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Introduction

Tyrosine kinase inhibitors (TKIs) are agents that inhibit multiple receptor tyrosine kinases that are implicated in tumour growth, neoangiogenesis and metastatic progression of cancer. The simultaneous inhibition of these targets leads to both reduced tumor vascularization and increased cancer cell death, and ultimately tumor shrinkage. Several multi target TKIs are approved and have been associated with thyroid dysfunction [1]. Although anticancer treatment with the TKIs frequently causes thyroid dysfunction, the underlying mechanism implicated along with related clinical features have not been fully elucidated until today.

Anticancer Mechanisms of Tkis Implicated to Thyroid Dysfunction

Angiogenesis, which is also implicated in thyroid function by increasing vascularity in the gland, is a complex process which is tightly controlled by a balance between proantigenic and an- tiangiogenic factors in healthy adults [2]. Angiogenesis is an essential process for tumour growth and metastasis [2]. Vascular endothelial growth factor (VEGF) is an important proantigenic growth factor which mediates its effects via two related tyrosine kinase receptors: VEGFR-1 and VEGFR-2 [3,4]. Thus given the important role of VEGF and platelet-derived growth factor receptor (PDGF) in angiogenesis, targeting of both VEGFR and PDGFR was investigated as part of an antiangiogenic strategy. VEGF and PDGF are important antigenic growth factors. Upon binding to cell-surface receptors located on endothelial cells and pericytes, the tyrosine kinase within the receptor is activated and an intracellular signalling cascade is initiated which results in cell proliferation, recruitment of endothelial cell precursors and the formation of new capillaries [3,5]. PDGF is also important proantigenic growth factor acting through binding to the tyrosine kinase receptors, PDGFRa and PDGFRp [3]. PDGFR-p signaling in pericytes is important for the maturation, maintenance and survival of established vessels [6,7]. Pericytes can be significant contributors to the survival of new endothelial cell tubes through direct cell-to-cell contact and paracrine signaling [8,9]. After inhibition of VEGF signaling, some normal capillaries regress in a systematic sequence of events initiated by a cessation of blood flow and subsequent apoptosis of endothelial cells, migration of pericytes away from regressing vessels, and formation of empty basement membrane sleeves that can facilitate capillary re-growth [10].

Tkis: Impact on Thyroid Function

Many studies clearly have demonstrated that TKIs, through blocking molecular pathways, could induce thyroid abnormalities including hypothyroidism and less often hyperthyroidism. A recent meta-analysis has demonstrated that TKIs already employed for the treatment of various cancers sunitinib, cediranib and axitinib have been found to be associated with a significantly increased risk of hypothyroidism. There was no difference on clinical presentation and endocrine parameters between sunitinib and cediranib induced hypothyroidism [11]. However, sunitinib seems to have a major impact on thyroid dysfunction compared to the other TKIs possibly related to its broader spectrum of tyrosine kinases targeting, including not only VEGFR2, but also VEGFR1 and the PDGFR. This specific sunitinib effect implies that all these three mediators play an important role during angiogenesis in the thyroid [12]. Consequently, there are many reports suggesting that sunitinib-induced persistent hypothyroidism may be a consequence of preceding destructive thyroiditis with transient thyrotoxicosis [13-15]. Kappers et al. [16] found a possible mechanism implicated in thyroid dysfunction and showed that sunitinib induces hypothyroidism due to alterations in thyroxine to triiodothyronine [T(4)/T(3)] metabolism as well as thyroid capillary regression [16].

Concerning other TKIs, a previous study has shown that there is an inappropriate elevation of serum thyrotropin levels in patients treated with axitinib, and a similar although less prominent tendency, in some patients treated with sunitinib or sorafenib [17]. It has been reported that axitinib may have more rapid impact on thyroid function compared to other TKIs agents [18]. Sorafenib related thyroid dysfunction is much less common compared to sunitinib, ranging between 20 and 36% [19]. Moreover, when the effects of axitinib were compared to sorafenib in patients with metastatic renal cell cancer, the reported incidence of adverse events including hypothyroidism were more commonly with axitinib [20]. Pazopanib was evaluated in a phase III study in patients with locally advanced or metastatic renal cell carcinoma, and it was found that the incidence of hypothyroidism was less than 10% [21]. Although treatment with imatinib was not associated with an increased incidence of thyroid dysfunction the number of patients studied was relatively small to make definite conclusions. [22]. A recent report showed that Graves' disease occurred after two different TKIs (sorafenib and imatinib), suggesting that it could be a rare but important class effect [23]. Finally, cabozantinib treatment commonly results in thyroid dysfunction that can vary from subclinical hypothyroidism to florid thyrotoxicosis. Early detection and characterization of cabozantinib-associated thyroid dysfunction and regular follow-up are essential to provide adequate management of this common adverse event [24].

Conclusion

In conclusion, following the increasing application of TKIs for the treatment of cancer it became apparent that thyroid dysfunction is probably a common effect of treatment with these agents. Thus, evaluation of thyroid function after TKIs initiation is essential. However there are still no clear established guidelines with regard to the treatment of thyroid dysfunction induced by TKIs.
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