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Breast Cancer (BC) is the most frequently diagnosed malignancy and the second leading cause of cancer-related death
among women. Nowadays two distinct BC subtypes represent a critical clinical challenge: 1) HER2+ BC and 2) Triple
Negative BC (TNBC). The former is currently treated by targeted anti-HER 2 antibodies, but it is characterized by the
frequent onset of resistance leading to disease recurrence. The TNBC displays heterogeneity, immunogenicity and poor
prognosis and no targeted therapy is currently available. Hence, both BC subtypes are treated with cytotoxic chemotherapy
combined (HER2+-BC) or not (TNBC) with other targeted drugs [1].

Main achievements in breast cancer treatment would be obtained by the generation of smart drug delivery systems able
to allow a targeted release of chemotherapeutics in cancer cells. In this scenario, protein-based nanocages hold a tremendous
potential as devices for targeted nano-drug delivery [2].

In particular, apoferritin nanocages has emerged as an excellent and promising protein-based device thanks to its unique
architecture, surface properties and high biocompatibility [3, 4]. By exploiting natural recognition of the Transferrin Receptor
1, which is overexpressed on tumor cells [5], apoferritin nanocages may ensure a proper drug delivery and release [6], and
also the availability to a whole body treatment, thanks to its capability to cross the biological barriers [7]. Moreover,
researchers have applied surface functionalities on ferritin cages for further providing active tumor targeting [8].
Encapsulation strategies of non metal-containing drugs within ferritin cages have been explored and successfully performed
with encouraging results [9, 10]. Various preclinical studies have demonstrated that nanoformulation within ferritin
nanocages significantly improved the therapeutic index of encapsulated drugs, thanks to targeted treatment of cancer cell
and a reduced activity in off-target organs or tissues [11, 12]. Here, we report all the nanotechnological approaches
implemented for applying them to cancer treatment and the promising results obtained.
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