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Abstract: Breast cancer is still a lethal disease and the leading cause of death in women, undermining
patients’ survival and quality of life. Modern techniques of surgery and radiotherapy allow for
the obtaining of good results in terms of survival, however they cause long-term side effects that
persist over time, such as lymphedema and neuropathy. Similarly, the advent of new therapies
such as endocrine therapy revolutionized breast cancer outcomes, but side effects are still present
even in years of follow-up after cure. Besides the side effects of medical and surgical therapy, breast
cancer is a real disruption in patients’ lives considering quality of life-related aspects such as the
distortion of body image, the psychological consequences of the diagnosis, and the impact on family
dynamics. Therefore, the doctor-patient relationship is central to providing the best support both
during treatment and afterwards. The aim of this review is to summarize the consequences of medical
and surgical treatment on breast cancer patients and to emphasize the importance of early prevention
of side effects to improve patients’ quality of life.

Keywords: breast cancer; breast cancer survivors; quality of life; side effects; toxicity; psychologi-
cal impact

1. Introduction

Breast cancer (BC) is the most common tumor and the leading cause of death in
women [1]. In 2020, 2.3 million women had a diagnosis of breast cancer, and this accounted
for 685,000 of deaths worldwide [1]. BC has emerged as the most prevalent cancer since
the end of 2020: in fact, 7.8 million women received a diagnosis in the past 5 years [1].
Incidence rates are lower in regions of Africa and Central Asia; while they are elevated in
Australia, Europe and North America. Notably, despite their high incidence rates, some
European, North American and Australian countries have among the lowest mortality
rates [2]. The BC incidence variations across countries can be related with differences in
the distribution of risk factors (e.g., reproductive factors or obesity) and with the degree of
development of screening programs [2]. The urvival of BC patients changes according to
stage, molecular subtype and histology of the disease: in Europe, women with early BC
have a 5-years survival rate of 96% compared with 38% with metastatic BC at diagnosis [3].
In developed countries, the life-expectation of patients with BC has improved in the last
years and this is due to the implementation of screening programs, leading to earlier
diagnosis, to the improvements in tumor molecular characterization, and innovative and
tailored treatments [4].
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Nevertheless, the increased number of BC survivors has uncovered new problems
related to BC treatments which have a significant impact on women’s physical, psychosocial
and emotional health [5]. In fact, BC survivors usually deal with a wide range of symptoms
related to surgery, chemotherapy (CT), radiotherapy (RT) or other adjuvant treatments.
The management of these conditions represents a currently debated issue that requires
improvements and that aims to define the best follow-up time schedule, the prevention
of the early onset of treatment-related side effects, but also the management of long-term
toxicities with the relative psychological consequences.

The aim of this review is to focus the attention on the main side effects of BC treatments
and their psychological and physical impact on patients and to identify some possible solutions.

2. Side Effects of Local Treatments
2.1. Surgery
2.1.1. Breast Surgery

Surgery has been known as the procedure of choice for BC management since 1700.
Currently, breast-conserving surgery or mastectomy are performed in selected cases with
specific clinical criteria [6].

From a technical point of view, breast reconstruction can include either autologous
flaps or implants. Instead, women preferring no reconstruction often choose a prothesis [5].
The best outcomes are found with autologous flaps from the abdomen or gluteus [7], while
protheses often cause social discomfort and pain [8].

However, either mastectomy or breast-conserving surgery could have several long-
term effects. It is often reported that, after mastectomy, women report shoulder discomfort,
and even “rotator cuff disease” can occur due to the changes apported by surgery on the
joints [5,9].

Furthermore, up to 80% of women are diagnosed with “phantom breast pain” after
mastectomy, which is defined as a complex of symptoms such as itch and pain in the
amputated breast [10]. Risk factors for the “phantom breast syndrome” are severe acute
post-operative pain, increased analgesic use, and history of neuropathic pain disorders
and immediate breast reconstruction after surgery [5]. The treatment of this syndrome
includes oral medications such as antidepressants, anticonvulsants, opioids, cannabinoids,
and topical anesthetics, while other neuromodulation techniques (i.e., motor cortex and
spinal cord stimulation) are under study [10].

Regarding the consequences to the surrounding issues, breast surgery apports damage
to blood vessels, nerves and lymph-vessels, causing fibrosis and gait disorders, especially
after unilateral mastectomy [9], but also lymphedema of the upper limb [11]. The most
common problems with shoulder movements are related to internal rotation and extension:
following a strict exercise program compared to usual care drastically improved the upper
limb function in patients at risk of arm disability after surgery [12].

2.1.2. Lymphedema

Lymphedema is a chronic and progressive condition characterized by the accumulation
of fluid in the interstitial tissues of the arm, shoulder and neck [13].

Of course, the most important risk factor is axillary lymph node dissection (ALND) [13],
which leads to a four times higher risk of lymphedema [14]; therefore, the currently used
sentinel lymph node biopsy has decreased its incidence [15]. By the way, lymphedema can
also occur as a long-term effect: in fact, it can appear even 2–5 years after surgery [14]. It
affects 10% of women diagnosed with breast cancer, causing symptoms such as homolateral
arm pain and numbness [14].

Other risk factors related to lymphedema development are the number of lymph
nodes dissected, mastectomy, and adjuvant therapies [16]. Lymphedema has a huge impact
on the quality of life of survivors [16]: it is associated with pain and reduced strength
related to the feeling of heaviness; this translates into limitation of movements and reduced
physical activity [16,17]. Overweight also contributes to the onset of lymphedema: women
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with a body mass index (BMI) > 25 had a higher risk of developing lymphedema than those
with BMI < 25 [18].

Of note, the presence of lymphedema needs the right treatment and an accurate
follow-up to prevent the possible negative impact on the life of BC survivors [19]. The
treatments of lymphedema are usually non-surgical, such as early physiotherapy and
lymphatic drainage with garments or manual drainage techniques, or, rarely, surgical
approaches (i.e., microsurgical lymphatic surgery or suction lipectomy) [20].

Figure 1 summarizes the most important effects of surgery.

J. Clin. Med. 2022, 11, x FOR PEER REVIEW 3 of 18 
 

 

used sentinel lymph node biopsy has decreased its incidence [15]. By the way, 
lymphedema can also occur as a long-term effect: in fact, it can appear even 2–5 years after 
surgery [14]. It affects 10% of women diagnosed with breast cancer, causing symptoms 
such as homolateral arm pain and numbness [14]. 

Other risk factors related to lymphedema development are the number of lymph 
nodes dissected, mastectomy, and adjuvant therapies [16]. Lymphedema has a huge 
impact on the quality of life of survivors [16]: it is associated with pain and reduced 
strength related to the feeling of heaviness; this translates into limitation of movements 
and reduced physical activity [16,17]. Overweight also contributes to the onset of 
lymphedema: women with a body mass index (BMI) > 25 had a higher risk of developing 
lymphedema than those with BMI < 25 [18]. 

Of note, the presence of lymphedema needs the right treatment and an accurate 
follow-up to prevent the possible negative impact on the life of BC survivors [19]. The 
treatments of lymphedema are usually non-surgical, such as early physiotherapy and 
lymphatic drainage with garments or manual drainage techniques, or, rarely, surgical 
approaches (i.e., microsurgical lymphatic surgery or suction lipectomy) [20]. 

Figure 1 summarizes the most important effects of surgery. 

 
Figure 1. most important side effects of surgery and timing of onset. 

2.2. Radiotherapy 
Postoperative RT is strongly recommended after BC conserving surgery [21]: whole-

breast RT (WBRT) alone reduces by 15% the 10-year risk of any first recurrence (including 
locoregional and distant) and by 4% the 15-year risk of BC-related mortality [22]. 
Nevertheless, it is associated with several side effects that can persist over time. 

One of the most important consequences of breast RT is the lung damage which can 
lead to early effects such as pneumonitis onset or later effects such as lung fibrosis [23]. 
The risk of lung damage is related to the various techniques of RT and to the site and 
dosage of irradiation: the risk is higher with the irradiation of the mammary chain [24], 
but a less than 20 Gy dosage is unlikely to affect the lungs [25]. However, in the last 
decades, new RT techniques has been invented, such as non-coplanar volumetric 
modulated arc therapy, which seems to reduce lung damage [26]. 

Another consequence due to RT could be the affection of the functionality of arms 
with an increased incidence of lymphedema, neuropathy and altered shoulder mobility 
with pain and reduced movement such as flexion and abduction [27]. They are caused by 
RT-induced fibrosis and vascular damage: in a self-reported morbidity trial, 90% of 
patients reported these symptoms after treatment [28]. In particular, “brachial plexus 

Figure 1. Most important side effects of surgery and timing of onset.

2.2. Radiotherapy

Postoperative RT is strongly recommended after BC conserving surgery [21]: whole-
breast RT (WBRT) alone reduces by 15% the 10-year risk of any first recurrence (including
locoregional and distant) and by 4% the 15-year risk of BC-related mortality [22]. Neverthe-
less, it is associated with several side effects that can persist over time.

One of the most important consequences of breast RT is the lung damage which can
lead to early effects such as pneumonitis onset or later effects such as lung fibrosis [23]. The
risk of lung damage is related to the various techniques of RT and to the site and dosage of
irradiation: the risk is higher with the irradiation of the mammary chain [24], but a less
than 20 Gy dosage is unlikely to affect the lungs [25]. However, in the last decades, new
RT techniques has been invented, such as non-coplanar volumetric modulated arc therapy,
which seems to reduce lung damage [26].

Another consequence due to RT could be the affection of the functionality of arms
with an increased incidence of lymphedema, neuropathy and altered shoulder mobility
with pain and reduced movement such as flexion and abduction [27]. They are caused by
RT-induced fibrosis and vascular damage: in a self-reported morbidity trial, 90% of patients
reported these symptoms after treatment [28]. In particular, “brachial plexus neuropathy”
is a syndrome caused by the damage of nerves, accompanied by motorial and sensitive
symptoms including hypoesthesia, hypoalgesia and muscular atrophy: fibrosis induced by
RT, in fact, can involve the plexus, with potentiallyirreversible damage [29].

Another organ which could suffer from RT is the heart. Indeed, late cardiac toxicities
caused by (particularly left-sided) WBRT are now recognized as rare but relevant seque-
lae [30]. A population-based case-control study revealed that the relative risk of major
coronary events increased linearly with the mean heart dose by 7.4% per Gy [31]. With
regard to mean heart dose, WBRT treatment planning should also include constraints for
cardiac sub-volumes. The individual decision between sufficient protection of cardiac
structures versus optimal target volume coverage remains in the physician’s hands. The
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breast cancer-specific mortality and patients’ cardiac risk factors must be individually
weighed against the risk of radiation-induced cardiotoxicity [30].

Radiation-induced angiosarcoma (RIAS) is a rare consequence of breast radiation: the
incidence of RIAS in women treated with breast-conserving surgery and adjuvant RT can
vary from 0.14% to about 0.5% and it affects older women (mean age 71 years old) [32].
The oncogenic effect of ionizing radiation and the cellular repairing stimulation after tissue
damage are associated with RIAS development; the latency of breast RIAS is shortened
when compared with other radiation-induced sarcomas and it may develop early (at about
6 months), but also after 40 years after RT (median latency of 6 years) [32].

The awareness of long-time side-effects of RT is fundamental and should be part of
the treatment of BC patients to preserve and prevent the quality of life of BC survivors. For
this reason, some clinical trials (Table 1) are evaluating the impact of omission/reduction
of RT in patients with low-risk BC.

Table 1. Ongoing trial evaluating the impact of omission/reduction of RT for BC patients.

Trial Name Main Inclusion Criteria Profiling Risk Study Design Ref.

PRECISION trial
(NCT02653755)

50–75 years old
Conserving-surgery for pT1 N0
ER+ (≥10%) or PR+, HER2- and
G1/2

PAM50 transcriptional
profile used for risk
stratification.

Non randomized phase
II trial [33]

NCT03646955
Age ≥ 60 years
Conserving-surgery for pT1 N0
ER ≥10% HER2- non-lobular G1/2

Clinical risk
stratification

Randomized phase III
trial [34]

NCT05371860

Age ≥ 40 years
HER2 positive early BC
cT1-3, N0, M0 before NACT and
targeted HER2 therapy
Documented pCR after NACT

Clinical risk
stratification Non randomized trial [35]

DESCARTES trial
(NCT05416164)

Age ≥ 18 years
ER positive/HER2 negative, HER2+
(ER/PR +/−) or TNBC
cT1-2, N0, M0 before NACT
Documented pCR after NACT

Clinical risk
stratification Non randomized trial [36]

NCT04517266

Age ≥ 18 years
high risk BC (≥2 clinical risk factors)
p T > 1, N1
Radical or conserving surgery and
ALND

Clinical risk
stratification to omit
the irradiation of
internal mammary
nodes

Randomized trial [37]

Abbreviations: ER: estrogen receptor, PR: progesterone receptor, HER2: epidermal growth receptor 2; G1/2: grade
1 or 2; PAM50: prediction analyses of microarray 50; NACT: neo-adjuvant chemotherapy, pCR: pathological
complete response; TNBC: triple negative breast cancer; ALND: axillary lymph node dissection.

2.3. The Coexistence with the New Body Image

Surgery, lymphadenectomy and RT have a less considered but really important emo-
tional impact due to the coexistence with the changes of external features of the body
mainly due to the local treatments; this represents one of the most important issues related
to surviving BC patients.

Regarding surgery, the rate of mastectomy is currently increasing, although 90% of
women with an early stage BC could undergo breast-conserving therapy (surgery and
RT) [38]. This trend is particularly pronounced in young women and could be related to
patients’ worries about breast symmetry, fear of recurrence, and long-term sequelae of
breast-conserving therapy. In fact, many women prefer to receive extensive surgery with
its higher risks rather than breast-conservative therapy in order to preserve their self-image
and feel more at ease in the future [38].
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In addition, upper limb lymphedema and the breast aspect after RT can affect body-
image, causing a reduction in self-confidence and distress related to negative feelings [39].

The concept of body image is a complex post-treatment issue for BC survivors and the
data on it in the literature are limited by the high variability of methods used to “measure”
the effect of body image on patients [40].

A study found that in a sample of 1956 women with a diagnosis of BC, 38% reported
lost self-confidence and 44% felt uncomfortable with their body [41]. It has been highlighted
how the negative impact of BC on self-confidence persists over time, despite further surgery
or reconstruction [42]. More attention to these issues is required to address the psychological
health of the patients.

3. Side Effects of Systemic Treatments

Neoadjuvant and adjuvant CT regimens have an extensive range of toxicity that varies
with respect to the agents, frequency, and administration route. They include early effects
related to the half-life and mechanisms of action of drugs, but also long-term effects [43].

3.1. Chemotherapy-Induced Neuropathy

Chemotherapy-induced peripheral neuropathy (CIPN) is a detrimental effect reported
with platinum-based regimens (e.g., carboplatin, cisplatin and oxaliplatin), taxanes (e.g.,
paclitaxel and docetaxel) and vinca alkaloids (e.g., vinblastine) [44]. It is manifested by
progressive and often irreversible damage during the administration of antineoplastic
drugs [44].

Microtubules are fundamental to the myelination of nervous fibers and are essential
constituents of oligodendrocytes [45]. Taxanes and vinca alkaloids target microtubules
blocking polymerization during the mitotic phase of the cell cycle [46]. Their effect on
microtubules damages the small fiber sensory axons and leads to predominantly distal
sensory neuropathy, which is characterized by pain, numbness, tingling, and reduced func-
tional capacity in the extremities [46]. These drugs are milestones of BC treatment in both
early and advanced settings, resulting in a high percentage of women suffering from CIPN
at any grade up to 80%, with consequent high percentage of treatment discontinuation [29].

CIPN can also include cognitive impairment, also known as ‘chemofog’ or ‘chemo-
brain’, with a disfunction in working memory and processing speed [47]. As a demonstra-
tion, a cross-sectional study found alterations in memory and motorial functions in the
13–70% of a subgroup of BC survivors [48]. Furthermore, in another study conducted by
Cavaletti et al., neurotoxicity among patients after taxane-based adjuvant CT was evaluated
at different time points and persistent neurological discomfort up to 2 years after the end of
therapy was reported [49]. Similarly, Ahles et al. found lower scores regarding psychomo-
tor functioning in BC survivors treated with CT 5 years previously [50]. In addition, some
researches correlate CIPN with distress and poor sleep quality, causing a worse quality
of life in cancer survivors [51]. Up to 40% of cancer survivors reported sleep problems:
in particular, BC survivors report poor sleep quality associated with symptoms such as
anxiety, neuropathic pain and sensory neuropathy [52].

Although neurotoxicity is a well-known long-term effect and many trials have been
made to try to find a prevention or a therapy for CIPN, there is no a well-established
treatment. Only duloxetine, a selective serotonin reuptake inhibitor, is recommended for
the treatment of neuropathic pain [53].

3.2. Cardiotoxicity

Treatment of BC consists of a range of different drugs that could affect cardiac function.

3.2.1. Effects of Chemotherapy and Hormonal Treatments on the Cardiovascular System

Anthracyclines are a mainstay of BC therapy, in particular in the neoadjuvant and
adjuvant setting, with strong evidence with regard to survival [54]. However, they exert a
cytostatic effect resulting in myocardial damage through the generation of reactive oxygen
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species (treatment-related type I cardiac damage) [55]. Side effects of anthracyclines include
arrhythmias, pericarditis, myocarditis and late-onset chronic heart failure (CHF) [56].
Cardiac damage is dose-dependent: after a cumulative dose of 400 mg/m2, the risk of CHF
could be up to 5.1% [57].

The preventive strategies to avoid the development of Anthracyclines-related damage
is the identification of higher risk patients, the promotion of health behaviours, including
weight control, smoking cessation and regular aerobic exercise. The monitoring of cardiac
function during treatment is required to identify possible early signs of damage [58].
Furthermore, taxanes present a dose-dependent cardiovascular risk: paclitaxel is related to
a risk of bradycardia in 30% of patients. In addition, taxanes can enhance anthracyclines
toxicity at high doses [59]. Because of the morbidity related with anthracyclines-related
cardiotoxicity, different trial and evidence from real-world studies demonstrated the impact
their omission, in particular in early HER2+ BC patients who underwent neo-/adjuvant
CT [60–62].

Hormonal agents affect the cardiovascular system: the effects of aromatase inhibitors
(AIs) on lipid levels and metabolism are variable, and in part unknown [63]. Tamoxifen
reduces cholesterol and homocysteine, increasing triglycerides serum levels, a known risk
factor for venous thromboembolic disease [64]. In fact, the incidence of thromboembolic
events is higher in patients treated with tamoxifen rather than placebo [65].

AIs treatment has a significantly fewer thromboembolic effect and a similar incidence
of ischemic cardiovascular events compared with tamoxifen [63]. Extended endocrine
therapy with AIs more than 5 years significantly increased the risk of cardiotoxicity, while
the risk of hypertension and hypercholesterolemia remained stable [66].

3.2.2. Effects of Target Therapy on Cardiovascular System

Target therapy agents are predominantly associated with arterial hypertension, cardiac
arrhythmias, and ventricular dysfunction; these adverse events are usually reversible, not
related to cumulative dose, and not associated with cardiomyocytes’ structural alterations
(treatment-related type II cardiac damage) [55].

Anti-HER2 antibodies are humanized antibodies binding the extracellular domain of
the human epidermal growth factor receptor 2 (HER2): they are used in BC with HER2
amplification/overexpression. HER2 is also expressed in the fetal myocardium and this
correlates to the left ventricular disfunction (LVD) that is reported in 2% to 4.7% of cases
with monotherapy administration [67].

The first antibody used in the treatment of patients with HER2 positive BC was
trastuzumab. Trastuzumab can cause LFD of any degree in 3–7% of patients when admin-
istered as a single agent, and in 13% of patients when administered in combination with
other cardiotoxic drugs [68,69].

Pertuzumab is a recombinant humanized monoclonal antibody that blocks the HER2
signaling synergically with trastuzumab in early and advanced stages of BC. In a systematic
review of phase 2 and 3 randomized controlled trials testing the addiction of pertuzumab
in different settings to standard therapies in patients with HER2-positive BC, pertuzumab
was associated with no detectable effect on asymptomatic/minimally symptomatic LVD,
but the risk of heart failure increases by approximately two-fold [70].

The CAROLE study evaluated the impact of cardiovascular disease in BC survivors
previously treated with anthracycline-taxane, 5-fluorouracil, trastuzumab, pertuzumab
and RT; the trial showed a high incidence of cardiovascular disease (77.6% and 51.5% in a
preclinical and clinical phase respectively) and these percentages also remained higher in
patients treated more than 10 years previously [71].

T-DM1 is an antibody-drug conjugate used in the metastatic setting after a treatment
with pertuzumab and trastuzumab, but also in the adjuvant setting in patients with residual
disease after neoadjuvant treatment with anti-HER2 double block [72]. The incidence
of LVD was lower in patients treated with T-DM1 (0.8%) compared with those treated
with trastuzumab plus a taxane (5.3%) [73]. The warning for cardiotoxicity is important
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because of prior treatment including both trastuzumab and a taxane in every setting [74].
Tyrosine-kinases inhibitors used in patients with HER2+ BC showed a minimal risk of
cardiotoxicity [74]; in particular, Neratinib, approved in the adjuvant setting following
trastuzumab-based therapy [75], does not carry a warning for cardiotoxicity [74].

The introduction of immune checkpoint inhibitors (ICIs) in the neoadjuvant setting for
triple negative BC requests to improve the management of cardiovascular toxicity in BC pa-
tients [76]: cardiotoxicity is a very rare adverse event of ICIs, affecting up to 1% of patients,
and myocarditis is the most common presentation, followed by pericarditis, vasculitis and
arrythmias; the onset of cardiotoxicity is usually acute and it is not related to the duration
of exposure to ICIs [77]. Despite the low percentage of myocarditis in the Keynote-522
trial (0.4% of myocarditis at any grade according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 4.0) [76], the supervision of new signs
and symptoms related with ICIs-related cardiotoxicity is mandatory [77].

3.3. Long Term Effects of Endocrine Therapy

Because of their hormonal activity, estrogen deprivation results in a wide range of
symptoms. The most frequently reported are osteoporosis and bone fractures: estrogen
reduction, in fact, is associated with enhanced osteoclast activity [78]. The extension
of endocrine therapy by 5 years provided no benefits in terms of disease free survival
over a 2-year extension; on the other hand, it was associated with a greater risk of bone
fractures [79].

Moreover, patients treated with endocrine therapy experience side effects such as
genital atrophy and dizziness, weight gain, hot flashes, fatigue and musculoskeletal im-
pairment [80].

The wide range of side effects enduring over time can cause not only a poor quality of
life but also less adherence to therapy [81]. In a recent study, it has been shown that 22% of
women assuming endocrine therapy discontinued it, 20% of them had a recurrence of dis-
ease, and only 11% of them completed treatment [82]. The major causes of discontinuation
are associated with physical but also social well-being, and it can persist after 2 years of
therapy [83].

Patients treated with AIs who reported hot flashes had a 14.2% higher 5-year dis-
continuation rate and a consequent shorter disease-free survival (DFS) [84]. Endocrine
therapy-related hot flashes predict the higher incidence of discontinuation with but with
better prognosis [84]. The use of systemic hormone replacement therapy (HRT) to mitigate
symptoms related with endocrine therapy is associated with an increased risk of recurrence
in patients with estrogen receptor-positive BC [85].

4. Sexual Disfunction after BC
4.1. Sex Life after BC

The diagnosis of BC has a significant impact not only on the bodies of patients but
also with regard to psychological and personal concerns. Changes to the body related
to the disease can contribute to a decline in self-confidence and irrational beliefs about
oneself and one’s body image [86]. As a consequence, decreases in sexual frequency and
satisfaction were attributed only in part to dizziness and pain during the sexual act, but also
to psychological distress and changed body image [41]. The prevalence of sexual disorders
is higher in BC patients than in healthy women, with percentages up to 93% [87–89].

The impact of psychological distress is also enhanced by endocrine therapy in the
adjuvant setting: tamoxifen and AIs, in fact, can interfere with sexual performance in terms
of both erotic arousal and genital changes [90]. Vulvovaginal health, directly linked to
sexual health, is a key factor for female pleasure. During endocrine deprivation therapy,
BC survivors are likely to present genitourinary syndrome of menopause (GSM) and
sexual complaints [91]. Superficial dyspareunia is the most common symptom related with
hypoestrogenism and is generally the consequence of atrophic vulvar/vaginal tissues; other
symptoms are recurrent urinary tract infections, burning, discomfort, and dryness [91].
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Depression and anxiety about cancer recurrence has a significant impact on sexual
performance; patients can request pharmacological interventions that include drugs which
act on libidinal decrease and dyspareunia, feeding the vicious cycle of sexual problemat-
ics [92,93].

Traditional solutions such as lubricants, moisturizers, and low-dose vaginal estrogen
can be useful to reduce GSM symptomatology [91]. Innovative options, such as vaginal
laser therapy [94] and sexual therapy are emerging as optionsto treat GSM and the sexual
dysfunctions of patients [91,92].

4.2. Pregnancy after Breast Cancer

Due to the increasing age at first pregnancy; the number of patients with BC before
the completion of the reproductive cycle is increasing [95]. In a meta-analysis evaluating
112,840 patients with breast cancer, only 6.5% of them became pregnant after diagnosis: BC
survivors had a 60% reduced likelihood of having a subsequent pregnancy compared with
the general population [95].

Surveys on contraceptive methods and fertility outcomes of young BC survivors and
the reports about the higher use of emergency contraception compared to the general
population [96] highlight the need to provide long-term contraceptive advice to women
who do not wish to be pregnant [97]. An analysis from the CANTO study supports the need
to raise awareness and improve the gynecological counseling for contraceptive methods in
BC patients both at diagnosis and during the follow-up [98]. In addition, the CANTO trial
highlights how the gynecological consultation is associated with greater contraceptive use
but also with an improvement of fertility preservation strategies [98].

Several studies have investigated the impact of pregnancy after BC; there are no
reported differences in oncological outcomes between BC patients with and without preg-
nancy [99]. In the same way, no differences in terms of DFS were observed between patients
who became pregnant 2 years before or after BC diagnosis [100].

In patients with a germline BRCA mutation, pregnancy after BC is safe without
worsening maternal oncological prognosis or fetal problems [101]. Despite the controversial
role of ovarian suppression with gonadotropin-releasing hormone agonists, its efficacy and
safety during chemotherapy seem to be an available option to reduce premature ovarian
insufficiency and increase the likelihood of fertility in young BC patients [102].

No differences in reproductive outcomes, such as risk of congenital abnormalities,
were observed [95]. Women treated for BC are more at risk of obstetrical issues; the
incidence of low birth weight, fetal disorders, preterm birth and low size of the baby for
gestational age is higher in women who underwent treatment for BC [103,104].

Many young patients of reproductive age have not experienced maternity at the time
of diagnosis, making treatment-associated infertility one of the most significant problems.
This evidence enounces the necessity of oncofertility counseling in our patients during
reproductive age before the start of any gonadotoxic therapies [105].

Oncofertility counselling requires a multi-specialist approach with the involvement
of oncologists, surgeons, endocrinologists, gynecologists, psychologists and reproductive
medicine specialists, and should be customized based on patient and disease/treatment-
related factors [105]. Nevertheless, a low percentage (9–14%) of patients received adequate
information about their reproductive potential [106–108]. It is important to define and
implement a standardized reproductive counseling protocol and to propose and encourage
counseling even when patients do not desire/cannot yet have a pregnancy, to have a
tailored and long-term evaluation about the potential risk of fertility reduction after BC
treatment [109].

Available strategies for ovarian function include controlled ovarian stimulation (COS) and
the cryopreservation of oocytes and ovarian tissue and the administration of gonadotropin-
releasing hormone agonists (GnRHa) during cytotoxic therapy [108]: Table 2 summarizes the
most important fertility preservation techniques used for BC patients. COS protocols are safe
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for the outcome of BC [110] and different trials are evaluating the impact of random-start
ovarian stimulation to reduce the time needed prior to the oncological treatment [111].

Table 2. Fertility preservation options for BC patients prior to and during anticancer treatment.

Technique Procedure Risk Related with Procedure Ref.

COS and cryopreservation of
oocyte

Ovarian stimulation with estrogen, oocyte
pick up and egg banking.

Exposition to estrogen during
the induction [112]

Required approximately 2–4 weeks prior to
starting any cancer treatment

Ovarian hyperstimulation
syndrome [113]

COS and cryopreservation of
embryos

Ovarian stimulation with estrogen, oocyte
pick up, in vitro fertilization (requests a

sperm donor) and embryo banking.

Exposition to estrogen during
the induction [112]

Required approximately 2–4 weeks prior to
starting any cancer treatment

Ovarian hyperstimulation
syndrome [113]

Ovarian tissue
cryopreservation

Ovarian tissue surgically removed,
cryopreserved and reimplanted after

cancer treatment

Performed only in selected
centers [112]

No daley in starting cancer treatment Requires surgery [113]

GnRHa administration Hormonal treatment administrated during
the full duration of anticancer treatment

Controvertial and debated
role [114]

Abbreviations: COS: controlled ovarian stimulation; GnRHa: gonadotropin-releasing hormone agonists.

Despite the known evidence about the protective role of breastfeeding the prevention
of BC, the literature about the management of lactation after BC is limited [115].

Milk volume can be reduced in patients with a BC diagnosis, not only after mastectomy
but also with conservative surgery: milk production, in fact, can be reduced because of
the sequelae of surgery, such as ductal obstructions or nipple trauma, but also because of
adjuvant treatments [115]. In addition, irradiation of the breast causes histological changes
such as atypia, fibrosis and vascular abnormalities in the breast that can compromise milk
production [116].

On the other hand, some adjuvant treatments are contraindicated during breastfeeding:
the use of AIs is forbidden because they pass into the milk and can inhibit the production
of estrogens in the infant. Instead, the bioavailability of tamoxifen in the milk is not
known [115].

5. Unmet Clinical Needs
5.1. Body Weight Control and Lifestyle Intervention

The nutritional intervention in patients with BC has significant clinical relevance in
every phase of the disease. During chemotherapy, it helps to have an adequate intake of
energy reducing toxicity, but also during the follow up, habit changes, including diet and
exercise, help to guarantee a healthy lifestyle and to control BC comorbidities [117].

Basal body weight has emerged as an important prognostic factor in patients with
BC: obese patients, in fact, had a worse prognosis and a significantly increased risk of
recurrence [118]; in patients with luminal BC this influence is bigger [119].

Endocrine adjuvant therapy, in fact, can modify the body composition. AIs reduce
aromatases inducing insulin resistance and, as a consequence, patients treated with AIs
had a greater rate of body fat and insulin resistance [120].

The LEAN study is a randomized trial investigating the role of physical intervention
on BC survivors. Patients randomized in the intervention group had to reduce the intake
of fat and to increase fruit and fiber. Patients who had lost ≥5% of body weight had a
better healthy eating index score [121]. The benefits of improvement of lifestyle are also
associated with physical activity; aerobic exercise improved quality of life and fitness in BC
survivors [122].
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In a prospective analysis, fruit and vegetable consumption was investigated among
women diagnosed with BC, and it was found that vegetable consumption in particular was
correlated to better survival, although not breast-cancer specific survival [123].

On the other hand, nutrition science usually shows imprecise results due to the
difficulties of clinical trials in this field. For this reason, the suggestion of a “healthy” dietary
pattern without specific foodstuffs or components, and the encouraged improvement of
their lifestyle is part of the therapeutic approach in BC patients [117].

5.2. Psychological Implications of Breast Cancer and Pathogenetic Germinal Mutations

A BC diagnosis represents a stressful event for the patient and their family. Accepting
the diagnosis, undergoing treatments with their possible side effects, understanding the
prognosis, and accepting an uncertain future are all stages that can cause psychological
instability and that enhance the incidence of anxiety and depression in BC patients [124].

Emotional distress brings to a reduction in quality of life among patients with a
negative impact on compliance treatment and a consequent elevated risk of mortality; these
evidences suggest evaluating distress as a vital sign in cancer patients [125].

A systematic review found a prevalence of 9.4–66.1% for depression and 17.9–33.3%
for anxiety among BC survivors [126]. An interesting cross-sectional study investigated
the prevalence of symptoms of depression and/or anxiety between 350 BC survivors
treated with chemo- and/or radiotherapy five years before and 350 women of the same age
without cancer, 3.7% of patients with a diagnosis of BC had severe symptoms of depression
compared to 1.1% of controls. Similar results were found for anxiety, which was reported
in 8% of BC survivors and 4% of controls [127].

Cancer has many sequelae, such as the inability to see a future, coping with a new body
and life, and one of the main causes of psychological distress is the fear of recurrence [128].
Many factors are associated with the fear of recurrence, such as age; younger patients
have greater stress than older ones [129]. Interestingly, it has been supposed that breast-
conserving therapy could positively influence the lives of cancer patients, but if effective
in the short-term, it doesn’t seem to persist in the long-term because some studies show
how patients who underwent a mastectomy have less fear of recurrence than ones who
underwent breast-conserving therapy [129,130].

Offering the proper treatment for psychological well-being is a fundamental issue to
prevent negative emotional outcomes. Different psychological interventions can be utilized:
a meta-analysis showed how cognitive behavioral therapy seems to reduce symptoms of de-
pression and anxiety [131]. The cognitive-behavioral therapy is a structured approach that
aims to solve problems by modifying behavior and unhelpful thinking [132]. Mindfulness-
based stress reduction has been shown to have a positive influence on stress reported by
patients, also resulting in low salivary cortisol and IL-6 in breast cancer survivors [133].

BC remains an experience with long-term effects on the well-being of patients, but
clinicians have an important role to play as part of the disease, helping the patient to
reprocess the experience of cancer, which could be a key to promoting resilience among
survivors [134].

The diagnosis of a germinal mutation in genes involved in the hereditary predispo-
sition to breast and ovarian cancer is often related with anxiety and depression, constant
worries about cancer recurrence and an important impact on social and psychological
factors [135]. In addition, counseling after the diagnosis of the pathogenic variant includes
discussions about the preventive surgery to reduce the risk, the management reproductive
desires and menopausal symptoms, and the evaluation of quality-of-life aspects related
with risk-reducing surgical procedures [136].

Van Oostrom et al. evaluated the long term psychological impact in the mutation
carriers. They did not differ from non-carriers BC survivors showing a significant increase
in anxiety and depression in the first 5 years of follow-up. BRCA carriers having undergone
prophylactic surgery had a significant benefit in terms of reduction of fear of developing
cancer but, at the same time, they reported a body image changes with a less favorable



J. Clin. Med. 2022, 11, 7239 11 of 17

impact on sexual relationship (70% of cases). Distress levels increased if patients had young
children or had lost a relative to cancer [137].

6. Conclusions

Because of the improvement of the efficacy of treatments and the reduction of cancer-
related mortality, the prevalence of BC survivors has increased in recent years. This leads
oncologists and patients to face different early and late issues related to BC treatments.

BC survivors can experience different adverse events related to BC treatment related
to local or systemic treatment that have different implications on the psychological and
gynecological spheres.

One of the most important challenges for oncologists is to know and, if possible,
prevent the onset of adverse events related with BC diagnosis and treatments that can
afflict and worsen the quality of life of patients.
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21. Polgár, C.; Kahán, Z.; Ivanov, O.; Chorváth, M.; Ligačová, A.; Csejtei, A.; Gábor, G.; Landherr, L.; Mangel, L.; Mayer, Á.; et al.
Radiotherapy of Breast Cancer-Professional Guideline 1st Central-Eastern European Professional Consensus Statement on Breast
Cancer. Pathol. Oncol. Res. 2022, 28, 1610378. [CrossRef]

22. Cardoso, F.; Kyriakides, S.; Ohno, S.; Penault-Llorca, F.; Poortmans, P.; Rubio, I.T.; Zackrisson, S.; Senkus, E.; ESMO Guidelines
Committee. Electronic address: Clinicalguidelines@esmo.org Early Breast Cancer: ESMO Clinical Practice Guidelines for
Diagnosis, Treatment and Follow-Up†. Ann. Oncol. 2019, 30, 1194–1220. [CrossRef] [PubMed]

23. Davis, S.D.; Yankelevitz, D.F.; Henschke, C.I. Radiation Effects on the Lung: Clinical Features, Pathology, and Imaging Findings.
AJR Am. J. Roentgenol. 1992, 159, 1157–1164. [CrossRef]

24. Lind, P.A.; Bylund, H.; Wennberg, B.; Svensson, C.; Svane, G. Abnormalities on Chest Radiographs Following Radiation Therapy
for Breast Cancer. Eur. Radiol. 2000, 10, 484–489. [CrossRef] [PubMed]

25. Lind, P.A.; Wennberg, B.; Gagliardi, G.; Fornander, T. Pulmonary Complications Following Different Radiotherapy Techniques for
Breast Cancer, and the Association to Irradiated Lung Volume and Dose. Breast Cancer Res. Treat. 2001, 68, 199–210. [CrossRef]
[PubMed]

26. Xu, Y.; Ma, P.; Hu, Z.; Tian, Y.; Men, K.; Wang, S.; Xu, Y.; Dai, J. Non-Coplanar Volumetric Modulated Arc Therapy for Locoregional
Radiotherapy of Left-Sided Breast Cancer Including Internal Mammary Nodes. Radiol. Oncol. 2021, 55, 499–507. [CrossRef]

27. Bentzen, S.M.; Dische, S. Morbidity Related to Axillary Irradiation in the Treatment of Breast Cancer. Acta Oncol. 2000, 39, 337–347.
[CrossRef]

28. McCredie, M.R.; Dite, G.S.; Porter, L.; Maskiell, J.; Giles, G.G.; Phillips, K.A.; Redman, S.; Hopper, J.L. Prevalence of Self-Reported
Arm Morbidity Following Treatment for Breast Cancer in the Australian Breast Cancer Family Study. Breast 2001, 10, 515–522.
[CrossRef]

29. Hershman, D.L.; Weimer, L.H.; Wang, A.; Kranwinkel, G.; Brafman, L.; Fuentes, D.; Awad, D.; Crew, K.D. Association between
Patient Reported Outcomes and Quantitative Sensory Tests for Measuring Long-Term Neurotoxicity in Breast Cancer Survivors
Treated with Adjuvant Paclitaxel Chemotherapy. Breast Cancer Res. Treat. 2011, 125, 767–774. [CrossRef]

30. Piroth, M.D.; Baumann, R.; Budach, W.; Dunst, J.; Feyer, P.; Fietkau, R.; Haase, W.; Harms, W.; Hehr, T.; Krug, D.; et al. Heart
Toxicity from Breast Cancer Radiotherapy: Current Findings, Assessment, and Prevention. Strahlenther. Onkol. 2019, 195, 1–12.
[CrossRef]

31. Darby, S.C.; Ewertz, M.; McGale, P.; Bennet, A.M.; Blom-Goldman, U.; Brønnum, D.; Correa, C.; Cutter, D.; Gagliardi, G.; Gigante,
B.; et al. Risk of Ischemic Heart Disease in Women after Radiotherapy for Breast Cancer. N. Engl. J. Med. 2013, 368, 987–998.
[CrossRef] [PubMed]

32. Bonito, F.J.P.; de Almeida Cerejeira, D.; Dahlstedt-Ferreira, C.; Oliveira Coelho, H.; Rosas, R. Radiation-Induced Angiosarcoma of
the Breast: A Review. Breast J. 2020, 26, 458–463. [CrossRef] [PubMed]

33. Bellon, J. The PRECISION Trial (Profiling Early Breast Cancer for Radiotherapy Omission): A Phase II Study of Breast-Conserving Surgery
without Adjuvant Radiotherapy for Favorable-Risk Breast Cancer; National Library of Medicine: Bethesda, MD, USA, 2022.

34. Offersen, B. The DBCG RT Natural Trial: Partial Breast Versus No Irradiation for Women ≥ 60 Years Operated with Breast Conservation for
an Early Breast Cancer: A Clinically Controlled Randomized Phase III Trial; National Library of Medicine: Bethesda, MD, USA, 2020.

35. Giuliano, A. Radiation Omission in Patients with HER2 Overexpressing Tumors with Pathologic; National Library of Medicine:
Bethesda, MD, USA, 2022.

http://doi.org/10.1136/bmj-2021-066542
http://www.ncbi.nlm.nih.gov/pubmed/34759002
http://doi.org/10.1519/JSC.0000000000001355
http://www.ncbi.nlm.nih.gov/pubmed/26840439
http://doi.org/10.1016/S1470-2045(13)70076-7
http://doi.org/10.1097/01.sla.0000245472.47748.ec
http://www.ncbi.nlm.nih.gov/pubmed/17435553
http://doi.org/10.1016/j.critrevonc.2014.06.004
http://www.ncbi.nlm.nih.gov/pubmed/25085806
http://doi.org/10.1188/12.CJON.609-614
http://www.ncbi.nlm.nih.gov/pubmed/23178353
http://doi.org/10.21037/atm.2019.03.44
http://doi.org/10.1007/s12282-018-0830-3
http://doi.org/10.1111/tbj.12391
http://doi.org/10.3389/pore.2022.1610378
http://doi.org/10.1093/annonc/mdz173
http://www.ncbi.nlm.nih.gov/pubmed/31161190
http://doi.org/10.2214/ajr.159.6.1442375
http://doi.org/10.1007/s003300050081
http://www.ncbi.nlm.nih.gov/pubmed/10757001
http://doi.org/10.1023/A:1012292019599
http://www.ncbi.nlm.nih.gov/pubmed/11727957
http://doi.org/10.2478/raon-2021-0045
http://doi.org/10.1080/028418600750013113
http://doi.org/10.1054/brst.2000.0291
http://doi.org/10.1007/s10549-010-1278-0
http://doi.org/10.1007/s00066-018-1378-z
http://doi.org/10.1056/NEJMoa1209825
http://www.ncbi.nlm.nih.gov/pubmed/23484825
http://doi.org/10.1111/tbj.13504
http://www.ncbi.nlm.nih.gov/pubmed/31448482


J. Clin. Med. 2022, 11, 7239 13 of 17

36. The Netherlands Cancer Institute. DESCARTES: De-ESCAlation of RadioTherapy in Patients with Pathologic Complete RESponse to
Neoadjuvant Systemic Therapy; National Library of Medicine: Bethesda, MD, USA, 2022.

37. Qi, W. Evaluating Omitting of Internal Mammary Irradiation Among Early Stage Intermediate Risk (N1) Breast Cancer Patients According
to Clinical-Genomic Model: An Open Label, Non-Inferior Randomized Controlled Trial; National Library of Medicine: Bethesda, MD,
USA, 2022.

38. Kummerow, K.L.; Du, L.; Penson, D.F.; Shyr, Y.; Hooks, M.A. Nationwide Trends in Mastectomy for Early-Stage Breast Cancer.
JAMA Surg. 2015, 150, 9–16. [CrossRef] [PubMed]

39. Speck, R.M.; Gross, C.R.; Hormes, J.M.; Ahmed, R.L.; Lytle, L.A.; Hwang, W.-T.; Schmitz, K.H. Changes in the Body Image and
Relationship Scale Following a One-Year Strength Training Trial for Breast Cancer Survivors with or at Risk for Lymphedema.
Breast Cancer Res. Treat. 2010, 121, 421–430. [CrossRef] [PubMed]

40. Paterson, C.L.; Lengacher, C.A.; Donovan, K.A.; Kip, K.E.; Tofthagen, C.S. Body Image in Younger Breast Cancer Survivors: A
Systematic Review. Cancer Nurs. 2016, 39, E39–E58. [CrossRef] [PubMed]

41. Ussher, J.M.; Perz, J.; Gilbert, E. Changes to Sexual Well-Being and Intimacy after Breast Cancer. Cancer Nurs. 2012, 35, 456–465.
[CrossRef]

42. Rowland, J.H.; Meyerowitz, B.E.; Crespi, C.M.; Leedham, B.; Desmond, K.; Belin, T.R.; Ganz, P.A. Addressing Intimacy and
Partner Communication after Breast Cancer: A Randomized Controlled Group Intervention. Breast Cancer Res. Treat. 2009, 118,
99–111. [CrossRef]

43. Beusterien, K.; Grinspan, J.; Kuchuk, I.; Mazzarello, S.; Dent, S.; Gertler, S.; Bouganim, N.; Vandermeer, L.; Clemons, M. Use
of Conjoint Analysis to Assess Breast Cancer Patient Preferences for Chemotherapy Side Effects. Oncologist 2014, 19, 127–134.
[CrossRef]

44. Hu, L.-Y.; Mi, W.-L.; Wu, G.-C.; Wang, Y.-Q.; Mao-Ying, Q.-L. Prevention and Treatment for Chemotherapy-Induced Peripheral
Neuropathy: Therapies Based on CIPN Mechanisms. Curr. Neuropharmacol. 2019, 17, 184–196. [CrossRef]

45. Triarico, S.; Romano, A.; Attinà, G.; Capozza, M.A.; Maurizi, P.; Mastrangelo, S.; Ruggiero, A. Vincristine-Induced Peripheral
Neuropathy (VIPN) in Pediatric Tumors: Mechanisms, Risk Factors, Strategies of Prevention and Treatment. Int. J. Mol. Sci. 2021,
22, 4112. [CrossRef]

46. Staff, N.P.; Fehrenbacher, J.C.; Caillaud, M.; Damaj, M.I.; Segal, R.A.; Rieger, S. Pathogenesis of Paclitaxel-Induced Peripheral
Neuropathy: A Current Review of In Vitro and In Vivo Findings Using Rodent and Human Model Systems. Exp. Neurol. 2020,
324, 113121. [CrossRef] [PubMed]

47. da Costa, R.; Passos, G.F.; Quintão, N.L.M.; Fernandes, E.S.; Maia, J.R.L.C.B.; Campos, M.M.; Calixto, J.B. Taxane-Induced
Neurotoxicity: Pathophysiology and Therapeutic Perspectives. Br. J. Pharmacol. 2020, 177, 3127–3146. [CrossRef] [PubMed]

48. Wefel, J.S.; Schagen, S.B. Chemotherapy-Related Cognitive Dysfunction. Curr. Neurol. Neurosci. Rep. 2012, 12, 267–275. [CrossRef]
[PubMed]

49. Cavaletti, G.; Frigeni, B.; Lanzani, F.; Mattavelli, L.; Susani, E.; Alberti, P.; Cortinovis, D.; Bidoli, P. Chemotherapy-Induced
Peripheral Neurotoxicity Assessment: A Critical Revision of the Currently Available Tools. Eur. J. Cancer 2010, 46, 479–494.
[CrossRef]

50. Ahles, T.A.; Saykin, A.J.; Furstenberg, C.T.; Cole, B.; Mott, L.A.; Skalla, K.; Whedon, M.B.; Bivens, S.; Mitchell, T.; Greenberg,
E.R.; et al. Neuropsychologic Impact of Standard-Dose Systemic Chemotherapy in Long-Term Survivors of Breast Cancer and
Lymphoma. J. Clin. Oncol. 2002, 20, 485–493. [CrossRef] [PubMed]

51. Hong, J.S.; Tian, J.; Wu, L.H. The Influence of Chemotherapy-Induced Neurotoxicity on Psychological Distress and Sleep
Disturbance in Cancer Patients. Curr. Oncol. 2014, 21, 174–180. [CrossRef] [PubMed]

52. Hoang, H.T.X.; Molassiotis, A.; Chan, C.W.; Nguyen, T.H.; Liep Nguyen, V. New-Onset Insomnia among Cancer Patients
Undergoing Chemotherapy: Prevalence, Risk Factors, and Its Correlation with Other Symptoms. Sleep Breath. 2020, 24, 241–251.
[CrossRef] [PubMed]

53. Smith, E.M.L.; Pang, H.; Cirrincione, C.; Fleishman, S.; Paskett, E.D.; Ahles, T.; Bressler, L.R.; Fadul, C.E.; Knox, C.; Le-Lindqwister,
N.; et al. Effect of Duloxetine on Pain, Function, and Quality of Life among Patients with Chemotherapy-Induced Painful
Peripheral Neuropathy: A Randomized Clinical Trial. JAMA 2013, 309, 1359–1367. [CrossRef]

54. Shah, A.N.; Gradishar, W.J. Adjuvant Anthracyclines in Breast Cancer: What Is Their Role? Oncologist 2018, 23, 1153–1161.
[CrossRef]

55. Cardinale, D.; Colombo, A.; Bacchiani, G.; Tedeschi, I.; Meroni, C.A.; Veglia, F.; Civelli, M.; Lamantia, G.; Colombo, N.; Curigliano,
G.; et al. Early Detection of Anthracycline Cardiotoxicity and Improvement with Heart Failure Therapy. Circulation 2015, 131,
1981–1988. [CrossRef]

56. Bird, B.R.J.H.; Swain, S.M. Cardiac Toxicity in Breast Cancer Survivors: Review of Potential Cardiac Problems. Clin. Cancer Res.
2008, 14, 14–24. [CrossRef] [PubMed]

57. Swain, S.M.; Whaley, F.S.; Ewer, M.S. Congestive Heart Failure in Patients Treated with Doxorubicin: A Retrospective Analysis of
Three Trials. Cancer 2003, 97, 2869–2879. [CrossRef] [PubMed]

58. Piepoli, M.F.; Hoes, A.W.; Agewall, S.; Albus, C.; Brotons, C.; Catapano, A.L.; Cooney, M.-T.; Corrà, U.; Cosyns, B.; Deaton, C.;
et al. 2016 European Guidelines on Cardiovascular Disease Prevention in Clinical Practice: The Sixth Joint Task Force of the
European Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice (Constituted by

http://doi.org/10.1001/jamasurg.2014.2895
http://www.ncbi.nlm.nih.gov/pubmed/25408966
http://doi.org/10.1007/s10549-009-0550-7
http://www.ncbi.nlm.nih.gov/pubmed/19771507
http://doi.org/10.1097/NCC.0000000000000251
http://www.ncbi.nlm.nih.gov/pubmed/25881807
http://doi.org/10.1097/NCC.0b013e3182395401
http://doi.org/10.1007/s10549-009-0398-x
http://doi.org/10.1634/theoncologist.2013-0359
http://doi.org/10.2174/1570159X15666170915143217
http://doi.org/10.3390/ijms22084112
http://doi.org/10.1016/j.expneurol.2019.113121
http://www.ncbi.nlm.nih.gov/pubmed/31758983
http://doi.org/10.1111/bph.15086
http://www.ncbi.nlm.nih.gov/pubmed/32352155
http://doi.org/10.1007/s11910-012-0264-9
http://www.ncbi.nlm.nih.gov/pubmed/22453825
http://doi.org/10.1016/j.ejca.2009.12.008
http://doi.org/10.1200/JCO.2002.20.2.485
http://www.ncbi.nlm.nih.gov/pubmed/11786578
http://doi.org/10.3747/co.21.1984
http://www.ncbi.nlm.nih.gov/pubmed/25089099
http://doi.org/10.1007/s11325-019-01839-x
http://www.ncbi.nlm.nih.gov/pubmed/31016572
http://doi.org/10.1001/jama.2013.2813
http://doi.org/10.1634/theoncologist.2017-0672
http://doi.org/10.1161/CIRCULATIONAHA.114.013777
http://doi.org/10.1158/1078-0432.CCR-07-1033
http://www.ncbi.nlm.nih.gov/pubmed/18172247
http://doi.org/10.1002/cncr.11407
http://www.ncbi.nlm.nih.gov/pubmed/12767102


J. Clin. Med. 2022, 11, 7239 14 of 17

Representatives of 10 Societies and by Invited Experts)Developed with the Special Contribution of the European Association for
Cardiovascular Prevention & Rehabilitation (EACPR). Eur. Heart J. 2016, 37, 2315–2381. [CrossRef] [PubMed]

59. Schrader, C.; Keussen, C.; Bewig, B.; von Freier, A.; Lins, M. Symptoms and Signs of an Acute Myocardial Ischemia Caused by
Chemotherapy with Paclitaxel (Taxol) in a Patient with Metastatic Ovarian Carcinoma. Eur. J. Med. Res. 2005, 10, 498–501.

60. Nakamoto, S.; Ikeda, M.; Kubo, S.; Yamamoto, M.; Yamashita, T. De-Escalated Therapy Omitting Anthracyclines for Stage I
HER2-Positive Breast Cancer: A Retrospective Observational Study. In Vivo 2020, 34, 3713–3718. [CrossRef]

61. van Ramshorst, M.S.; van der Voort, A.; van Werkhoven, E.D.; Mandjes, I.A.; Kemper, I.; Dezentjé, V.O.; Oving, I.M.; Honkoop,
A.H.; Tick, L.W.; van de Wouw, A.J.; et al. Neoadjuvant Chemotherapy with or without Anthracyclines in the Presence of Dual
HER2 Blockade for HER2-Positive Breast Cancer (TRAIN-2): A Multicentre, Open-Label, Randomised, Phase 3 Trial. Lancet Oncol.
2018, 19, 1630–1640. [CrossRef]

62. Watanuki, R.; Hayashida, T.; Kawai, Y.; Kikuchi, M.; Nakashoji, A.; Yokoe, T.; Toyota, T.; Seki, T.; Takahashi, M.; Kitagawa, Y.
Optimal Use of Anthracycline-Free Perioperative Chemotherapy in HER2-Positive Breast Cancer Patients. Int. J. Clin. Oncol.
2019, 24, 807–814. [CrossRef]

63. Esteva, F.J.; Hortobagyi, G.N. Comparative Assessment of Lipid Effects of Endocrine Therapy for Breast Cancer: Implications for
Cardiovascular Disease Prevention in Postmenopausal Women. Breast 2006, 15, 301–312. [CrossRef]

64. Hozumi, Y.; Kawano, M.; Saito, T.; Miyata, M. Effect of Tamoxifen on Serum Lipid Metabolism. J. Clin. Endocrinol. Metab. 1998, 83,
1633–1635. [CrossRef]

65. Fisher, B.; Costantino, J.P.; Wickerham, D.L.; Redmond, C.K.; Kavanah, M.; Cronin, W.M.; Vogel, V.; Robidoux, A.; Dimitrov, N.;
Atkins, J.; et al. Tamoxifen for Prevention of Breast Cancer: Report of the National Surgical Adjuvant Breast and Bowel Project P-1
Study. J. Natl. Cancer Inst. 1998, 90, 1371–1388. [CrossRef]

66. Zhao, F.; Ren, D.; Shen, G.; Ahmad, R.; Dong, L.; Du, F.; Zhao, J. Toxicity of Extended Adjuvant Endocrine with Aromatase
Inhibitors in Patients with Postmenopausal Breast Cancer: A Systemtic Review and Meta-Analysis. Crit. Rev. Oncol. Hematol.
2020, 156, 103114. [CrossRef] [PubMed]

67. Vogel, C.L.; Cobleigh, M.A.; Tripathy, D.; Gutheil, J.C.; Harris, L.N.; Fehrenbacher, L.; Slamon, D.J.; Murphy, M.; Novotny, W.F.;
Burchmore, M.; et al. Efficacy and Safety of Trastuzumab as a Single Agent in First-Line Treatment of HER2-Overexpressing
Metastatic Breast Cancer. J. Clin. Oncol. 2002, 20, 719–726. [CrossRef]
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