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Opinion statement

Around 90% of breast tumours are diagnosed in the early stage, with approximately
70% being hormone receptor-positive. The cornerstone of adjuvant therapy for early-
stage hormone receptor-positive breast cancer is endocrine therapy, tailored according
to disease stage, biological characteristics of the tumour, patient’s comorbidities, prefer-
ences and age. In premenopausal patients with hormone receptor-positive breast cancer,
ovarian function suppression is a key component of the adjuvant endocrine treatment
in combination with an aromatase inhibitor or tamoxifen. Moreover, it can be used dur-
ing chemotherapy as a standard strategy for ovarian function preservation in all breast
cancer subtypes. In the metastatic setting, ovarian function suppression should be used
in all premenopausal patients with hormone receptor-positive breast cancer to achieve
a post-menopausal status. Despite its efficacy, ovarian function suppression may lead to
several side effects that can have a major negative impact on patients’ quality of life if
not properly managed (e.g. hot flashes, depression, cognitive impairment, osteoporosis,
sexual dysfunction, weight gain). A deep knowledge of the side effects of ovarian function
suppression is necessary for clinicians. A correct counselling in this regard and proactive
management should be considered a fundamental part of survivorship care to improve

treatment adherence and patients’ quality of life.

Introduction

Approximately one out of five new diagnoses of
breast cancer (18%) occurs in women younger than
50 years old [1]. Young age seems to be associated
with poorer survival outcomes in women affected by
hormone receptor-positive breast cancer, which rep-
resents the most common subtype also in this patient
population [2]. As compared to post-menopausal
patients, breast cancers arising in premenopausal
patients seem to harbour more aggressive features,
namely higher tumour stage and more frequent lumi-
nal B-like biology within the subgroup of hormone
receptor-positive tumours [3]. Despite advances
in treatment modalities, more effective endocrine
therapy approaches and improved understanding of
tumour biology [4], many premenopausal women
with hormone receptor-positive early breast cancer
are still being treated with chemotherapy. Premature
ovarian insufficiency (POI) is a potentially irreversible
toxicity of chemotherapy in premenopausal patients,
requiring appropriate counselling since diagnosis [5].

In premenopausal women, ovarian function suppres-
sion (OFS) may have a double role. On one side, it
can be used during chemotherapy as a standard strat-
egy for ovarian function preservation in all patients,
regardless of breast cancer subtype [6]. On the other
side, OFS is a key component of adjuvant endocrine
treatment in combination with an aromatase inhibi-
tor (AI) or tamoxifen in patients with hormone recep-
tor-positive breast cancer [ 7], except for those affected
by cancers at low risk of recurrence. Moreover, in the
metastatic setting, OFS should be used in all patients
with hormone receptor-positive breast cancer in order
to achieve a post-menopausal status [8]. Ovarian
function can be temporarily suppressed by using a
gonadotropin-releasing hormone agonist (GnRHa) or
can be permanently blocked through bilateral oopho-
rectomy. The administration of GnRHa (e.g. goserelin,
leuprolelin, triptorelin) is not invasive and it is revers-
ible. On the contrary, oophorectomy requires surgery
and leads to an irreversible OFS. Despite its key role,
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OFS is associated with many different and relevant aim of this review is to summarize the main role and
side effects that can have a major negative impact on efficacy data of OFS in early breast cancer as well as
patients’ quality of life if not properly managed and its side effects with a special focus on their possible
may lead to premature treatment interruption. The management.

Indications to OFS in Early Breast Cancer

OFS as a Strategy for Ovarian Function Preservation During Chemotherapy

The efficacy of GnRHa administration during chemotherapy in order to pre-
serve ovarian function in breast cancer patients has been evaluated in several
randomized trials [9-23] (Table 1). Most studies enrolled a small number of
patients, usually less than 100. The definition of chemotherapy-induced POI
was mostly based on the absence of menstrual cycles after chemotherapy.
However, in some studies, the combination of amenorrhea and post-meno-
pausal hormonal levels was required for POI diagnosis. The evaluation was
performed from 6 months up to more than 5 years after the end of treatment.
Most of the patients received anthracycline- and cyclophosphamide-based
chemotherapy regimens. Of note, in most of the studies, median age was
around 40 years and pregnancy desire was not an inclusion criteria nor was
collected for the majority of the patients. The median follow-up was relatively
short in most of the trials to assess long-term endpoints like post-treatment
pregnancies [24]. In the POEMS study, 218 premenopausal women affected
by hormone receptor-negative early breast cancer were randomized to receive
chemotherapy plus goserelin or chemotherapy alone. The risk of developing
ovarian failure was reduced by 70% at 2 years after treatment (OR 0.30; 95%
CI0.09-0.97; p=0.04) and more patients treated with the addition of GnRHa
had a post-treatment pregnancy (23.1% vs. 12.2%, adjusted OR 2.34, 95% CI
1.07-5.11, p=0.03) [19]. Consistent results were seen in the PROMISE-GIM6
study that included mostly (80%) patients with hormone receptor-positive
breast cancer. In this trial, 281 premenopausal patients affected by early breast
cancer who were candidates for (neo)adjuvant chemotherapy were randomly
assigned to receive chemotherapy plus GnRHa triptorelin or chemotherapy
alone. The chemotherapy-induced POI rate was significantly lower in patients
treated with chemotherapy plus GnRHa than in those treated without GnRHa
(8.9% vs. 25.9%; OR 0.28, 95% CI 0.14-0.59) [25]. At a median follow-up of
12.4 years, the cumulative incidence of pregnancy was 6.5% in the combina-
tion arm and 3.2% in patients treated with chemotherapy alone (HR 2.14,
95% CI 0.66-6.92). The authors also performed an exploratory descriptive
analysis in BRCA-mutated patients. Among patients harbouring BRCA patho-
genic variants, the incidence of POI was 0% in those treated with GnRHa
and 33% in those treated without GnRHa. Despite the small numbers, these
findings are consistent with the main trial results showing a benefit of GnRHa
use during chemotherapy also among BRCA carriers [26]. A similar reduc-
tion in terms of POI rates (10.3% in the GnRHa group and 44.5% in the
control group) was found by Zong et al. in a population of 301 patients [23].



523-542

Oncology (2024) 25

jons in

Current Treatment Opt

526

uraj01dna)
WN (=d) %G “SA %E0T 2°0% 'SA 9°0% T0E 40 ulpIesob—/+1) A Jw/bu 6:0>HWY  [€2] e 32 buoz
23 pue
(696:0=d) HS4 40 S19A9) Wd
VN %822 "SA %I €2 6€ "SA G°L€ 912 unaiesob—/+1) 2L-9€ pue esyuouswy  [zz] ‘e 38 bueyz
(870°0=d) HS4 J0 51919 [te]
G 'SA [ %8 %€ "SA %G'8T 8°8€ 'SA 6°LE 122 uta1esob~/+1) ¥2-21  Wd pue eayuouswy ‘e 39 pieuoaT]
HS4 40 S]aA9) [61]
(€0°0=d) 21 "sr 22 (¥0°0=d) %2z *SA %8 L'8E 'SA 9°/€ 812 ut1asob~/+1) %2  Wd pue eayuouswy ‘e 33 aloop
(t00°0>d) [81] e 30
VN %L"99 "SA %G'6 LE 2y upasoidui-/+1) 9 eayuiouawy LyoaezZ-LwiLiey)
YN (G0°0=4d) %G°G¥ "SA %0°0T VN 2¢  unauoydun-/+1) VN eayuouswy  [£1] ‘e 1@ bueip
23 pue
(10°0>d) aje3ade HS4 40 S12A3] Wd
wN %L°82 "SA %6°9T 1°2% "SA £°0% €8T aproidna)-/+1) 21 pue eayuouswy  [91] e 3 buos
(3stu
(t£:0=d/00°1=4) -obejue eyyunF) [aT]
T'SA¢ %02/%02 *SA %9T/%02 2€ 'SA €€ 00T  uyasoidui-/+1) 2 eayuouswy ‘e 18 Aputh)3
[v1]
2°SAOD (2€°0=d) %¥T *SA %GT 8€ *SA € 6y upaioxdul—/+1) 42 eayiouswy *]e 3 Jagsunyy
23 pue
(100°0>4) 6€ HS4 40 S13A3] Wd [02]
(0z'0=d) €sn 8 %6°G2 "SA %6°8 6€ "SA 6€ 182  unasoldui-/+]1) 21 pue eayuouswy  “je 33 luipeqwen
(6£0°0=1)
WN %0°0G ‘SA %€’ L2 LE "SA 8 %4 utaiesob—/+1) A eayLouswy [€1] e 39 ung
[e1]
T'SAT AN,VH.OHQV 9% E°CYH *SA 9%0¢ G'Q¢ °SA G¢ 09 :.:E.wmoml\+._.u 9 eayliouswy ‘1é 39 1aq4a9H
(usyixowey/—+)
(900°0=4) (%£8) (usyixowey—/+) [o1] 1@ 30
WN %06 “SA (%E6) %79 9%—GY *SA GY 6 utR1esob-/+1) 9¢ 03 d eal oUWy 1330pSLUBAS
uoL1eINA0
(t00°0>d) 40 uondwnsai ou [t1]
WN %9°99 *SA %%’ TT 2°62 "SA O 8/ utasesob—/+1) 8 pue eayuiouawy ‘e 32 Amepeg
(Lz0"0=d)
WN %L EG “SA %T'2E 6 "SA 0% €9 utsasob—/+19) 21 sl Liouswy [6] 1e 39 1
(1013u0d *sa (syauow)
(1013u00 *sA  eHyun) (steak) sjuaryed uawibal uorjen)eAd
saueubaid BHYu9) 331 10d abe uelpap *ON juswleal] 10d Burwrp uoluyap 10d sioyjny

1eALAINS Jje1dA0 SO “Jesnedoudw-3sod py4 ‘Aduadyynsul ueueao ainjewsaid 704 ‘Astuobe sauowioy buisesjas-urdosyopeuob oyyun ‘ouowsoy bunejnwys
-9]211104 4SS ‘|0Lpe1Isd® 77 ‘IeALAINS d3uy-dseasip S/g ‘Aderdyjowayd ;) :suorjelraiqqy ‘isdued jseasq yim udwom jesnedoudwsaisd ur uoryersssaid
uolduny ueueao 10y Abajenys e se Adessyjowsayd Buunp eHyug yym uoissaiddns ueueno Aierodwa) bupenjeas sjeuy jedtul)d paziwopuey °f 3)qel




Current Treatment Options in Oncology (2024) 25:523-542 527

Globally, all the studies conducted except for four [12, 14, 15, 22], demon-
strated that the use of GnRHa has a protective role on ovarian function when
administered during chemotherapy. Several meta-analyses have been con-
ducted |6, 27-35]; all of them, except for one [30], showed a reduced risk of
chemotherapy-induced POI in patients receiving GnRHa with chemotherapy.
To date, the addition of GnRHa to chemotherapy is recommended by inter-
national guidelines as a standard strategy for ovarian function preservation
in premenopausal patients affected by breast cancer [5, 36-38]. Goserelin
and leuprorelin seem to be equally effective in terms of ovarian protection
in young patients affected by breast cancer administered with chemotherapy
[39]. No data are available regarding the comparison head-to-head between
triptorelin and other GnRHa agents. Importantly, the use of GnRHa should
not be considered per se a strategy for fertility preservation and should not
replace cryopreservation procedures in patients interested in preserving fertil-
ity before starting chemotherapy [38].

OFS as Adjuvant Endocrine Treatment in Early Breast Cancer

The cornerstone of adjuvant treatment for hormone receptor-positive early
breast cancer is endocrine therapy, tailored according to the disease stage,
tumour’s biological characteristics, patients’ comorbidities, preferences and
age [40-42]. Premenopausal women, especially those diagnosed before
age 40 years, tend to have poorer long-term outcomes [43]. Several factors
contribute to this age-related disparity, including advanced disease stage at
diagnosis, less favourable disease characteristics, higher rates of side effects
contributing together with other factors to a suboptimal adherence to endo-
crine treatment [44]. Over the past two decades, several studies evaluated the
efficacy of combining OFS with endocrine treatment.

The Suppression of Ovarian Function Trial (SOFT) and the Tamoxifen
and Exemestane Trial (TEXT) enrolled premenopausal women with hormone
receptor-positive early breast cancer [45, 46]. SOFT aimed to determine the
role of adding OFS to tamoxifen or exemestane. TEXT aimed to compare the
efficacy of exemestane or tamoxifen in women undergoing OFS [45, 46].
In the SOFT trial, at a median follow-up of 12 years, patients treated with
tamoxifen plus OFS had better DFS (76.1% vs. 71.9%; HR 0.82; 95% CI,
0.69-0.98) and OS (89.0% vs. 86.8%; HR, 0.78; 95% CI, 0.60-1.01) when
compared to those treated with tamoxifen alone. The benefit of adding OFS
was observed primarily in patients treated with chemotherapy (DFS: 78.8%
in patients treated with tamoxifen, 81.1% in those treated with tamoxifen
plus GnRHa, 89.4% in women administered with exemestane plus GnRHa;
OS: 78.8%, 81.1%, and 84.4%, respectively) [47]. A combined analysis of
SOFT and TEXT was designed to investigate the efficacy of exemestane plus
OFS as compared to tamoxifen plus OFS. At a median follow-up of 13 years,
the exemestane plus OFS group exhibited higher DFS rates, with an absolute
improvement of 4.6% (HR 0.79; 95% CI, 0.70-0.90; p<0.001). Additionally,
this group reported higher proportions of patients who remained free from
distant recurrence, with an absolute improvement of 1.8% (HR, 0.83; 95%
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CI, 0.70-0.98; p=0.03). No significant difference was observed in terms of
OS (90.1% vs 89.1%; HR, 0.93; 95% CI, 0.78-1.11). The benefit was greater
in patients at higher risk of recurrence (patients with young age, tumour
size>2 cm, G3 tumours) [48].

Several additional studies have investigated the use of tamoxifen or an
Al combined with OFS in premenopausal patients (Table 2) [49-52]. In the
E-3193 trial, 345 premenopausal patients with low-risk breast cancer (node-
negative, hormone receptor-positive, tumour size<3 cm) were randomized
to receive tamoxifen alone or tamoxifen plus OFS. At a median follow-up of
9.9 years, no significant difference was found between the two groups for DFS
(5-year rate: 87.9% vs. 89.7%; p=0.62) or OS (5-year rate: 95.2% vs. 97.6%;
p=0.67). Notably, > G3 toxicity was more frequent in the combination arm
(22.4% v 12.3%) [52]. On the contrary, in the ASTRRA study, the addition
of 2-year OFS to tamoxifen in premenopausal patients who had received
chemotherapy (and therefore considered at higher risk) and resumed ovarian
function within 2 years from its completion led to an improvement in the
8-year iDFS rate (85.4% vs. 80.2%, HR 0.67, 95% CI 0.51-0.87) [53]. These
data confirm that the addition of OFS to tamoxifen should be considered
in the majority of premenopausal patients with hormone receptor-positive
breast cancer with the exception of those considered at low risk of disease
recurrence.

For the tamoxifen vs. Al question in patients receiving OFS, a meta-analy-
sis conducted by the EBCTCG analysed data from the four trials (ABCSG-12,
TEXT, SOFT, HOBOE). This analysis including data from over 7000 patients
revealed that premenopausal women undergoing OFS plus an Al had a
reduced risk of recurrence compared to those treated with tamoxifen (RR
0.79, 95% CI 0.69-0,90, p=0.0005 with the greatest benefit observed in the
first 4 years. However, no difference was found in terms of OS [54]. Among
these trials, ABCSG-12 was the only negative study showing no DFS differ-
ence between an Al and tamoxifen added to OFS. However, notably, this trial
included mostly premenopausal patients with low-risk breast cancer (i.e. 67%
had node-negative tumours) and the endocrine treatment was administered
only for 3 years.

The selection of the most suitable endocrine treatment depends on multi-
ple factors. In the SOFT and TEXT trials, a sophysticated analysis revealed that
in women with the lowest risk of recurrence (who did not receive prior chem-
otherapy), there was no difference in terms of survival outcomes between the
different endocrine regimens [55]. Thus, tamoxifen alone still remains the
standard of care in these women [56]. Among patients with the highest risk of
recurrence, the combination of exemestane plus OFS showed a superior ben-
efit as compared to tamoxifen. When deciding on adjuvant endocrine treat-
ment, it is crucial to consider and discuss with patients the absolute risk of
disease recurrence, potential benefits, and possible side effects of the different
options. The Regan risk score is an online tool that incorporates age, lymph
node status, and tumour grade and can assist in estimating the risk of distant
recurrence [57]. This tool is helpful in identifying patients with high-risk of
disease recurrence who may benefit from escalated endocrine therapy, as well
as those with low-risk who can safely be treated with tamoxifen alone, thereby
avoiding unnecessary toxicities and maintaining a good quality of life [56].
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Both oral endocrine agents and OFS can have adverse effects, including
gynecological, sexual, musculoskeletal, and psychological events. Early iden-
tification and effective management of these adverse events are crucial to
prevent treatment discontinuation. Findings from the SOFT trial revealed
that rates of non-adherence to OFS increased over time, with higher risk
of treatment discontinuation in very young women [58]. It is worth noting
that women undergoing chemotherapy-induced amenorrhea and entering
menopause are at risk of reverting to premenopausal status when treated
with an aromatase inhibitor alone. This risk is more pronounced in younger
premenopausal women, particularly those under the age of 50 years and is
influenced by other factors including the duration and type of chemotherapy
received. It is recommended to regularly monitor estradiol levels to confirm
menopausal status [42]. An important unanswered question is whether OFS
can replace adjuvant chemotherapy in intermediate-risk, endocrine-respon-
sive early breast cancer. The use of genomic assays, such as OncotypeDX and
MammaPrint, has revolutionized adjuvant treatment decisions in BC, but
their applicability in premenopausal patients, especially those under 40 years
with node-positive disease, is still debated [59, 60]. This is mainly because
trials testing genomic assays have had a limited representation of women
under the age of 40 years and premenopausal women included in these tri-
als predominantly received tamoxifen alone as adjuvant endocrine therapy
[61]. The TAILORx and RxPONDER trials have demonstrated the benefit of
adding chemotherapy to endocrine treatment for premenopausal women,
except for those with low genomic risk scores [4, 62, 63]. However, it is still
unclear if the benefit of chemotherapy in premenopausal women with hor-
mone receptor-positive early breast cancer is due to the direct cytotoxic effect
of chemotherapy or to the induction of chemotherapy-induced amenorrhea.
The TAILORx trial showed that patients aged 46-50 years derived greater
benefit from chemotherapy as compared to those aged under 40 years. This
suggests that chemotherapy-induced amenorrhea probably plays a more rel-
evant role than the direct cytotoxic effect of chemotherapy in a condition of
induced and permanent OFS, which is more likely in perimenopausal women
(46-50 years) than in younger women [4, 62]. The results of the pre-operative
ADAPT and ADAPT-cycle trials showed that the addition of OFS to endocrine
therapy resulted in a significant increase in endocrine therapy response by
reducing Ki67 levels to less than 10% in premenopausal patients, regardless
of Recurrence Score (0-25 and>26). Moreover, in the subgroup of women
under 40 years, in which the evidence is more controversial, the addition
of OFS to an Al resulted in endocrine treatment response in both low and
high-risk groups. This supports the assumption that chemotherapy may be
potentially omitted in favour of an optimal endocrine therapy with OFS plus
endocrine treatment in some premenopausal patients with low-risk N1 early
breast cancer based on clinical and genomic risk along with the response
to pre-operative endocrine therapy [65-67]. Further research is needed to
determine the role of OFS combined with endocrine treatment in replacing
adjuvant chemotherapy in premenopausal patients. A new trial including
patients with hormone receptor-positive early node negative breast cancer
with intermediate genomic risk and those with 1-3 positive nodes with low-
intermediate genomic risk is currently ongoing, randomizing patients to
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receive chemotherapy followed by GnRHa and exemestane or GnRHa and
exemestane without chemotherapy (NCT05879926).

Side Effects
]

Despite the relevant benefit in terms of reducing the risk of chemotherapy-
induced POI and survival outcomes as adjuvant endocrine therapy, OFS is
characterized by several side effects, which may lead to therapy discontinua-
tion and poor quality of life (Fig. 1). In a combined analysis of the SOFT and
TEXT trials, 31% of patients treated with tamoxifen plus OFS reported G>3
adverse events. This rate was 32.3% in those receiving exemestane plus OFS
[46]. The toxicity profile of this treatment depends also on the oral endocrine
agent combined with GnRHa. Arthralgia and sexual dysfunction are more
frequent in patients treated with an Al, while night sweats and hot flashes are
more frequent in those receiving tamoxifen [67, 68].

hot flashes osteoporosis

sexual disfunction

weight gain

2

o

@
cardiovascular toxicity '9

fatigue insomnia and anxiety
musculoskeletal symptoms

Fig. 1 Potential side effects of ovarian function suppression. Created with BioRender.com.



532 Current Treatment Options in Oncology (2024) 25:523-542

Hot flashes are a group of vasomotor symptoms characterized by a sensation
of warmth, flashing and perspiration in response to a hypothalamic ther-
moregulatory recalibration precipitated by a decline in estrogen levels [69,
70]. In this process, the core body temperature set-point is modified, triggering
physiologic mechanisms to dissipate heat that cause the symptoms at lower
body temperatures [69]. In the SOFT trial, the addition of OFS increased the
incidence of hot flashes to 93%, compared to 80% with tamoxifen alone [45].
Although hot flashes are not life-threatening adverse events, they must be
properly managed as they are associated with quality of life deterioration and
reduced adherence to adjuvant treatment [71]. Evidence-based non-hormonal
pharmacological strategies for managing hot flashes include the use of antide-
pressants and anticonvulsants. The most widely studied antidepressant agents
for controlling hot flashes are selective serotonin reuptake inhibitors (SSRI)
and serotonin-norepinephrine reuptake inhibitors (SNRI). Randomized
studies have shown reductions of up to 60% in hot flashes with the use of
venlafaxine [72]. Other agents also studied in this context include escitalo-
pram, paroxetine and sertraline [73-75]. Importantly, some SSRI are potent
CYP2D6 inhibitors and may reduce the transformation of tamoxifen to the
active metabolite (endoxifen); thus, this combination should be avoided [76].
Among anticonvulsants, gabapentin and pregabalin are effective agents to
attenuate hot flashes in this population [72]. Hormonal agents, although used
to treat vasomotor symptoms in the general population, are contraindicated
in patients with a history of breast cancer because they are associated with an
increased risk of recurrence. Fezolinetant, a neurokinin 3 receptor antagonist,
has been approved in the USA for menopausal symptoms; however, as of now,
it has not been studied in patients with breast cancer and therefore it is not
indicated [77]. Potentially useful non-pharmacological interventions in the
management of hot flashes include weight control, dietary interventions and
cognitive behavioral therapy [78].

Depression/Anxiety and Sleep Disorders

Psychiatric disorders, depression and anxiety are common in cancer survivors
and are associated with an increased risk of all-cause mortality [79]. A large
French cohort study including data from over 4800 women with breast cancer
demonstrated that nearly one third of patients experienced significant depres-
sive symptoms during and after treatment [80]. Although the frequency of
depression varies between different series, several studies suggest that OFS is
associated with an increased incidence. In the SOFT trial, the incidence of any-
grade depression increased from 46.6% to 51.9% with the addition of OFS to
endocrine therapy [45]. Interestingly, recent evidence suggests that the inci-
dence of major depressive symptoms may vary according to the suppression
method used, with GnRHa being more commonly associated with depression
than ovarian ablation [81]. The development of anxiety represents an important
psychosocial issue in adult cancer survivors, with some data suggesting that it
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is even more frequent than depression in the long-term [82]. The impact of
OFS on the incidence of anxiety is controversial, with small studies suggest-
ing that there is no significant influence of OFS on the occurrence of anxiety
[83, 84]. Depressive symptoms include emotional, cognitive, physical, and
behavioral manifestations and should be actively screened in follow-up visits
to avoid delays in diagnosis. The management of depression and anxiety in
cancer survivors follows the same principles used in the general population,
including pharmacological and non-pharmacological measures, particularly
psychotherapeutic interventions, such as cognitive behavioral therapy [85]. The
choice of antidepressant agent should be personalized and should consider the
patients’ comorbidities, drug interactions (including with endocrine therapy),
the type of depressive symptoms and the adverse effects profile of each treat-
ment class. Pharmacological management of anxiety commonly includes the
use of benzodiazepines, SSRIs, antipsychotics and neuroleptics, sometimes in
combination [86]. Sleeping disorders are a related symptom whose incidence
can reach up to 57% in patients under OFS [45]. Its treatment should always
include a comprehensive assessment aimed at identifying potential underly-
ing causes such as anxiety and depression, thus allowing proper management.

Cognitive Impairment

Cognitive impairment is a known adverse effect of several oncological thera-
pies, and may be associated with dysfunctions in multiple domains, includ-
ing memory impairment and difficulty in concentrating. Both cytotoxic
chemotherapies and endocrine therapies have been associated with cognitive
changes [87, 88]. It is hypothesized that the cognitive effect of endocrine ther-
apies is associated with a local reduction in estrogen levels since the expres-
sion of estrogen receptors and aromatase throughout the hypothalamus,
amygdala, dorsolateral prefrontal cortex, hippocampus, areas are involved
in memory, executive function and learning [89, 90]. However, studies that
sought to assess the specific association between OFS and increased risk of
cognitive decline showed conflicting results. A small randomized study com-
paring cognitive function between patients treated with tamoxifen alone or
with OFS (associated with tamoxifen or exemestane) did not demonstrate a
significant increase in cognitive adverse events among patients who received
the combined therapy [91]. The hypothesis that chemotherapy-induced men-
opause would be the underlying cause of the cognitive decline associated with
chemotherapy was refuted in an analysis of patient-reported outcomes of
the TAILORx study, in which no significant interaction between menopausal
status and cognitive impairment was demonstrated [92].

Early menopause induced by OFS may anticipate and accelerate the devel-
opment of events associated with estrogen levels drop, including bone loss
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[68]. In the SOFT study, the addition of OFS to endocrine monotherapy was
associated with an increased risk of osteoporosis (defined as T score< -2.5)
from 3.5 to 5.8% [45]. All factors associated with a decrease in endogenous
estrogens, including several therapies used in the treatment of breast cancer,
such as Al, surgical oophorectomy, GnRHa, chemotherapy-induced POI are
associated with increased bone loss and, in some patients, increased risk of
fractures [93-95]. Patients treated with OFS, particularly when associated
with an Al, must undergo a complete fracture risk assessment, including
the evaluation of clinical risk factors for osteoporosis (e.g. age, comorbidi-
ties, poor nutrition, low body weight, physical inactivity), as well as bone
density measurement [96, 97]. Non-pharmacological measures to promote
bone health should be widely encouraged, including physical activity (with
weight-bearing exercise), avoiding smoking and alcohol intake and obtaining
sufficient levels of calcium and vitamin D [97, 98]. Treatment of established
osteoporosis in patients on OFS should be tailored according to fracture risk,
patient characteristics, including comorbidities and renal function. Bisphos-
phonates and denosumab are standard therapies for the treatment of osteo-
porosis and its prevention. In premenopausal patients receiving OFS plus Al
or tamoxifen with or without OFS, intravenous zoledronic acid (4 mg once
every 3-6 months) should be considered the preferred choice considering
the lack of evidence in this indication for denosumab [99-101]. Moreover, in
both the HOBOE and the ABCSG-12 trials the use of zolendronic acid added
to endocrine therapy including OFS showed to have a potential anticancer
effect leading to improved outcomes [99, 102].

Sexual Dysfunction

Sexual dysfunction is a common side effect of OFS. About 50% of breast
cancer survivors report sexual dysfunction during or after the treatment. Par-
ticularly, 45% report sexual pain [103]. Sexual dysfunction includes different
manifestations such as vaginal dryness, dyspareunia, decreased libido, low
self-esteem, barriers on intimacy and difficulties in communicating with the
partner. A comprehensive assessment and a multidisciplinary approach are
needed, as well as a close collaboration with gynaecologists and psycholo-
gists [68]. Pharmacological strategies to treat sexual dysfunction include
intravaginal estradiol-releasing tablets, estrogen-based vaginal creams, estra-
diol-releasing vaginal rings, vaginal testosterone and vaginal DHEA. These
strategies reduce the effects of oestrogen deprivation, but they also seem to
determine an increase in serum estradiol levels, which could be an undesir-
able consequence in breast cancer patients [78]. Non-hormonal strategies
should be chosen in the first instance for sexual dysfunction in breast cancer
survivors, particularly those with hormone receptor-positive breast cancer on
adjuvant endocrine therapy. A short treatment with low-dose vaginal estrogen
could be evaluated in selected patients with severe symptoms, after a careful
discussion. On the contrary, different trials evaluated the efficacy of nonhor-
monal vaginal lubricants, concluding that they can be considered without
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any concerns in terms of safety [104, 105]. They represent a cost-effective
strategy to reduce dyspareunia and vaginal dryness. Laser therapy represents
a non-pharmacological approach with limited evidence of efficacy. One of
the largest, but still retrospective, studies was conducted by Pagano et al.,
who treated 82 breast cancer survivors with CO2 laser for 3 cycles. They used
a visual analogue scale for evaluating vaginal dryness, itching, dyspareunia
and dysuria. An improvement in visual analogue scale was reported for each
symptom (p<0.001), regardless of age and type of endocrine treatment [106].
However, the high cost, the reduced availability and specifically the lack of
randomized clinical trials represent the limits of this approach. Notably,
these approaches are not FDA-approved and should not be recommended in
patients with breast cancer [68]. Cognitive behavioural therapy is highly rec-
ommended in breast cancer survivors reporting sexual dysfunction. In a study
conducted by Hummel et al., 169 breast cancer survivors were randomized
to cognitive behavioural therapy for 24 weeks at maximum or a waiting-
list control group. The experimental arm had a significant improvement in
sexual functioning, sexual desire, sexual arousal, vaginal lubrication, body
image and menopausal symptoms than the control group [107]. In this study,
the authors performed an internet-based cognitive behavioural therapy, but
similar results were found in another study using a single 4-h group inter-
vention including sexual health rehabilitation, body awareness exercises and
mindfulness-based cognitive therapy [108].

The association between obesity and poorer breast cancer prognosis is well
established [109-111]. Moreover, obesity is associated with a poor quality of
life and social stigma [112]. Obesity is also a risk factor for other impactful
conditions, namely cardiovascular diseases, fatigue, diabetes and metabolic
syndrome [113]. The mechanism of action underlying the correlation between
obesity and breast cancer is partly unclear but includes increase serum estro-
gen levels due to hyper-adiposity, a chronic inflammation with high levels
of pro-inflammatory proteins, prolonged hyperinsulinemia [114-116]. Obe-
sity represents a risk factor for incomplete OFS in premenopausal women
receiving GnRHa plus an Al, with a potential impact on treatment efficacy
[117, 118]. Hence, weight loss should be encouraged in obese and overweight
breast cancer survivors. Moreover, the weight loss response to anti-obesity
medications (i.e. liraglutide, semaglutide and phentermine) seems poorer
in obese breast cancer patients treated with aromatase inhibitors when com-
pared to obese patients without breast tumours [119]. A combination of
regular physical exercise, diet, and cognitive behavioural has demonstrated
to be highly effective. Harvie et al. randomized 243 overweight patients and
166 normal weight patients in a three arms trial (a 3-month home unsuper-
vised programme, a supervised community programme, and a control arm
receiving standard written advice). Patients assigned to both interventional
arms experienced a reduction of weight and body fat and an increase in terms
of physical activity levels; a reduction in cardiovascular disease markers was
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found only in the supervised group [120]. Among the interventions, eHealth
tools seem to be particularly appealing due to their wide availability and low
cost. However, they are still under investigation.

Conclusions

OFS is standard strategy for ovarian function preservation in premenopausal
women receiving chemotherapy and is a key component of the adjuvant
endocrine treatment for most patients with hormone receptor-positive breast
cancer, particularly in those at intermediate and high risk of relapse. Nev-
ertheless, the side effects of OFS may be highly impactful and long-lasting.
A correct counselling and proactive management of the side effects of OFS
should be considered a relevant part of survivorship care to improve patients’
quality of life and treatment adherence.
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