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Background: The combination therapy of BRAF inhibitors (BRAFis) and MEK
inhibitors (MEKis) has been approved as a first-line treatment for metastatic
melanoma with BRAF V600 mutants. Recently, BRAF mutations have been
divided into three subtypes based on biochemical and signaling characteristics.
Unlike V600 mutants that show class I BRAF mutations, evidence of the effects of
using BRAF inhibitors and MEK inhibitors in patients with non-V600 BRAF mutations
remains unclear. The exploration of effective therapy for non-V600 BRAF mutations
in melanoma has thus attracted much interest.

Case presentation: We reported a case of a 64-year-old female metastatic
melanoma patient with a novel BRAF p.L485–P490 deletion mutation. The
patient received anti-PD1 agent pembrolizumab (100 mg) therapy as the first-line
treatment for two cycles, which was terminated due to an intolerable adverse effect.
Considering the p.L485–P490 deletion mutation signal as an active dimer which is
akin to a class II BRAF mutation, the patient underwent dabrafenib and trametinib
combination therapy as a second-line treatment. After two cycles of combination
treatment, the patient achieved a partial response confirmed by radiological
examinations. At the last follow-up date, the patient had obtained over
18 months of progression-free survival, and the treatment was well tolerated.

Conclusion: The combination therapy of dabrafenib and trametinib has been proven
to be an effective method as a later-line therapy for metastatic melanoma patients
with class II BRAF in-frame deletion mutations.
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1 Introduction

In recent years, the mortality rate of melanoma has decreased by 7% annually due to the
development of targeted therapies (Siegel et al., 2020). Approximately 40%–50% of melanoma
patients have presented mutations in BRAF, and the substitution of valine with glutamic acid
(termed as the V600E mutations) is reported in about 80% of melanoma patients with BRAF
mutations (Davies et al., 2002). Currently, targeted therapies, including immune checkpoint
inhibitors, BRAF inhibition therapy, and MEK inhibition therapy, have been approved for use
as a first-line treatment inmetastatic melanoma patients who carry BRAF oncogenicmutations (Bai
and Flaherty, 2021). In contrast, non-V600 mutations are considered to be rare variants of BRAF
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which are present in 5%–15% of the population of melanoma (Dankner
et al., 2018a). Although growing evidence has verified the benefit
outcomes obtained from the combination therapy of BRAF inhibitors
(BRAFis) and MEK inhibitors (MEKis) in BRAF V600 mutations (Long
et al., 2014), however, the efficacy of BRAFis and MEKis in non-V600
mutationmelanoma remains unclear. Nikanjam et al. found that patients
with non-V600 E/K mutation presented poorer prognosis than the
standard BRAF variants; nonetheless, 63% of non-V600E/K-mutation
melanoma patients also obtained a clinical response (Nikanjam et al.,
2021). Recently, BRAF mutations were divided into three subtypes based
on three important biochemicals and signaling aspects of these mutants
(Yao et al., 2015; Dankner et al., 2018a). Class I mutations refer to BRAF
V600 variants, which act as RAS-independent monomeric substances.
Non-V600 mutations denote class II and III subtypes with high and low
kinase activities, respectively (Yao et al., 2017). Johnson DB et al. found
that some class II BRAF mutations could benefit from BRAFi and/or
MEKi treatment, and class III mutations showed limited response to the
aforementioned therapies (Johnson and Dahlman, 2018).

In this case study, we report a class II BRAF rare mutant metastatic
melanoma patient who has benefited from the BRAFi and MEKi
combination therapy. The patients obtained progression-free survival
(PFS) for 18 months at the last follow-up in March 2022.

2 Case presentation

A 64-year-old female patient who underwent laser therapy
because of plantar melanocytic nevus in September 2017 was

assessed; after 2 years, in October 2019, an isolated enlarged mass
presented in the inguinal region and the pathological biopsy by
surgical resection demonstrated lymph node metastatic melanoma
(Figure 1A). PD-L1 [programmed cell death ligand 1: the tumor
proportion score (TPS) of 60% and combined positive score (CPS)
of 65%] and low tumor mutational burden (TMB) could be
determined by the next-generation sequencing analysis. In addition,
microsatellite stability and p.L485–P490 deletion mutation of BRAF
were also found in this patient (Figure 1B). No other intervention was
conducted after resection. In June 2020, an enhanced enlarged lymph
node in the right inguinal region and the left cervical region was
detected by contrast-enhanced computed tomography (CT), which
indicated melanoma metastases (Figure 1C). Lactate dehydrogenase
(LDH) of the patient was within normal limits (179 U/L), and the
clinical stage was rcT0N0M1a based on the American Joint
Committee on Cancer (AJCC) version 8.0.

The patient underwent two cycles of anti-programmed cell death 1
(PD-1) with the antibody pembrolizumab (100 mg) as the first-line
treatment (Figure 2A). After the second infusion of pembrolizumab,
the treatment was stopped because of immune-related adverse events
in the form of grade II myocarditis. In September 2020, after recovery
from myocarditis, the target lesion located in the right inguinal region
of the patient was found to be progressed by contrast-enhanced
abdominal CT with the PFS for 2.5 months. The patient presented
p.L485–P490 deletion mutation of BRAF which has only been
mentioned in the cell lines of pancreatic and ovarian cancers. This
novel BRAF in-frame deletion was classified as a class II BRAF
mutation that might benefit from the BRAFi and MEKi

FIGURE 1
Melanoma history and gene status of the patient at baseline. (A) Immunohistochemistry and (B) next-generation sequencing results of the inguinal region
mass biopsy. (C) Contrast-enhanced CT showed enhanced lymph nodes in the right inguinal region and the left cervical region at baseline.
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combination therapy (Chen et al., 2016; Johnson and Dahlman, 2018).
Thus, the patient underwent the combination therapy of dabrafenib
(150 mg BID) and trametinib (2 mg QD) as a second-line treatment
(Figure 2B). After two cycles of the combination therapy, significant
regression of the target lesion in the inguinal region exhibited a partial
response, as evinced by contrast-enhanced CT. The patient perceived
that the symptoms of fatigue and inguinal region discomfort were
significantly relieved. Until the last follow-up in March 2022, the PFS
of the patient was over 18 months, and the target lesion still showed a
partial response to the combination therapy (Figure 2C). The patient
tolerated the combination therapy well, and only grade I fatigue was
noted.

3 Discussion

Research indicated that melanoma patients who exhibited class I
BRAF mutations could benefit from BRAFi or MEKi therapy. By

comparison, class II mutations refer to non-V600 mutants that act as
RAS-independent activated dimers which have intermediate kinase
activities in activating the mitogen-activated protein kinase (MAPK)
pathway compared to oncogenic RAS and BRAF-V600E/D mutants
(Wan et al., 2004). Based on the location, class II mutations were
divided into two subgroups located in the activation segment or
P-loop. Commonly reported sites of BRAF class II mutations were
L597/K601 in the activation segment and G466/G469 in the P-loop
(Dankner et al., 2018a; Johnson and Dahlman, 2018). Class III
mutations (G446/N851/D594/G596) show impaired kinase activity
and increased MAPK signaling by wild-type RAF heterodimers (Wan
et al., 2004; Yao et al., 2017). In this study, we reported a metastatic
melanoma patient who presented BRAF p.L485–P490 deletion
mutation.

The L485–P490 deletion mutation was first detected in the cell
lines of the pancreatic, lung, and ovarian cancers, which is a novel
BRAF in-frame deletion near the αC-helix region of the kinase domain
and functions as a BRAF homodimer. Because the deletion and these

FIGURE 2
Medical imaging examination during the treatment period. (A) Progression disease (PD) confirmed by CT after two cycles of the first-line treatment. (B)
Contrast-enhanced abdominal CT showed that the target lesion presented partial response (PR) to the dabrafenib and trametinib combination treatment. (C)
Treatment summary of the metastatic melanoma patient with BRAF p.L485–P490 deletion mutations.
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mutant signals act as active dimers, L485–P490 deletion mutation was
classified as a class II BRAF mutation (Yaeger and Corcoran, 2019;
Song et al., 2022). In addition, the MAPK activation mediated by
L485–P490 deletion mutation was resistant to RAF monomer
inhibitors, such as vemurafenib, but sensitive to an RAF dimer
inhibitor (Chen et al., 2016). Such a phenomenon was attributed to
the fact that RAF inhibitors are preferred to bind to the inactive αC-
out conformation instead of the active αC-in conformation of these
mutations (Foster et al., 2016; Karoulia et al., 2016). As a rare class II
BRAF mutation, there is insufficient evidence to select subsequent
treatment for metastatic melanoma patients beyond first-line anti-PD-
1 therapy. Kim et al. discovered that MEKis could induce a remarkable
response to melanoma in patients with non-V600 BRAF mutations
(Kim et al., 2013); however, due to the limited class II mutation
frequency in melanoma, clinical trials which focus on the evaluation of
the efficacy of a single agent BRAFi or MEKi in treating such a
population remain rare. A recent phase II study evaluated the efficacy
and safety of trametinib in advanced melanoma patients with non-
V600 mutations. The result showed that the tumor objective response
rate was 33%, median PFS was 7.3 months, and most responses were
detected in class II mutations (22%), suggesting trametinib might be a
choice for non-V600 BRAFmutant melanoma patients (Nebhan et al.,
2021). Based on both in vitro and in vivomodels, Dankner et al. found
that class II BRAF mutations could benefit from a BRAFi and MEKi
combination treatment rather than using a single MAPK inhibitor. In
addition, researchers also reported two melanoma patient-derived
xenografts harboring the BRAF L597 mutations obtained a
temporary response and control of metastases from dabrafenib and
trametinib (Dankner et al., 2018b). Although there is no direct
evidence in treating melanoma with BRAF L485–P490 deletion
mutations, which is analogous to class II mutants, the combination
of BRAFis and MEKis may be an optimal therapy. Surprisingly, the
patient achieved over 18 months of PFS, which was far more than the
median PFS (3–7 months) of previous studies on BRAFi and MEKi
therapy in treating non-V600 BRAF mutation melanoma (Menzer
et al., 2019; Nebhan et al., 2021). These results suggest that
combination therapy was a potential treatment strategy for
melanoma patients with BRAF in-frame deletion mutations.

4 Conclusion

In conclusion, we presented a case of a metastatic melanoma
patient with a novel L485–P490 deletion mutation who underwent
dabrafenib and trametinib combination therapy as a second-line
treatment and obtained over 12 months’ clinical response. The
BRAFi and MEKi combination therapy might be an efficacious
method for melanoma patients with rare deletion mutations of the
BRAF oncogene. Indeed, this single case is not enough to reflect the

landscape of BRAF deletion mutant melanoma, and further
investigation by clinical trials is necessary. This study may provide
new insights into treating metastatic melanoma patients with rare class
II BRAF mutations.
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