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DEAR EDITOR, About 40 — 50% of cutaneous melanomas have activating BRAF
mutations that are reachable with targeted therapy and combined BRAF-MEK
inhibition improves clinical outcomes in advanced BRAF V600E/K-mutant
melanoma®. Three combinations are FDA-approved for this indication: dabrafenib-
trametinib, vemurafenib-cobimetinib and encorafenib-binimetinib. The K601E
mutation comprises approximately 3% of BRAF mutations in patients with
melanoma®. This ¢.1801A>G mutation results in an amino acid substitution from
lysine to glutamic acid in the activation segment of the kinase domain and patients
with metastatic melanoma harbouring this mutation have been successfully treated
with  MEK inhibitor monotherapy®. BRAF inhibitors can partially block ERK
phosphorylation in ectopically expressed BRAF K601E mutants® but it remains
unclear whether targeting BRAF in addition to MEK would result in more robust

tumour growth inhibition.
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To assess whether adding dabrafenib to trametinib would result in additional pERK
inhibition in BRAF K601E-expressing mutants, we transfected a triple wild type
melanoma cell line (MMO0O01) with an empty vector (mock) or a vector carrying wild
type, V60OE-mutant or K601E-mutant BRAF. BRAF was overexpressed in all three
conditions (Fig. la). Cells were subsequently treated for 24 hours with DMSO
(control), trametinib 10 nM, dabrafenib plus trametinib 50-10 nM or dabrafenib 50 nM
(Fig. 1b) — concentrations reported to be within the range of trough plasma in a
clinical context®: the combination of dabrafenib plus trametinib suppressed ERK1/2
phophorylation more effectively than either inhibitor alone.

We subsequently developed a patient-derived xenograft (PDX) model from a
cutaneous metastasis harbouring a BRAF K601E mutation. Mice were randomised
to be treated with either trametinib (0.3 mg/kg/day) (n = 3) or dabrafenib plus
trametinib (30 — 0.3 mg/kg/day) (n = 3) via daily oral gavage. Tumours were
measured every other day. Based on tumour growth analysis, dabrafenib plus
trametinib was more effective than trametinib alone (p < 0.001 for treatment
allocation and time, two-way ANOVA, Fig. 1c). There was a higher tumour volume
reduction in mice treated with dabrafenib plus trametinib compared with those
treated with trametinib alone (mean: -59 versus -22%, p = 0.100 Mann-Whitney, Fig.
1d) and a longer median duration of response (32 versus 20 days, p = 0.0628
Mantel-Cox, Fig. 1e).

A 67-year-old man had a 1.2 mm thick non-ulcerated lentiginous melanoma resected
on the scalp in 2011. In 2015, a resection of a melanoma skin metastasis was
carried out. DNA sequencing revealed a BRAF c.1801A>G (p.K601E) mutation in
60% of the reads. NRAS/KRAS was wild type for codon 12, 13 and 61. The above-

described PDX model was developed from this lesion.
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In August 2015, the patient developed two brain metastases that were treated with
stereotactic radiosurgery. By November 2015, the disease progressed with a new
brain, lymph node, muscle and liver metastases necessitating systemic treatment.
Based on the unavailability of anti-programmed cell death protein 1 (PD-1)
antibodies as a first-line treatment at that point in time, evidence of targeted therapy
being effective in this genotype and fast disease kinetics, dabrafenib plus trametinib
was commenced. The patient achieved a partial response according to RECIST 1.1:
-70% (sum of target lesions) with a decrease in fluorodeoxyglucose avidity in
multiple lesions (Fig. 1f-i). He experienced no grade 3 or 4 toxicities. After 4 months
of dabrafenib plus trametinib, the patient progressed intracranially and second-line
treatment with pembrolizumab was initiated with stable disease as best response
during one year. Because of progressive brain metastases in April 2017, the patient
was rechallenged with the BRAF-MEK combination resulting in a renewed partial
response (-42%) (Fig. 1j-m).

In this study, we found that in a BRAF K601E-mutant patient-derived melanoma
xenograft, dabrafenib plus trametinib inhibited tumour growth more effectively than
trametinib alone. The patient from whom the xenograft was derived responded to the
same combination and a recent report demonstrated an objective response to
BRAF-MEK inhibition in a patient with advanced melanoma harbouring this
mutation®. It is also noteworthy that, in terms of therapeutic implications, the K601E
mutation does not only occur in melanoma but has also been reported in 4 out of 26
cases (15.4%) of BRAF-mutant non-small cell lung cancer’ and also comprises 5.3%

of all BRAF mutations found in thyroid tumours®.
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We conclude that when confronted with rapidly progressive BRAF K601E-mutant
advanced melanoma refractory to anti-PD1-based immunotherapy, targeted therapy
with a MEK inhibitor — alone or in combination with a BRAF inhibitor — constitutes a
valuable therapeutic option. Our report indicates that preclinical models can provide
relevant information in answering drug responsiveness questions which, in this case,
could lead to further exploration of the BRAF-MEK combination in advanced BRAF

K601E-mutant melanoma.
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Fig. 1: In vitro and in vivo assessments as well as radiological images
illustrating combined BRAF-MEK inhibition in BRAF K601E-mutant melanoma.
(a) Western blot analysis for BRAF expression after transfection with mock, BRAF
WT, BRAF V600E or BRAF K601E-carrying vectors. (b) Western blot for ERK1/2
phosphorylation (Thr202/Tyr204) after transfection and subsequent treatment with
DMSO (control), trametinib (T) alone, dabrafenib plus trametinib (DT) and dabrafenib
(D) alone. (c) Tumour volume relative to baseline (mean with standard deviation) in a
BRAF K601E-mutant patient derived melanoma xenograft treated with DT versus T
alone, (d) mean tumour volume reduction (%) and (e) time to progression (days).
Brain MRI before (f) and after 2 months (g) of the first treatment course with DT.
PET-scan before (h) and after 1 month (i) of the first treatment course with DT
(fluorodeoxyglucose uptake in lung, liver and muscle metastases). MRI before (j) and
after 2 months (k) of rechallenge with DT. A chest CT scan before (I) and 2 months

after rechallenging with DT (m).
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