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Abstract: Despite multimodal treatment, the prognosis of brain metastases (BM) remains
limited, with a survival of only a few months. In this report, silibinin (or silybin), a natural
polyphenolic flavonoid isolated from seed extracts of the herb milk thistle, is discussed as
a potential therapeutic option for the treatment of BM. This molecule has an anticancer
effect, blocking the migratory and invasive properties of neoplastic cells. This mechanism is
focused on controlling the signal transducer and activator of transcription 3 (STAT3)-
mediated pathway. STAT3 plays a major role in the growth of tumors and leads to metastasis,
including BM. The promising but preliminary clinical results achieved by silibinin on lung
cancer BM suggest new opportunities for combined treatment with radiotherapy and/or
temozolomide, not just to limit severe neurological symptoms but also to control clinical
progression of the disease.
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Brain metastasis (BM) continues to represent a dramatic event that influences the
prognosis of cancer patients, reducing their survival significantly. The involvement
of systemic disease, the patient’s performance status and age, and the number,
location, size, and histology of the tumors may influence the prognosis and the
therapeutic options. Recent treatment modalities include symptomatic care, such as
antiepileptic drugs and corticosteroids, and definitive treatment.' However, despite
the incredible progress made in the treatment of tumors with new drugs such as
immunotherapy, treatment choices are limited, and a small percentage of patients
may benefit from surgery or radiosurgery. Whole brain radiotherapy (WBRT)
represents an important choice for the majority of patients with BM, as it reduces
symptoms and improves or stabilizes neurocognitive function; however, it is asso-
ciated with poor survival, and temporary control of BM is achieved in half of the
patients. However, long-term survivors have a high risk of developing neurocogni-
tive disorders that impact their quality of life, and for this reason stereotactic
radiosurgery is increasingly used in several countries.

Traditional chemotherapy has had a limited role thus far, while targeted thera-
pies in specific molecular subgroups are increasingly being employed.” The blood—
brain barrier, and incomplete knowledge of its properties and characteristics,
represents one of the main obstacles. Therefore, it is crucial to increase the capacity
of drugs to accumulate in brain tissue in adequate concentrations to induce anti-
proliferative effects. Certainly, promising data have

emerged regarding
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chemotherapeutic molecules such as temozolomide
(TMZ), especially for primitive central nervous system
tumors such as glioblastoma.® Several clinical trials have
been performed to investigate the association of TMZ and
WBRT for the treatment of BM.* Unfortunately, TMZ has
proved to be completely ineffective against lung cancer
BM. For this reason, it does not represent a gold standard
in the clinical practice for the treatement of primary lung
cancer.

Patients with BM who have oncogenic drivers, includ-
ing EGFR and ALK, may receive next-generation targeted
therapy that is effective against central nervous system
disease. In selected cases, immunotherapy may also
achieve disease control for BM.” Molecular target thera-
pies, despite high expectations, did not provide clear
improvement in the medical treatment of BM, with few
exceptions.® Nevertheless, the control of symptoms,
together with the improvement in the quality of life, con-
tinues to represent the primary objective to study further.

Based on the discussion thus far, the recent scientific
advances regarding silibinin (or silybin), and its efficacy
against BM, deserve our attention and offer new stimuli
for research and study. Silibinin inhibits the invasive capa-
cities of metastatic cells, confirming that it possesses antic-
ancer properties both in vivo and in vitro.”® This molecule
has been shown to exert anticancer efficacy in well-known
cancers, such as lung cancer, prostate cancer, colon cancer,
bladder

carcinoma.’ Silybin, alone or in association with sorafenib,

breast cancer, cancer, and hepatocellular
was shown to induce a cooperative antitumor action on the
hepatocarcinoma cell line HepG-2, upregulating secretory
tumor-suppressive miRNAs and downregulating secretory
oncomiRNAs by secondary lipid metabolite production.'”
A 2021 study confirmed the antineoplastic activity of
silibinin, which inhibited the growth of lung adenocarci-
noma in vitro and in vivo. Silibinin is a newly discovered
inhibitor of TMEMI16A, a novel lung cancer biomarker,
which is closely related to the sustained proliferation of
cancer cells. The authors showed that the inhibition of
cancer growth is mediated by the phosphorylation of
MEK1/2 and ERK1/2, and further reduces the expression
of cyclin D1."

This natural polyphenolic flavonoid inhibits multiple
cancer cell signaling pathways, angiogenesis, regulation of
epithelial-to-mesenchymal transition (EMT), adhesion,
motility, and invasiveness.'?

Silibinin inhibits signal transducer and activator of
transcription 3 (pSTAT3) in several cancer models, such

as prostate, breast, skin, and lung.'>'* Several reports (up
to 2007) have reported the role of this molecule in redu-
cing the constitutive STAT3 phosphorylation.'”

The dysregulation and malfunction of STAT3 contri-
bute to cancer initiation and progression, and are involved
in the tumor/metastasis-initiating capacity and resistance
to therapy.'® STAT3 has been shown to be important in
BM, and it plays a central role in the control of a few
molecules in the microenvironment, such as CD8" T cells,
reactive astrocytes, and microglia, during metastatic colo-
nization of the brain. A genetic approach, targeting STAT3
specifically in reactive astrocytes, was able to reproduce
the benefit obtained with silibinin, which suggests that the
main role of silibinin is derived from the protumorigenic
role of this subpopulation of the microenvironment.'’

In contrast to first-line treatment, the treatment for recur-
rent or progressive BM is not unanimously accepted and
shared, especially for symptomatic patients with poor perfor-
mance status, for whom only supportive and symptomatic
care is preferred to preserve their quality of life. The use of
supportive therapy with supplements for cancer patients is
common, although these therapeutic options are not recom-
mended by oncologists, who do not consider them useful for
the improvement of tumor symptoms.'® A study investigat-
ing the benefits of the silibinin-based nutraceutical Legasil®™
resulted in significant improvement in patients with non-
small cell lung cancer after WBRT and chemotherapy and
who had presented poor performance status.'® The use of this
therapeutic option for the treatment of BM is also corrobo-
rated by evidence of a documented antiedema activity of
silibinin. In an experimental mouse model of ischemic
stroke, the administration of silibinin achieved a significant
improvement in neurological symptoms, with a reduction in
edema and improvement in motor functions.”” These proper-
ties of silibinin open up new scenarios for combined treat-
ment with radiotherapy, not only with the aim of controlling
the severe neurological symptoms but also with the more
ambitious aim of controlling the progression of the disease.
Priego et al achieved promising results with Legasil in heav-
ily pretreated patients with BM, confirming the benefits of
this therapy in patients with BM.?' The investigators demon-
strated a clear improvement in overall survival in the group
of BM patients treated with Legasil (18 patients) versus the
control cohort: 15.5 months versus 4 months, respectively. In
these experiments, the authors used a specific formulation of
silibinin (Eurosil85) as part of the nutraceutical Legasil,
created to improve its very poor bioavailability. This was
predicted to make significant differences to their transport
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and blood-brain barrier permeability compared with other
formulations derived from silibinin. This formulation may
account for the effective activity of such a specific formula-
tion of silibinin against BM, as it crossed the blood—brain
barrier.?* The favorable toxicity profile and few side effects
make it relatively easy and desirable to further study these
ambitious but preliminary results through randomized stu-
dies aimed at better understanding the role of silibinin, both
alone and in association with radiotherapy or other anticancer
drugs that are effective against lung cancer, for the treatment
of lung cancer BM.
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