessive worry and fright, palpita-
tions, shortness of breath, restlessness, sweats, 
and gastrointestinal discomfort, among others 
[60]. Anxiety may range from mild to severe and 
may have peaks at critical points or phases during 
the course of the disease similar to patterns 
reported for other life-threatening illnesses [61]. 
Critical anxiety-generating phases are the time of 
diagnosis, before and during major treatments in 
the acute phase (e.g., surgery, chemotherapy, 
radiotherapy), before and during clinical tests 
(e.g., biopsy, PET scan), in the chronic phase 
when facing symptoms that suggest a recurrence 
or when a relapse is diagnosed, before and after 
receiving clinical results, and when entering ter-
minal phase [62]. Anxiety has been found to be 
more frequent in the pretreatment phases while 
depression is more common in the posttreatment 
ones [63]. The prevalence of anxiety varies 
according to the phase in which the patient is in 
the cancer trajectory. In a large cohort study of 
adult outpatients, 34% had significant anxiety 
symptoms [64].

Psychological morbidity has significant nega-
tive consequences for the patient, affecting her 
quality of life [65], and clinical outcomes. It has 
been reported in several studies that it decreases 
treatment compliance [66, 67], reduces the effec-
tiveness of chemotherapy [68], shortens survival 
time [69, 70], increases symptom burden and func-
tional impairment [71], results in longer hospital 
stays [72], and increases risk of suicide [73]. The 
breadth of reported negative effects of psychologi-
cal morbidity on patients’ clinical outcomes makes 
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clear that in treating the cancer, the patient’s psy-
chosocial variables can play an independent role 
and can either facilitate or complicate health-
related outcomes.

17.5  Psychological Interventions

How women adjust to their cancer is closely related 
to the way they evaluate their illness. According to 
the transactional stress model of Richard Lazarus 
[74, 75], the emotional reaction and the psycho-
logical adjustment of a person to a stressful event is 
determined by her appraisal of the threat and the 
resources perceived as being available to help her 
cope. This opens up the field for psychological 
interventions, particularly cognitive- behavioral 
therapy (CBT) interventions [76].

A broad array of interventions has proved suc-
cessful in reducing the psychological symptoms 
of women with breast cancer in the various 
phases of the disease continuum; these have also 
shown efficacy in reducing symptom burden, 
improving overall quality of life, and facilitating 
psychosocial adjustment. These are well reviewed 
elsewhere [77–80]. A detailed review of the use 
of different interventions across the course of 
care is beyond the scope of this chapter. 
Interventions vary widely by type (e.g., individ-
ual vs. group), orientation (e.g., behavioral vs. 
cognitive vs. supportive), mode of delivery (in 
person vs. remote), duration (time limited vs. 
open-ended), and timing (before, during, and/or 
after treatment), as well as target audience served 
(early vs. advanced stage, younger than 40 vs. 
older, partnered vs. single, or mixed). All share a 
fundamental purpose, namely, to provide each 
woman with the skills or resources necessary to 
cope with her illness and improve the quality of 
her life and health. It is clear that work remains to 
be done to help us more systematically determine 
who needs what, delivered by whom, and when 
in the course of care [81]. However, a few broad 
generalizations can be made about use of these 
programs in the care and support of women 
treated for breast cancer and their families.

First, women who receive an intervention 
designed to improve well-being, and coping, or 

reduce distress do better than women who do 
not. Importantly, they are not at risk for doing 
worse. Women receiving some form of individ-
ual or group therapy experienced less anxiety 
and depression, reported increased sense of con-
trol, improved body image and better sexual 
function, had greater satisfaction with care, and 
exhibited improved medication adherence [82, 
83]. In a meta-analysis, new interventions such 
as mindfulness- based stress reduction (MBSR) 
have also shown significant benefits in reducing 
stress, anxiety, and depression [84].

Second, in the small number of studies that 
compared or controlled for mode of delivery, no 
difference was found for outcomes between 
women receiving individual versus group inter-
ventions. This is reassuring as individually tai-
lored programs (arguably the ideal for maximizing 
effect) are not always feasible. Some argue that 
group participation offers the advantage of pro-
viding a uniquely supportive and normalizing 
experience. Current experimentation with online, 
web-based, telephone, and digital (applications 
or apps) modalities for intervention delivery has 
the potential to overcome barriers of isolation, 
distance or access to programs, desire for privacy 
or anonymity, and also tailored personalization 
not readily attainable in less nimble, older indi-
vidual and group interventions.

Third, the use of psychosocial and behavioral 
interventions in cancer continues to rise. The use 
of these services reflects both patient demand 
and growing awareness that addressing psycho-
social distress may improve physical outcomes 
for survivors. Current opinion is that such inter-
ventions do not prolong survival [85, 86], but 
do help women “live better,” although there is 
provocative evidence to suggest that women in 
the highest risk groups for medical and psycho-
logical morbidity (see Table 17.1) may realize a 
survival benefit [87, 88]. These techniques and 
therapies are important resources for the clinician 
to have for use in the psychological treatment of 
women as part of quality cancer care. Based on 
the literature to date, evidence-based psychoso-
cial interventions addressing cancer patients’ 
psychosocial needs have proven beneficial to 
patients’ psychological adjustment. When appro-
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priately administered, they have the potential to 
significantly reduce psychological symptoms 
of depression and anxiety, prevent psychologi-
cal morbidity, increase treatment compliance, 
improve quality of life and well-being, facilitate 
the recovery process and return to work, and, in 
limited instances, may even increase survival 
time [59, 62, 85–88]. In addition to reducing the 
human cost of cancer, psychosocial interventions 
have the potential to reduce the long-term eco-
nomic cost of this disease, which may be of keen 
interest to overburdened healthcare systems [89]. 
When systematically integrated into cancer care, 
and to the extent that they result in adequate sup-
port for and rehabilitation of patients with respect 
to their unique individual, social, and economic 
need, psychosocial care can be expected to help 
reduce healthcare costs. This effect is reported in 
The Scientific Evidence of Cost-Effectiveness of 
Psychological Interventions in Health Care, pre-
pared by the Portuguese College of Psychologists 
in 2011 [90].

17.6  Standards and Clinical 
Guidelines

To achieve the best clinical outcomes for patients, 
quality cancer care nowadays demands that 
patients’ psychosocial needs be regularly 
assessed and that psychosocial oncology services 
and/or specialists are available to address those 
needs as an integral part of comprehensive cancer 
treatment and care [10, 91–95]. To guide the clin-
ical practice of psychosocial oncology in cancer 
care, some scientific bodies and some countries 
have developed clinical guidelines in this area 
that serve not only to assist the clinician in choos-
ing best practices but also to regulate and stan-
dardize delivery of this care (i.e., contribute to 
quality care standards). A number of standards 
and clinical practice guidelines for the provision 
of psychosocial cancer care have been published 
in the last dozen years, and a number of interna-
tional recommendations have been issued that 
call for (a) the integration of psychosocial care 
into routine cancer practice, (b) implementation 
of regular distress screening, and (c) inclusion of 

psychosocial care as a unique component of can-
cer policy documents [4, 10, 11, 39, 96–98].

The National Comprehensive Cancer Network 
(NCCN) Distress Management guideline, one of 
the first efforts in this area, was originally created 
by the US-based NCCN in 1997 and is updated 
annually. The guideline incorporates use of a 
screening tool for distress, called the Distress 
Thermometer, and a checklist of symptoms and 
problems that may contribute to distress. The 
measure is simple, brief, and easy to administer 
in the clinic, allowing for rapid identification of 
areas of need, and helpful in guiding patients to 
appropriate referral for specialized professionals 
per the guidelines provided by NCCN for distress 
management [39]. This tool has been validated in 
most countries throughout the world that have a 
cancer policy and have psychosocial oncology 
care available for their cancer patients [63, 99, 
100] and is presently being used in a number of 
settings to screen for patients’ distress and psy-
chosocial needs.

Other countries have advanced efforts to pro-
vide cancer care for the whole patient by 
 developing their own clinical guidelines [101], 
embracing the assertion that “Today, it is not pos-
sible to deliver good-quality cancer care without 
using existing approaches, tools, and resources to 
address patients’ psychosocial health needs. All 
patients with cancer and their families should 
expect and receive cancer care that ensures the 
provision of appropriate psychosocial health ser-
vices.” [10]

Despite broad recognition of the importance 
of psychosocial well-being to quality cancer care, 
and notwithstanding the existence of published 
recommendations and clinical guidelines to 
address this domain of care, the psychosocial 
needs of patients with cancer continue to be fre-
quently dismissed or underestimated. Psycho- 
oncology services are not yet offered on a regular 
basis as part of the treatment of cancer patients 
[102, 103], creating a major gap in cancer care 
and the rehabilitation of cancer patients.

A recent report conducted by the European 
Commission Initiative on Breast Cancer 
(ECIBC), which focused on the development of a 
voluntary European quality assurance (QA) 
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scheme for breast cancer, identified an irregular 
landscape regarding the provision of psycho- 
oncological support for women treated for breast 
cancer in the European Breast Units [104]. The 
report noted that the identified gaps in care could 
be overcome by making provision of psycho- 
oncological care a requirement for the accredita-
tion of Breast Units, a goal which the working 
group intends to pursue.

To overcome the many disparities in the treat-
ment and survival of European cancer patients 
across countries, two guides for informing 
European cancer policy were recently produced 
co-financed by the European Commission: (1) 
the European Guide for Quality National Cancer 
Control Programmes (NCCPs), which features a 
chapter on Psychosocial Oncology Care discuss-
ing the necessary program elements for quality 
psycho-oncological care delivery [97], and (2) 
the European Guide for Quality Improvement in 
Comprehensive Cancer Control, which includes 
a chapter on Survivorship and Rehabilitation [98] 
that contains guidance on how to provide and 
implement quality rehabilitation and survivor-
ship care.

Clear in all of this work is that guidelines 
alone do not change behavior. Rather, finding 
ways to systematically incorporate best psycho-
social practices into standard oncology care will 
be needed if we are to truly change outcomes for 
cancer patients at large and for young breast can-
cer patients and survivors specifically. To do this, 
engaging all relevant stakeholders in the effort 
will be key: patients, healthcare providers, 
administrators, healthcare delivery systems, pay-
ors (individual and/or governmental), and 
policymakers.

17.7  Special Issues in Adaptation

Because of the central role they play in the adap-
tation of those diagnosed with cancer, two addi-
tional topics are covered here briefly: the impact 
of cancer on sexual function and the impact of 
cancer on and role of family/partners in survi-
vors’ health and function.

17.7.1  Sexual Functioning

The impact of cancer and its treatment on sexual 
health and function is a concern for all women 
but may take on particular importance for 
younger women for whom sexual role and capac-
ity are often more central to self-esteem than 
among older breast cancer patients and for whom 
planned treatment may involve added threat to 
fertility [6]. Once rarely discussed, cancer’s 
effect on sexual well-being has garnered research 
attention due both to compelling advocacy by 
women for greater attention to these issues and to 
the large number of women for whom treatment 
causes significant problems in this valued area of 
function. A range of changes in women’s sexual 
function after breast cancer has been docu-
mented, including disruption in normative sexual 
processes (e.g., desire, arousal, lubrication, and 
orgasm), along with diminished sexual activity 
and pleasure. Most of these effects are secondary 
to chemotherapy and hormonal therapy, with 
 surgery conferring a more limited impact (e.g., 
alterations in body image, interference with func-
tion due to lymphedema or persistent postopera-
tive pain syndromes, decrease in breast 
sensitivity) [105].

A key barrier to addressing sexual dysfunction 
when it occurs is avoidance of this sensitive topic 
by both provider and patient. In addition to the 
discomfort most people feel when discussing sex, 
practitioners must contend with limited time and 
often lack of privacy to raise these issues, lack of 
awareness that sexual problems are being encoun-
tered, or, when present, knowledge about local 
resources to address them. Currently, this last 
barrier is diminishing as education about effec-
tive therapies for common problems, such as 
vaginal dryness, hot flashes, painful intercourse, 
and loss of desire, is becoming more broadly dis-
seminated. Clinical guidelines for management 
of fertility [106–108], and more recently sexual 
problems broadly [109], are now available. 
Central to the recommendations addressed in 
these documents is that it is the responsibility of 
the clinician to raise this topic and to do so early 
in the course of care so that plans can be made to 
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manage women’s needs and concerns about sex-
ual function during and after cancer.

17.7.2  Cancer and the Family/Partner

Social support and connection are linked not 
only to an individual’s mental health but also to 
his/her morbidity and mortality, a finding seen in 
the general population [110], and also among 
breast cancer survivors [111, 112]. The advocacy 
community has long recognized the importance 
of informal cancer caregivers, largely family 
members, in their loved one’s well-being, includ-
ing these individuals in the definition of survi-
vors [39].

It is well documented that cancer, along with 
being a significant stressor for patients, also pre-
cipitates a crisis for family, increasing members’ 
emotional distress and affecting their physical 
health and well-being [113]. Caregivers, predom-
inantly women and spouses, report significant 
caregiver-related burden, stress, and depression, 
feeling unprepared for caregiver tasks they per-
form, and receiving limited training for their role 
[114, 115]. Caregivers often balance other life 
responsibilities (e.g., work, caring for children or 
other adults) [116, 117], often have their own 
health issues, and frequently neglect aspects of 
self-care [114, 115, 118]. Studies show their psy-
chosocial well-being may be interdependent on 
that of their care recipient such that when one 
member of the dyad does poorly so does the other 
[119]. By consequence, interventions that 
improve the well-being of one can positively 
influence the function of the other [119].

Because family is important for patient well- 
being, both in practical terms (e.g., transportation 
to clinic, management of daily living arrange-
ments, overseeing medications, providing food, 
funds, and other resources) and psycho- emotional 
(e.g., providing love, reassurance, support, nur-
turing, meaning), engaging and supporting fam-
ily in the process of care and allocating specific 
additional psychosocial resources for them 
should be part of comprehensive care. It has been 
reported that, in the case of the patient’s death, a 
family that has had no psychosocial support 

throughout the patient’s disease trajectory has an 
increased risk of traumatic or complicated grief 
[120]. Fortunately, work is progressing on inter-
ventions designed to promote couples’ adapta-
tion [121]. Attending to the concerns of both 
parties regarding threats to good communication 
and relationship maintenance may be particularly 
helpful [122].

17.7.3  Cancer and the Family/
Children

When young children are involved, a family’s 
adaptation can be challenging. In one US report, 
it was estimated that 24% of adults with cancer 
are parenting children younger than 18 [123]. 
Children and teens whose parents are diagnosed 
with cancer are more likely to experience 
increased levels of anxiety and distress. Problems 
with self-esteem may also occur [124–126]. 
Manifestations of distress may be reflected in 
physical symptoms (e.g., pain, discomfort), 
changes in mood and school performance, as 
well as altered social and interpersonal relation-
ships [127]. Children’s emotional and behavioral 
reactions can be diverse and also fluctuate over 
time. Developmental differences in how children 
cope with a parent’s illness can also be seen. 
Preschool children are most affected by changes 
in their routine, especially variations in who is 
caring for them; they are more likely to experi-
ence separation anxiety, depression, and attach-
ment problems. School age and adolescents are at 
risk for feelings of hopelessness. They are also 
vulnerable to anger about the diagnosis and its 
associated impact on emotional isolation, or 
potentially guilt and feelings of being responsible 
for the parent’s illness [127]. Teens are often 
expected to assume increased personal responsi-
bilities while one parent spends more time caring 
for the ill parent, leading to less free time during 
a period when being with peers is critical for 
social development [125, 128]. The diagnosis of 
breast cancer in the mother may be particularly 
difficult for adolescent girls who may focus on 
the long-term implications of the illness and 
worry if a similar fate awaits them [129, 130]. 
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It is important to note that parents often under-
report or fail to recognize the intensity of their 
child/children’s distress when compared to 
children’s own self-report. It is also the case 
that each parent may perceive different chal-
lenges in parenting during this journey and use 
different coping strategies and resources to 
manage them [131].

In addition to a widening set of published and 
online cancer-related resources [132–134], a 
variety of interventions for parents, children, or 
both have proven beneficial to family function. 
Which interventions are expected to be most ben-
eficial for whom and when remains unclear [135]. 
Generally, providing support early in these situa-
tions works best. However, those designing pro-
gram delivery need to take into account that the 
time around diagnosis is often overwhelming for 
all members of a family and hence not always the 
ideal moment to introduce more complex issues 
to consider and tasks to assume [124]. Overall, 
the literature suggests that key to helping chil-
dren cope with a parent’s illness is open and 
direct communication. Taking time to think about 
when and how to have important conversations, 
what to say, and the choice of words to use is 
important. In addition to using age-appropriate 
language, children may need help in communi-
cating with parents, other family members, and 
healthcare professionals. Further, assuring that 
there is an environment where they feel comfort-
able sharing positive/negative emotions and can 
have their experiences normalized among peers 
is also important [135]. For young children, 
keeping the family routine as close to normal as 
possible is recommended [136]. Monitoring 
school performance and talking with teachers 
about what is going on at home can help support 
school-age children’s coping and also set in place 
a way to ensure that if problems occur, the family 
can intervene early as needed. Ensuring that ado-
lescents have time for themselves also promotes 
healthy adaptation. If the cancer is advanced, 
many families have found that having the ill par-
ent write letters to their children that they can 
keep as manifestations of their mother’s love and 
concern for them can have a profoundly comfort-
ing effect. These serve as tangible legacies, help-

ing children as they mature in the absence of a 
parent [137]. When problems persist, consider-
ation should be given to seeking counseling with 
someone knowledgeable with both cancer and 
child development. Finding and participating in 
support groups of other parents, as well as identi-
fying groups for children dealing with parental 
illness, can be an additional way to foster effec-
tive problem solving and reduce isolation among 
both parents and affected children [124, 135].

17.8  Conclusion

In summary, although differences exist concern-
ing the exact percentage of young breast cancer 
patients/survivors who experience psychological 
morbidity (generally the result of variations in 
the measures used to study this effect, cancer 
populations screened, and timing of the assess-
ments performed), findings point to a consistent 
subset of individuals whose levels of psychologi-
cal distress and morbidity, and range of 
 psychosocial needs, require specialized attention 
and care. The number of individuals affected, 
often ranging from a quarter to a third or more of 
samples evaluated, is important for understand-
ing the relevance of psychosocial care in cancer 
and the critical need to make delivery of psycho-
social services a part of high-quality cancer care. 
What the woman brings to her experience with 
respect to her strengths and vulnerabilities, the 
medical and treatment realities she faces, and the 
social environment, both personal and medical, 
in which she is cared for all contribute to her 
immediate and long-term adaptation. Further, her 
needs and capacity for adaptation will vary over 
time, depending on where she is in the trajectory 
of care and recovery.

Clear from this review is that to minimize can-
cer’s adverse effects, women’s psychosocial 
needs must be assessed at diagnosis and across 
the course of care, and referral to evidence-based 
programs of supportive care or interventions 
made as needed. These interventions may be par-
ticularly critical for the young breast cancer 
patient already at higher risk for problems cop-
ing. Attention to asking about sexual function is 
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an important aspect of this care, as is attending to 
the needs of the partner or family caregivers in 
their efforts to support the woman living with, 
through and beyond a breast cancer diagnosis.

Enormous progress has been made interna-
tionally in the development and promulgation of 
guidelines for the incorporation of psychosocial 
care as part of high-quality, comprehensive can-
cer care. It is critical to recognize, however, that 
these are insufficient to ensure psychosocial 
needs will be met in the absence of a collective 
will and, importantly, the resources to do so. 
Looking to the future, it may be necessary for 
individuals in diverse practice settings to be iden-
tified as responsible for the coordination and 
oversight of the psychosocial component of care 
and to work collaboratively with key stakehold-
ers to ensure that published standards for care are 
met. Also national and international regulatory 
bodies, such as the accreditation of Breast Units, 
should make it mandatory that psycho-oncology 
specialized professionals are available to provide 
psychosocial care for patients, partners, and chil-
dren. Ensuring cancer care for the whole patient 
will optimize clinical outcomes for patients and 
families and be of important societal value.
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