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In this series we draw attention to medicines that have entered the European market with an entirely new mechanism of
action. Publication is not to be confused with endorsement of use in clinical practice. Copyright to the images belongs to
Leiden University, but use of the images (also available at http://coo.lumc.nl/trc and in the app store) is free.

Introduction

Metastatic melanoma has very poor prognosis and until recently only limited therapeutic options were available. Mutations in
the gene encoding BRAF kinase account for 40-60% of melanomas. The most common oncogenic mutation in BRAF kinase is
V600E. The V600K mutation is much less common. Recently, three new compounds that target specific components in the
RAS-RAF-MEK-ERK signal transduction pathway (the ERK pathway) have become available. These compounds are vemurafenib
(Zelboraf®) [1, 2], dabrafenib (Tafinlar®) [3] and trametinib (Mekinist®) [4].

Mechanism

The ERK pathway is an important regulator of several cellular processes, including proliferation, survival and differentia-
tion. The ERK pathway plays an important role in the tumourigenesis of a variety of different cancers by causing dysreg-
ulation of the RAS-RAF-MEK-ERK signalling cascade. GTP-bound RAS activates the RAF proteins. BRAF, a member of the
serine/threonine kinase family, activates the mitogen-activated protein/extracellular signal-regulated kinase (MEK), which
in turn phosphorylates and activates ERK. Ultimately, this pathway activates transcription factors that drive cell proliferation,
survival and differentiation (Figure 1A).

Vemurafenib and dabrafenib potently inhibit BRAF proteins containing the V600E or V600K mutation. Trametinib is an
allosteric inhibitor of MEK (Figure 1B).

Indication

Vemurafenib and dabrafenib are indicated for patients with non-resectable or metastatic melanoma associated with the
BRAF V600E mutation. The MEK inhibitor trametinib is also indicated for melanoma associated with BRAF V600E or V600K
mutations. Since 2014 trametinib has also been registered for use in combination with dabrafenib for the treatment of
patients with BRAF(V600E) or BRAF(V600K) melanoma.

Clinical application

Vemurafenib and dabrafenib prolong both progression-free survival and overall survival of melanoma patients and are
therefore promising options for patients with tumours that arise from a BRAF V600 mutation. In patients with metastatic
melanoma, combined therapy with dabrafenib and trametinib increases progression-free survival compared with treat-
ment with dabrafenib alone (median survival is 9.4 months vs. 5.8 months, respectively) [5]. Compared with treatment with
vemurafenib (which provides median progression-free survival of 7.3 months), combined therapy with dabrafenib and
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Figure 1

The RAS-RAF-MEK-ERK pathway and the mechanism of action of vemurafenib, dabrafenib and trametinib. Oncogenic mutations in the BRAF protein
cause overactivation of this pathway, leading to increased cell proliferation, cell survival, and angiogenesis (A). Vemurafenib and dabrafenib selectively
inhibit mutated BRAF proteins, whereas trametinib inhibits MEK and downstream ERK signalling. TF, transcription factor (B)

trametinib provides improved progression-free survival (median survival is 11.4 months) [6]. However, response rates are
highly variable and many patients develop resistance to ERK signalling inhibitors, possibly due to compensatory mechanisms
such as EGFR overexpression or an adaptive transcriptional response [7]. Other mechanisms that can confer resistance to treat-
ment include increased activity of the PI3K/AKT/mTOR pathway and upregulation of the ERK signalling pathway [1, 8].

Adverse effects

The most common adverse effects of vemurafenib are arthralgia, fatigue, rash, alopecia and photosensitivity. The most
common adverse effects of dabrafenib include papilloma, headache, cough and nausea. Finally, the most common ad-
verse effects of trametinib include rash, diarrhoea, fatigue, peripheral oedema and nausea. The prevalence of severe ad-
verse events is similar between combination therapy and monotherapy [6].
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