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Abstract: The combination of classic chemotherapy agents like anthracyclines with novel targeted
medications has had a positive impact on women’s survival from breast cancer. GnRH analogues
are primarily employed to temporarily suppress ovarian function in premenopausal women with
hormone-receptor-positive (HR+) breast cancer. Despite their benefits, the true degree of their
collateral effects has been widely understudied, especially when it comes to ischemic heart disease.
This review aims at summarizing the current state of the art on this issue, with particular focus on
the risk for cardiotoxicity associated with the combined use of GnRH analogues and anthracyclines.
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1. Introduction

Breast cancer is one of the most frequent malignancies among women worldwide.
In the United States, 297,790 new cases of breast cancer are estimated to be diagnosed in
2023, with an yearly increase in incidence of 0.5% [1]. The likelihood of developing breast
cancer increases with age: approximately 50% of women diagnosed with breast cancer
are 62 years or younger and 9% are below 45 years of age [2,3]. Despite its frequency, in
recent years there has been a drastic improvement in breast cancer related prognosis, with
overall 5-year survival rates ranging from 75% in the years 1975–1977 to 91% in the years
2012–2018 [2]. The combination of classic chemotherapy agents like anthracyclines with
novel targeted medications like those employed in the so-called endocrine therapy (ET)
may have contributed to improved outcomes. ET is primarily used to reduce estrogen
levels in premenopausal women with hormone-receptor-positive (HR+) breast cancer. Inhi-
bition of estrogen signaling slows down or stops the growth of HR+ breast cancer cells and
also may mitigate metastasis formation. Currently, ET consists of the following: (1) Ovar-
ian function suppression (OFS), usually obtained using gonadotropin-releasing hormone
(GnRH) analogues; (2) Selective estrogen receptor modulators or down-regulators (SERMs
or SERDs, namely tamoxifen or fulvestrant); (3) Permanent or reversible steroidal inhibitors
of aromatase (AIs, namely exemestane, anastrozole, and letrozole), or a combination of two
or more of the above drugs.

The use of GnRH analogues usually determines several symptoms that resemble
those elicited by menopause. As menopause is known to influence rates of cardiovascular
risk factors and ischemic heart disease, the use of this drug class could impact negatively
on cardiovascular health and especially on the risk of developing ischemic heart disease.
This raises concerns regarding the administration of GnRH analogues in association with
anthracyclines, which are known to induce myocardial dysfunction. This review aims at
enunciating the effects of GnRH analogues on myocardial ischemia with special focus on a
possible synergistic effect with anthracyclines.
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1.1. Guidelines

According to the ESMO Guidelines for Early Breast Cancer, ET is the therapeutic option
of choice in early Luminal A type or Luminal B breast cancer, alone or in combination with
chemotherapy [4].

GnRH analogues are primarily employed to temporarily suppress ovarian function in
premenopausal women with hormone-receptor-positive (HR+) breast cancer, especially
in cases of severe disease burden [4]. In 2018, the NICE Guidelines released a docu-
ment reviewing available evidence for use of OFS in addition with other ET therapies in
premenopausal women with estrogen-positive breast cancer [5]. In this statement, the
committee found evidence of a clinical benefit derived from the use of OFS in combination
with tamoxifen on overall survival rates in patients with ER-positive invasive breast cancer.
Further information was provided by the Association of Breast Surgery Guidelines, which
also took into account existing trials comparing the use of OFS in combination with some
Aromatase Inhibitors such as exemestane [6]. These guidelines concluded that OFS in
combination with other ET therapies could be considered in younger, premenopausal
or perimenopausal women thought eligible for adjuvant chemotherapy, with an overall
treatment duration of 5 years. These recommendations, however, do present important
limitations, as they are based on few Randomized Clinical Trials that provided low-quality
evidence of both benefits and harms of treatment with GnRH analogues, especially in terms
of cardiovascular health.

1.2. Anthracycline-Based Chemotherapy, Endocrine Therapy, and Risk of Cardiovascular Toxicities

The use of anthracycline-based chemotherapy in breast cancer treatment has been
associated with an increased risk of cardiovascular toxicities. GnRH analogues, on the
other hand, are primarily used to induce OFS, which may indirectly impact cardiovascular
health through changes in risk factors for ischemic heart disease. Still, they are generally
considered to have a lower risk of cardiovascular toxicities compared with anthracycline-
based chemotherapy. However, there are some important considerations related to cardiac
health that should be taken into account when using GnRH analogues either alone or in
combination with anthracyclines and that will be discussed in the following paragraphs.

1.3. GnRH Analogues: Mechanistic Aspects, Effectiveness, and Reasons for Concern
1.3.1. Mechanism of Action of GnRH

GnRH is a decapeptide produced in the hypothalamus that stimulates the peripheral
release of luteinizing hormone (LH) and follicular stimulating hormone (FSH) by interacting
with specific receptors localized on gonadotropin cells in the pituitary gland. LH and FSH
have a final role in inducing the production and release of steroids in male and female
gonads (Figure 1). GnRH is typically produced in a pulsatile manner: in women, estradiol
and progesterone act as a negative-loop feedback and suppress the gonadotropin release in
the luteal phase of the menstrual cycle [7].

The potential role of GnRH in the pathogenesis of malignancies of the reproductive
tract, as well as its potential as a possible treatment pathway for such diseases, was first
suggested by its detection in non-pituitary, both cancerous and non-cancerous tissues, i.e.,
ovaries, prostate, and myometrium. GnRH receptors have also been found in nearly 50%
of breast cancer specimens, with a remarkable prevalence in TNBC, and invasive ductal
carcinomas (prevalence of 64%), whereas their expression in normal breast tissues is yet to
be proved [8,9].
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Figure 1. GnRH signal transduction pathways in pituitary and non-pituitary cells. Abbrevia-
tions: DAG, diacylglycerol; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing
hormone; GnRH-R, receptor for gonadotropin-releasing hormone; HB-L, HB ligand; IP3, Inositol
1,4,5-Trisphosphate; LH, Luteinizing hormone; MMP, matrix metalloproteinase; PLC-beta, phospholi-
pase C beta; PCK-beta, protein kinase C beta type, PTP, protein tyrosine phosphatase; RTK, receptor
tyrosine kinases; RAS, rat sarcoma virus. Image created on Biorender.com.

GnRH-related signal transduction in non-pituitary cells presents several differences
with the one described in the pituitary gland (Figure 1), even though both mechanisms
mainly involve interaction with G-proteins. In pituitary cells the signaling cascade involves
the increased activation of phospholipase C (PLC, Figure 1), which degrades into inositol
phosphate (IP) and diacylglycerol (DAG). In turn, IP stimulates the release of Ca2+. The
increase in DAG and Ca2+ levels induces the activation of Phosphokinase C (PKC) that
triggers the synthesis and pulsatile release of gonadotropins via some members of the
mitogen-activated protein kinase family (MAPK) [8,10]. In non-pituitary cells, two different
forms of GnRH (GnRH I and II) have been detected, which manifest different physiopatho-
logical mechanisms according to the cellular context and have a direct impact on cellular
growth, differentiation, and neoplastic potential. Their effects upon binding with GnRHR
are determined by a process that acts independently from PLC, while still involving MAPK
cascades like (ERK), Jun N-terminal kinase (JNK), and p38 MAPK. The effects of this sig-
naling may favor or contrast apoptosis depending on the type of tissue involved and the
duration of kinase signaling. They also influence the expression of metalloproteinases
(MMP), which, along with Rho-GTPases and the urokinase-type plasminogen activator
(uPA) system, induce cell mobilization and development of metastasis. In extra-pituitary
tissues, GnRH and GnRHR are also involved in local angiogenesis via interaction with
metabolism and functionality of the vascular endothelial growth factor (VEGF) and fibrob-
last growth factor (FGF), as well as by taking part in a cross-talk with receptor tyrosine
kinases (RTK) like EGFR and insulin-like growth factors (Figure 1) [9].

1.3.2. GnRH as a Treatment Target

The progressive unravelling of this complex variety of effects elicited by GnRH on
extra-pituitary tissues has opened new promising roads for the treatment of several ma-
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lignancies of the reproductive system, both in male and in female patients [8]. These
therapeutic options involve the use of both GnRH agonists and antagonists, as they all
exert a final suppressive effect on gonadotropin secretion, cellular growth, and metastasis
formation in affected tissues, especially affecting hormone-dependent tumors [11–13]. The
main difference between GnRH agonists and antagonists stand in treatment duration: the
former need prolonged administration and higher dosages than the latter to determine
an anti-neoplastic effect in hormone-dependent malignancies [8,9]. This is explained by
understanding the mechanism of action of the two therapeutic agents: GnRH antagonists
inhibit the secretion of gonadotropins and reduce sex steroid levels immediately after appli-
cation by directly competing for receptor occupation [7,9]. Instead, GnRH agonists produce
an initial transient increase in sex hormones, inhibiting FSH and LH synthesis only after
prolonged and non-pulsatile administration of the drug has activated the negative-loop
feedback signaling.

1.3.3. GnRH in Combination with Other Endocrine Therapies

As previously mentioned, these drugs have shown significant benefit in the overall
and disease-free survival rates in several studies. Two large scale trials, Suppression of
Ovarian Function Trial (SOFT) and Tamoxifen and Exemestane Trial (TEXT), analyzed
the role of pharmacological or surgical OFS in addition to tamoxifen or exemestane on
prognosis of female breast cancer patients [14]. Overall, in the SOFT trial there was a
modest benefit of OFS added to tamoxifen vs. tamoxifen alone on overall survival at 8 years
(93.3 versus 91.5 percent; HR 0.67, 95% CI 0.48–0.92), especially in younger women, while
the same phenomenon was not observed in the exemestane group. The vast majority (94%)
of participating women had also received adjuvant chemotherapy, and this subgroup was
actually the one to exert the higher benefit from combined treatment (disease-free survival
rates: 71.4% in the tamoxifen only arm vs. 76.7% for tamoxifen + OFS; HR 0.76 (0.6–0.97) vs.
80.4% for exemestane + OFS; HR 0.68 (0.53–0.88) in the SOFT trial. A large meta-analysis on
16 trials also concluded that GnRH agonists given in addition to tamoxifen, chemotherapy
or both appeared to be beneficial both in terms of recurrence and of death after recurrence
(relative risk reduction of 12.7% and 15.1% respectively) [15].

1.3.4. GnRH and Anthracyclines: An Understudied Combination

The encouraging body of evidence competing GnRH analogues and breast cancer
prognosis has led to the search and development of association drugs linking GnRH
analogues with doxorubicin: AN-152 (also known as AEZS-108) proved to be effective in
animal models and relatively safe to be tested in phase II and III trials [16,17]. Still, the sole
phase III trial designed for its use in breast cancer patients was terminated early due to poor
recruitment, so we have no information on its efficacy and toxicity in this population [18].

The issue with toxicity is of remarkable importance when it comes to anticancer treat-
ment, especially when it comes to the effect of these medications on cardiovascular health.
With regards to breast cancer, anthracyclines are by far the most renown cytotoxic agents
with major life-limiting cardiotoxic effects, which can appear quite early into treatment [19].
These effects mainly lead to myocardial dysfunction, and do appear to frequently hinder
the results obtained with chemotherapy, not only by reducing patients’ life expectancy but
also by significantly worsening their quality of life. In turn, by observing women’s decrease
in cardiovascular health following menopause, it is reasonable to suppose that GnRH
analogues may too exert a cardiotoxic effect, even though on a longer run and by means
of a different pathophysiology. Unfortunately, while this theme has recurred in several
studied conducted on the male population, in women the body of evidence is scarce and
limited. Still, it is possible to delineate a possible pattern of GnRH-related cardiotoxicity
by taking into consideration the risk factors and culprit mechanisms leading to one of the
main causes of myocardial dysfunction in the overall population, which is ischemic heart
disease. Combining the damage induced by ischemia to the one cause by chemotherapy
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could, in fact, further worsen the prognosis and life of women affected by breast cancer
and, thus, deserves our complete attention.

2. GnRH Analogues and Risk Factors for Ischemic Heart Disease
2.1. Insulin Resistance and Diabetes

Fertility status in women is known to influence the likelihood of developing insulin re-
sistance and diabetes, and this relation seems to be time-dependent. A recent meta-analysis
gathering data from 191,762 postmenopausal women across thirteen studies observed that
patients reaching menopause before 45 years of age (early menopause) and those with
premature ovarian insufficiency all had a higher risk of developing diabetes than those en-
tering their menopause later in life [20]. The potential impact of hormonal status in women
on diabetes risk is warranted by two main randomized control trials, namely the Women’s
Health Initiative Hormone Trial [21] and the Heart and Estrogen/progestin Replacement
Study [22]. Both studies found that hormonal therapy with estrogen and progestin led to
a statistically significant reduction in risk for diabetes in postmenopausal women. Fur-
thermore, data from 83,799 French women from the E3N (Etude Épidémiologique de
Femmes de la Mutuelle Générale de l’Education Nationale) cohort study showed that
longer exposure to physiological sex hormones had an inversely proportional association
with incidence of diabetes, whereas prolonged use of contraceptive pill increased the risk
of developing the disease by 33% [23]. Higher estrogen levels may, thus, act as protective
factors in preserving correct glucose metabolism: in animal models, estrogen receptors,
ER alpha and ER beta, have been detected in pancreatic beta cells, and prolonged expo-
sure to physiological levels of 17 beta-estradiol have shown to directly influence insulin
production and release [24]. Although such a direct relationship between estrogen levels
and insulin resistance was not completely confirmed in human subjects, with a possible
dose-dependent effect of sex hormones on risk for diabetes having been observed in smaller
studies, the overall evidence presented above justifies concern when considering ovarian
suppression treatment by GnRH analogues in premenopausal women affected by breast
cancer. Still, research in this field is scarce. In 2017, a study conducted by the Women’s
Health Initiative concluded that, while hysterectomy did significantly increase the risk of
developing diabetes, the same could not be said for bilateral oophorectomy, which is a
surgical form of OFS currently considered a valid alternative to GnRH analogues [25]. The
authors attributed this finding to the fact that OFS via oophorectomy led to a decrease in
both estrogen and androgen levels; thus, the latter phenomenon may have counterbalanced
the hyperglycemic activity of lower estrogen. However, it should be noted that GnRH
agonists seemingly worsened glucose metabolism in male patients treated for prostate
cancer (HR 1.44 for development of diabetes, p < 0.001) [26,27].

The potential synergistic action of GnRH analogues in combination with other forms
of ET, such as taxane and exemestane, should also be taken into account. In the ECOG trial,
patients administered with chemotherapy in combination with goserelin alone or goserelin
and tamoxifen, showed higher rates of diabetes than with chemotherapy alone [28]. An
adjunctive and enhancing action of GnRH analogues on a pro-diabetic effect of anthracy-
clines cannot be fully excluded. In fact, experimental pieces of evidence suggest a possible
connection between doxorubicin use, imbalanced insulin signaling, and cardiac insulin
resistance [29]. In a study conducted on a series of Wistar rats, it appeared that doxorubicin
administration significantly increased levels of insulin, glucose and FFA within only 72 h
from infusion. This was accompanied by a decreased expression of GLUT4 and AMPk α

(pT172), which participate in the mechanism of peripheral glucose uptake [30].
Future research is warranted to shed light on this still-foggy association between

GnRH analogues, chemotherapy, and insulin resistance. Development of diabetes mellitus
is a strong predictor for adverse cardiovascular events in women, having a direct impact
on both atherosclerosis progression [31] and microvascular dysfunction [32], and acting as
a potential trigger for myocardial ischemia even in the absence of obstructive disease [33].
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2.2. Lipid Metabolism and Dyslipidemia

The fact that serum estrogen levels do influence lipid metabolism has been docu-
mented before, but this association appears to be far from linear. Estrogen has been found
to directly interact with the hepatic cells and act as a regulating factor in the process of
fatty acids oxidation and very-low-density lipoprotein production (VLDL). In this regard,
it has been shown that, when compared with men, premenopausal women do present
lower concentrations of VLDL molecules, which, however, present a higher density than
those found in their male counterparts [34]. This leads to a more rapid VLDL turnover,
with an increased rate of reabsorption of this molecule from the bloodstream. This may
lead to the belief that lower levels of estrogen should unequivocally mean higher levels
of VLDL, lower turnover rates, and an overall worsening of lipid metabolic profile. How-
ever, this association cannot be confirmed with certainty based upon currently available
evidence [35–37]. When comparing premenopausal and postmenopausal women, one
would expect the latter to present a lipid profile much similar to that of men. Although
there are small differences in terms of LDL and apolipoprotein B-100 concentrations that
may be imputable to changes in hormone status throughout the course of life [38], several
studies suggest that dyslipidemia in postmenopausal women is mainly attributable to
change in body composition and insulin resistance. Similar observations can be made for
women affected by polycystic ovary syndrome [39,40]. These conflicting results reflect the
somewhat scarce and fragmented data we currently have on the effect of GnRH agonists
on the risk of developing dyslipidemia. In fact, the available studies on this issue date back
30 years [41–44], do not involve breast cancer patients specifically, and show conflicting
results. While the majority of them generally confirm an absence of lipid-related side effects
in the treatment with GnRH analogues [45], an early prospective study found that GnRH
analogues significantly increased total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), and triglycerides (TG) [46]. In a 2004 trial enrolling 100 premenopausal women
with symptomatic uterine leiomyomas, the authors compared the metabolic effects of
GnRH analogues alone or in combination with raloxifene, a selective estrogen receptor
modulator [47]. In the group of patients treated only with GnRH analogues, follow-up
levels of TC, HDL-C, LDL-C, and TG were significantly higher than in the group adminis-
tered with raloxifene as an add-back treatment, even though the lipid profile had worsened
in both treatment arms when compared to baseline. This, of course, remarks the impor-
tance of considering all therapeutic agents involved in treatment for breast cancer when
investigating risks. Tamoxifen, for instance, has been shown to increase serum levels of
HDL and lower those of LDL, thus counterbalancing potential adverse effects of GnRH
analogues [48,49]. Instead, even though evidence is limited, anthracyclines have shown
to be potentially detrimental for lipid metabolism. This association was initially observed
in animal studies, where doxorubicin induced a three-fold increase in LDL levels 14 days
after injection [50,51]. Anthracyclines have also appeared to be independently associated
with higher levels of triglycerides in a retrospective analysis conducted on 1934 patients
undergoing adjuvant chemotherapy [52].

The possibility of a synergic effect on lipid metabolism of GnRH analogues and anthra-
cyclines is still to be investigated, but, if proved, this phenomenon would further remark
the importance of an adequate lipid-lowering approach in breast cancer women undergo-
ing treatment. Rosuvastatin has already been studied in combination with doxorubicin,
and benefits both in terms of oxidative stress reduction and dyslipidemia control were
detected [51]. Future trials should further expand on the issue by comparing different
combined treatment strategies, including those with GNRH analogues.

2.3. Hypertension

In the ECOG trial [28], the addition of goserelin to cyclophosphamide and doxorubicin-
based chemotherapy significantly increased the risk of hypertension, a phenomenon that
seemed independent from the administration of tamoxifen.
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In male patients undergoing treatment for prostate cancer, GnRH analogues have been
associated with increased arterial stiffness, a phenomenon generally attributed to the fall of
androgen’s protective influence on vasodilation [53]. Estrogen exerts a similar action, as
suggested by the evidence of an acceleration in arterial stiffness one year following the final
menstruation [54]. The mechanisms underlying the association between pharmacological
or natural menopause and hypertension seem to be mainly related to a reduced production
of vasodilators like nitric oxide and PGI2 induced by the fall in estrogen levels. Estrogen
has also been shown to inhibit circulating renin and ACE and to downregulate ATi receptor
both in the hypothalamus and in peripheral tissues [55]. Ovarian suppression increases the
expression of ATi receptors, increasing blood pressure especially in salt-sensitive subjects.
Considering the risk of cardiovascular disease associated with hypertension, especially if
in association with other cardiovascular risk factors, active blood pressure monitoring and
dietary salt restriction could be advisable preventive strategies in women initiating GnRH
analogues for breast cancer treatment.

2.4. Obesity and Weight Gain

An increase in fat deposits has been subject to widespread research, especially on its
association with worsening cardiovascular health. Obesity has been shown to be related
with an increased risk of ischemic heart disease [56]. Throughout the years, some authors
have argued against the inclusion of overweight and obesity among the list of independent
predictors for cardiovascular disease, as it appeared that metabolically healthy obese
individuals, that is people with BMI over 30 and no other cardiovascular risk factor, did
not show increased likelihood of ischemic heart disease if compared with their normal-
weighted counterparts [57,58]. Still, there is a consistent body of research suggesting
that an increase in body fat deposits, especially if visceral, do act as a direct driver for
vascular damage and atherosclerosis [59]. In women, menopause comes with an increased
risk of weight and, even more so, with a redistribution of body fat towards visceral and
subcutaneous adipose tissue [60]. This change has been attributed to increased levels of
testosterone after menopause rather than a decrease in estrogen [61].

An increase in body weight has been widely observed following a breast cancer diagno-
sis and it is correlated with a poor prognosis. Although the possibility of a direct association
between breast cancer treatment and obesity has not been proven universally [62], the use
of GnRH analogues has been described to induce weight gain in several studies [5,28].
As obesity and overweight have been demonstrated to be independently associated with
a higher risk of cardiotoxicity derived from anthracycline treatment (pooled odds ratio
1.38 (95% CI, 1.06 to 1.80)), patients administered with GnRH analogues should be closely
monitored for prevention and prompt management of weight gain.

3. GnRH Analogues and Cardiovascular Outcomes: Ischemic Heart Disease and Left
Ventricular Dysfunction

The association between sex and ischemic heart disease is complex and multifaceted,
and the need to better understand the social and biological factors involved in this rela-
tionship has gained increasing attention over the past years. Atherosclerosis, which is
one of the main pathophysiological mechanisms underlying coronary artery disease and
ischemic heart disease, appears to be less pronounced in women under 60 years of age
when compared with men of similar age. Still, when considering the most severe form
of myocardial infarction, ST-segment-elevation myocardial infarction (STEMI), there does
not seem to be a significant difference in prevalence across sexes [63]. On the other hand,
several studies report increased mortality following STEMI in younger, but not in older,
women compared with men [64]. Although part of this difference could be explained by
disparities in treatment and psychosocial factors, increasing evidence supports the existence
of intrinsic, biological sex differences that could make STEMI particularly dangerous for
younger women [65]. Although it would be reductive to attribute all of these biological
features to the hormonal status of the patients, some aspects of the aforementioned dis-
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crepancies show connections with the effects of estrogen on peripheral tissues. One of said
connections could be that of estrogen and microvascular dysfunction [66]. Indeed, experi-
mental data on mice models suggest that estrogen may enhance the release of nitric oxide
(NO) and prostaglandin (PG) at microvascular level, thus favoring both flow-dependent
and pressure-dependent dilation of the arterioles.

An effect of sex hormones on the development and damage of atherosclerotic plaques
can also be hypothesized. In a recent study by Segeers et al., it was observed that, although
an overall analysis men and women presented comparable distribution of luminal plaque
morphology, sex differences appeared when stratifying the population by age [67]. Whereas
the proportion between cases of plaque ruptures and plaque erosions appeared to be similar
in men independently from age, women < 50 years had higher rates of plaque erosions than
their older counterparts. Moreover, in female patients rates of plaque ruptures significantly
increased with age, with a correspondent shift in plaque composition towards a thinner
fibrous cap. This is in accordance with previous evidence showing that higher estrogen
levels may exert an anti-inflammatory effect with regards to plaque rupture, but not plaque
erosion. In fact, estrogen is associated with higher levels of myeloperoxidase, hyaluronan
deposition, and CD 44 in activated smooth muscle cells. These molecules are also increased
in eroded plaques [68]. It derives that a physiological or pharmacologically induced
decrease in estrogen could lead to changes in plaque composition and in the epidemiology
and pathophysiology of ischemic heart disease in women. By inhibiting the secretion
of FSH and LH, GnRH analogues may on the one hand decrease the production of NO
and PG, thus enhancing microvascular reactivity, and on the other they could alter plaque
composition, making younger women at higher risk of plaque rupture. Additionally, GnRH
analogues do not seem to influence the risk of platelet aggregation, although evidence in
this direction is scarce: in a small study by Pinto et al., administration of buserelin did
increase levels of thromboxane A2, but this effect was not followed by higher levels of
thrombin or by an exacerbated tendency towards platelet aggregation [69].

Another element that suggests a potential impact on ischemic heart disease of GnRH
analogues is the fact that vasomotor symptoms like hot flushes are to date the most common
adverse effect of this drug. A large meta-analysis of 10 studies that included 213, 976 women
reported that the presence of this symptom and other menopausal symptoms was associated
with an increased risk of coronary heart disease (risk ratio 1.28, 95% CI 1.08–1.52) [70,71].

From an epidemiology standpoint, GnRH analogues have demonstrated the risk of
coronary heart disease (adjusted HR, 1.16; p < 0.001), myocardial infarction (adjusted HR,
1.11; p = 0.03), and sudden cardiac death (adjusted HR, 1.16; p = 0.004) [26] in men treated for
prostate cancer. However, despite the pathophysiological mechanisms mentioned above, in
female patients evidence is scarce and controversial. An observational study conducted on
172,850 female patients with breast cancer found that use of GnRH agonists was associated
with a reduced risk of ischemic heart disease (HR: 0.50; 95% CI: 0.39–0.64) [72]. However,
this analysis did not take into account the concomitant or sequential administration of
adjunctive medications that could have influenced outcomes, especially considering that the
study comprised cases ranging from 2000 to 2018. As demonstrated in the ATLAS trial, use
of tamoxifen is associated with a reduction in the risk of ischemic heart disease, even when
administering the drug for up to 10 years [73]. This could potentially imply an attenuating
effect on the pro-ischemic characteristics of GnRH analogues. In 2011, a randomized control
trial from the SOFT investigators compared the incidence of outcomes and complications
in premenopausal breast cancer patients undergoing treatment with tamoxifen alone,
tamoxifen in combination with ovarian suppression (either pharmacological or surgical),
or exemestane plus ovarian suppression. The results showed low rates of myocardial
ischemia at a 5-year follow-up in both arms taking tamoxifen (0.1% combined therapy vs.
0.4% tamoxifen alone). As, however, use of ovarian suppression seemingly increased the
incidence of most cardiovascular risk factors, the authors rightly concluded that longer
follow-up would be needed to assess potential differences in cardiovascular outcomes [74].
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Radiotherapy has too been linked to an increased risk of ischemic heart disease: in
a case-control study conducted by Darby et al., it was observed that the rate of major
coronary events increased by 7.4% for each adjunctive 1 Gy delivered to the heart (95%
CI, 2.9 to 14.5; p < 0.001) [75]. The development of radiation-induced coronary disease can
be explained by multiple mechanisms. Through the formation of free radicals, radiation
causes an endothelial injury in the coronaries, thus ensuing a proinflammatory state that
ultimately leads to ruptured vessel walls, platelet aggregation, thrombosis, and intima
fibrosis. These mechanisms appear to be enhanced by the use of other anticancer medica-
tions like anthracyclines. However, a comparable effect was not observed when analyzing
concomitant administration of radiotherapy and OFS [75].

Although there are no definite data on the role of anthracyclines in increasing risk
for ischemic heart disease, and especially on their synergistic effects when used combi-
nation with GnRH analogues, the cardiotoxic effects of this drug class are renowned and
well-documented. The main issue developed as a consequence of their use is hypokinetic
cardiomyopathy, whose first description dates back to 1967 [76]. As defined by the 2022
ESC Guidelines on Cardio-oncology [19], hypokinetic cardiomyopathy is characterized
by the manifestation of heart failure symptoms, either mild or severe, as well as a re-
duction in left ventricular ejection fraction, decline in global longitudinal strain, and/or
rise in cardiac biomarkers. Patients treated with anthracyclines show consistently higher
levels of cardiac troponins, which do further increase along with treatment prosecution.
This association suggests that direct myocardial injury is involved in the pathogenesis
of anthracyclines-induced cardiotoxicity. An increase in cardiovascular risk factors or a
possible pro-ischemic effect of GnRH analogues in women affected by breast cancer could
exacerbate the likelihood and severity of myocardial injury, thus inducing higher rates of
treatment-induced heart failure.

4. Conclusions

In conclusion, despite being a promising adjunctive treatment option for younger
female patients affected by breast cancer, GnRH analogues still do not have a fully char-
acterized risk profile, especially when it comes to cardiovascular health. Their potential
triggering action for the development of cardiovascular risk factors may induce higher
rates of ischemic heart disease in the long run, further exacerbating the already-known
cardiotoxic effects of anthracycline-based chemotherapy. Unfortunately, few studies have
thoroughly investigated this possibility in women, and tailored randomized control trials
with long follow-up are warranted to prove or dismantle evidence of this correlation. In the
meanwhile, women treated with GnRH analogues for breast cancer should be involved in
a strong primary prevention plan aimed at reducing the incidence of these collateral effects.
Encouraging heart-healthy lifestyle changes, such as maintaining a balanced diet, engaging
in regular physical activity, and avoiding smoking, is essential for premenopausal women
undergoing OFS.
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