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ABSTRACT

Non-tamoxifen endocrine therapies used in hormone receptor (HR)-positive breast cancer
include aromatase inhibitors (letrozole, anastrozole, exemestane), selective estrogen receptor
degraders (fulvestrant), and gonadotropin-releasing hormone (GnRH) analogs (leuprorelin,
goserelin). Due to the high prevalence of depression in this patient population, antidepressant
use is common. While CYP2D6-mediated interactions between tamoxifen and antidepressants
are well established, interactions with other endocrine agents are less well defined and are
primarily based on pharmacokinetic and indirect pharmacodynamic mechanisms. Aromatase
inhibitors are metabolized via cytochrome P450 enzymes and have a theoretical interaction
potential with certain SSRIs/SNRIs that act as strong CYP inhibitors. However, current clinical
data are limited and heterogeneous, and the direction and magnitude of these interactions
remain uncertain. Available evidence suggests that any changes in drug levels are generally
modest; however, their impact on estrogen suppression has not been clearly established.
Exemestane, due to its CYP3A4-dependent metabolism, may be susceptible to
pharmacokinetically significant interactions with strong CYP3A4 inhibitors or inducers, and
clinically relevant changes in drug exposure cannot be excluded, although direct outcome data
remain limited. Fulvestrant, due to its wide therapeutic window and minimal enzyme inhibition,
appears to have a low potential for clinically significant interactions with antidepressants.
GnRH analogs do not undergo CYP-mediated metabolism and therefore CYP-mediated
pharmacokinetic interactions are not expected. However, a shared mechanism across these
therapies is estrogen suppression, which may influence serotonergic and other neurotransmitter
systems in the central nervous system and may contribute to neuropsychiatric symptoms such
as depression, anxiety, and sleep disturbances. These effects may, in turn, contribute to the need
for antidepressant treatment. In clinical practice, agents such as escitalopram, sertraline, and
venlafaxine are commonly preferred due to their lower interaction potential, whereas strong
CYP inhibitors such as fluoxetine and paroxetine may be less preferred or may warrant caution.
In conclusion, interactions between non-tamoxifen endocrine therapies and antidepressants
appear to be of limited clinical significance; however, given the potential for estrogen-
depletion—related neuropsychiatric effects, appropriate psychiatric management and a
multidisciplinary approach remain important in-patient care.
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INTRODUCTION

Hormone receptor (HR)-positive breast
cancer constitutes a significant proportion of all
breast cancer cases, and suppression of
estrogen signaling is the cornerstone of
treatment. The main endocrine agents used
other than tamoxifen include aromatase
inhibitors (letrozole, anastrozole, exemestane),
selective  estrogen  receptor  degraders
(fulvestrant), and  gonadotropin-releasing
hormone (GnRH) analogs (leuprorelin,
goserelin). These agents suppress tumor
proliferation by reducing estrogen effects
through different biological targets [1-3].

However, the prevalence of depression and
anxiety disorders in this patient group is
significantly higher than in the general
population. Contributing factors include the
psychosocial impact of cancer diagnosis,
chronic treatment burden, hormonal changes,
and especially the effects of estrogen deficiency
on the central nervous system [4,5]. In this
context, antidepressant use is common. While
CYP2D6-mediated  interactions  between
tamoxifen and antidepressants are well defined
[6], interactions with non-tamoxifen agents are

less clear and are mostly based on
pharmacokinetic and indirect
pharmacodynamic mechanisms [7]. This

review addresses the mechanisms of action of
these endocrine therapies, their potential
interactions with antidepressants, and their
common side effects in a comprehensive
manner (Table 1).

Aromatase Inhibitors

Mechanism of Action

Aromatase inhibitors (Als) act by inhibiting
the aromatase enzyme (CYP19A1), which
converts androgens into estrogens.

e [Letrozole and anastrozole are non-
steroidal and bind reversibly and
competitively to aromatase.

e Exemestane is steroidal
irreversibly, producing
inhibition.”

and binds
“suicide

As aresult, peripheral estrogen production is
suppressed by more than 90-95% in
postmenopausal women. While this controls
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tumor growth, it also leads to multiple systemic
side effects due to estrogen deficiency [8,9].

Pharmacokinetic Interactions

Als have varying relationships with the
cytochrome P450 (CYP) system [8—10]:

e Letrozole: inhibits CYP2A6 and
CYP2C19
e Anastrozole: weak  inhibition  of

CYPI1A2, CYP2C9, and CYP3A4

e Exemestane: mainly metabolized by
CYP3A4

e Since antidepressants also affect CYP
enzymes, theoretical interaction potential
exists [11]:

e Fluoxetine and paroxetine: strong CYP
inhibitors

e Escitalopram, citalopram, and sertraline:
weaker inhibitors

Limited preliminary data suggest that co-
administration of escitalopram and anastrozole
may increase plasma anastrozole levels;
however, the clinical relevance of this finding
remains unclear. Therefore, most interactions
remain pharmacokinetic and have limited
clinical consequences.

Pharmacodynamic Interactions

Estrogen is an important hormone regulating
neurotransmitter systems in the central nervous
system:

e Increases serotonin and
receptor expression
e Modulates dopamine and norepinephrine

pathways

synthesis

Estrogen deficiency due to Al use may lead
to impaired mood regulation [12]. However, the
relationship between estrogen deficiency and
mood disorders is complex and multifactorial,
involving  biological, psychological, and
treatment-related factors rather than a direct
linear association.

This creates a biological basis for depression
and increases antidepressant needs. Thus, the
most important interaction between Als and
antidepressants is indirect pharmacodynamic
rather than direct drug interaction.
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Table 1. Summary of Non-Tamoxifen Endocrine Therapies
y P
Mechanism of Metabolism Pharmac.okm(.etlc Pharmacodynamic Clinical
Class . Interaction with .
Action (CYP) . Effect Recommendation
Antidepressants
Non- Competitively Theoretical
steroidal inhibits CYP2A6, interaction with | Estrogen — 1 risk Prefer
Letrozole aromatase — | CYP2C19 SSRIs/SNRIs gen . .
aromatase o . of depression escitalopram/sertraline
inhibitor estrogen inhibition  (especially strong
synthesis CYP inhibitors)
Non- . Weak CYP Increased lfevels
. Reversible S reported with
steroidal inhibitor ) | Estrogen — Generally safe
Anastrozole aromatase escitalopram L
aromatase . . ., ... (1A2,2C9, .. .. mood effects combination
o inhibition (limited clinical
inhibitor 3A4) .
significance)
Steroidal Irreversible Potential
Exemestane| aromatase (suicide) CYP3A4  interaction with | Estrogen + mild Avoid strong
inhibitor aromatase substrate strong CYP3A4 androgenic effect ~CYP3A4 inhibitors
inhibition inhibitors
Selective Binds ER and No clinically
Estrogen induces significant Completg
Fulvestrant CYP3A4 . . suppression of Generally safe
Receptor receptor interaction estrogen sionalin
Degrader downregulation expected & & J
GnRH receptor Pharmacologic
. |GnRH desensitization CYP- . . & Antidepressant may
Leuprorelin . No interaction menopause — 1 .
analog — | LH/FSH independent L be required
depression risk
— | estrogen
Continuous
. GnRH stimulation - CYP- . . Ovarian function  Generally safe
Goserelin o ) No interaction . o
analog pituitary independent supression combination
suppression

Common Side Effects

Side effects of aromatase inhibitors are

mainly due to estrogen deficiency:

e Musculoskeletal:

arthralgia,

osteoporosis, increased fracture risk
e Vasomotor: hot flashes, night sweats

e Cardiometabolic:

increased cardiovascular risk

myalgia,

dyslipidemia,

Exemestane differs from other Als due to its

steroidal structure and irreversible inhibition.

Because it is metabolized via CYP3A4, there is

a theoretical interaction risk with strong
CYP3A4 inhibitors. However, clinical data

suggest these interactions are generally limited.
Its side effect profile is similar to other Als,

although:

e Neuropsychiatric: depression, anxiety,

cognitive slowing

Others: vaginal dryness, decreased libido
[8-10].

Exemestane may show mild androgenic
effects and different impacts on lipid
metabolism and bone health.

[13].

¢ mild androgenic effects
e different lipid changes may be observed
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Fulvestrant (SERD)

Mechanism of Action

Fulvestrant is classified as a selective
estrogen receptor degrader (SERD). Its
mechanism includes:

e high-affinity binding to  estrogen

receptors

¢ inhibition of receptor dimerization

e prevention of DNA binding

e receptor degradation via the ubiquitin-
proteasome system.

This results in decreased intracellular
estrogen receptor levels and effective
suppression of estrogen signaling [14].

Interactions with Antidepressants

Although fulvestrant is metabolized via
CYP3A4, it does not significantly inhibit
enzymes and has a wide therapeutic window
[15,16]. Therefore:

¢ no clinically significant interactions with
SSRIs or SNRIs are expected
e available limited data support its safety

Side Effects
Fulvestrant is generally well tolerated:

¢ injection site reactions

¢ hot flashes

e headache

e nausea

o fatigue

e mild elevation in liver enzymes [16].

Neuropsychiatric side effects are less

prominent compared to Als.

GnRH Analogs
Mechanism of Action

GnRH analogs such as leuprorelin and
goserelin initially stimulate the pituitary gland
but with continuous use cause receptor
desensitization:

e suppression of LH and FSH secretion

e cessation of ovarian estrogen production

e This process is  described as
“pharmacological menopause” [17].
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Pharmacokinetic Interactions

These agents are peptide-based and are not
metabolized by the CYP system. Therefore,
classical CYP-mediated pharmacokinetic
interactions are not expected. However,
available evidence regarding potential drug—
drug interactions is limited, and clinically
relevant interactions cannot be entirely
excluded [17,18].

Pharmacodynamic Interactions

Pharmacokinetic drug—drug interactions are
unlikely, however, pharmacodynamic effects,
particularly those influencing mood and central
nervous system function, may still be clinically
relevant. Sudden estrogen decline may cause:

* depression

* irritability

* sleep disturbances

These neuropsychiatric symptoms may
significantly  increase = the need  for
antidepressant treatment [19].

Side Effects

GnRH analogs produce a menopause-like
side effect profile:

hot flashes, sweating

vaginal dryness

decreased libido

reduced bone mineral density
mood changes [18].

Antidepressant Selection: Clinical
Approach

When selecting antidepressants in non-
tamoxifen endocrine therapy, the main
principles are:

e Relatively safe options: escitalopram,
sertraline, venlafaxine. These have lower
CYP interaction potential and lower risk
of drug interactions.

e Agents requiring caution: fluoxetine and
paroxetine (strong CYP inhibitors),
duloxetine (interaction potential via
CYPI1A2 and CYP2D6).

Unlike tamoxifen, CYP2D6 inhibition is not
a critical factor; however, general
pharmacokinetic balance should still be
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considered. The most important clinical reality
is: untreated depression poses a greater risk
than potential drug interactions. Untreated
depression is associated with reduced treatment
adherence and may be linked to poorer
oncological outcomes [4,5].

Interactions between non-tamoxifen
endocrine therapies and antidepressants are
mostly mild to moderate pharmacokinetic
changes and rarely lead to clinically significant
outcomes. However, the key clinical issue is
neuropsychiatric effects due to estrogen
deficiency and the development of depression
and anxiety. Therefore, clinical management
should focus not only on drug interactions but
also on comprehensive assessment and
treatment of the patient’s psychiatric condition.

Practical Considerations for Antidepressant
Use in This Setting: The following
considerations are based on pharmacological
principles and clinical experience rather than
formal guideline recommendations.

e Commonly preferred agents:
escitalopram, sertraline, and venlafaxine,
due to their relatively low to moderate
CYP interaction potential, favorable
tolerability profiles, and extensive
clinical use.

e Agents that may be considered in selected
cases: citalopram (with attention to QT
interval prolongation) and duloxetine
(due to its involvement in multiple CYP
pathways).

e Agents that may be less preferred:
fluoxetine and paroxetine, given their
strong CYP inhibitory effects and the
potential for pharmacokinetic
interactions.

CONCLUSION

Non-tamoxifen endocrine therapies such as
letrozole, anastrozole, exemestane, fulvestrant,
and GnRH analogs suppress estrogen signaling
through different mechanisms in breast cancer
treatment. Their interactions with
antidepressants are generally limited, mostly
occurring at the pharmacokinetic level, and
rarely lead to clinically  significant
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consequences. However, due to the regulatory
role of estrogen in the central nervous system,
these therapies increase the risk of depression.
This makes antidepressant therapy an integral
component of oncological treatment. In clinical
practice, agents such as escitalopram and
sertraline are preferred, while strong CYP
inhibitors should be used cautiously.

In conclusion, the optimal approach in this
patient group should include individualized
psychiatric evaluation, appropriate
antidepressant selection, and multidisciplinary
treatment management rather than focusing
solely on drug interactions [20].
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