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Essential Information for Therapeutic Decision Making

What does BRAF testing tell us about melanoma?

BRAF is a gene that encodes for the serine/threonine-protein kinase BRAF. BRAF is part of the
mitogen-activated protein kinase (MAPK) pathway. About 50% of melanomas carry the mutated form
of BRAF. BRAF-mutated forms of melanoma tend to be more aggressive than forms of melanoma that
do not contain the BRAF mutation (wild-type tumors). Targeted therapy with BRAF/MEK inhibitors can
be used to treat BRAF-mutated melanomas.

Is BRAF the only mutation that can be targeted specifically in melanoma?

No. Other genetic mutations can be targeted. MEK inhibitors, which are frequently used in combination
with BRAF-targeted therapies, work by targeting the signaling MAPK pathway downstream of BRAF.
Now, with targeted exome sequencing, we can more easily recognize other therapeutic targets in
melanoma. For example, a small proportion of melanomas carry mutations in c-KIT. Though rare,
c-KIT mutations are present in some acral melanomas and mucosal melanomas (such as occurring on
the anorectal region, vagina, or mouth). They can also occur in cutaneous melanomas, particularly in
areas of chronic sun damage. Imatinib or nilotinib can be used to target c-KIT mutations. Similarly, a
small proportion (<1%) of patients with melanoma harbor a neurotrophic tropomyosin receptor tyrosine
kinase (NTRK) gene fusion. For such patients, an FDA-approved NTRK inhibitor, such as larotrectinib,
would be appropriate.

Further Reading:

Ponti G, Manfredini M, Greco S, et al. BRAF, NRAS and C-KIT advanced melanoma: clinico-pathological
features, targeted-therapy strategies and survival. Anticancer Res. 2017;37:7043-7048. doi:10.21873/
anticanres.12175
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When should the BRAF test be ordered?

The BRAF test should be ordered at the time of diagnosis of Stage Ill or Stage IV disease. Some patients
with Stage Il disease might be tested as part of a clinical trial.

What type of tissue is required?

A biopsy is required to confirm metastatic disease. Therefore, it’s possible to use freshly acquired tissue
or archival tissue for patients with metastatic disease. If the primary tissue is being considered for testing,
it's reasonable to use that sample if the tumor is thick enough to include the clones that were ultimately
metastatic. However, if the patient had multiple prior melanomas, it might be best to wait for biopsy
results from the metastasis to test. In general, if the patient has a primary melanoma with adequate
tissue and a BRAF mutation is found, we can trust that the BRAF mutation will be present in subsequent
metastatic disease.

Further Reading:

Cormican D, Kennedy C, Murphy S, Werner R, Power DG, Heffron CCBB. High concordance of BRAF
mutational status in matched primary and metastatic melanoma. J Cutan Pathol. 2019;46:117-122.

Which specific BRAF mutation do we need to test for?

BRAF-targeted therapy is approved for patients with the V600E and V600K mutations because those are the
dominant V600 mutations, and there are substantial data on randomized trials to suggest that these drugs
are beneficial. Some of the BRAF tests are specific for V600E mutations, which are the more common of the
2. However, depending on where you are in the world, an estimated 5%—-30% of V600 mutations can be
V600K and a few percentage can be others, V600R or V600D.

The percentage of V600K, which is more closely associated with chronic sun damage, is higher as you go
closer to the equator. MD Anderson, in its series in Houston, has higher rates of V600K mutations than you
would see in Boston, for example. Similarly, Australia has a very high rate of these V600K mutations because
of the chronic sun damage and the UV radiation that’s probably driving that type of mutation. Now, in this
population there are some case reports suggesting that patients with other V600 mutations, such as V600R
or D, may also benefit from BRAF-targeted therapy. There are no randomized data in those populations.

Ideally, you need a molecular assay that can detect either the V60OE or the V600K mutation.

Further Reading:

Fang P, Boehling NS, Koay EJ, et al. Melanoma brain metastases harboring BRAF'**¢ or NRAS mutations are
associated with an increased local failure rate following conventional therapy. J Neurooncol. 2017;137:67-75.

Klein O, Clements A, Menzies AM, O'Toole S, Kefford RF, Long GV. BRAF inhibitor activity in V6B00OR metastatic
melanoma. Eur J Cancer. 2013;49:1073-1079.

Kong BY, Carlino MS, Menzies AM, et al. Biology and treatment of BRAF mutant metastatic melanoma.
Melanoma Manag. 2016;3:33-45.

Lyle M, Haydu LE, Menzies AM, et al. The molecular profile of metastatic melanoma in Australia.
Pathology. 2016;48:188-193. °
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What types of BRAF testing are available? How do they compare?

The range of options, shown in the table, includes
companion diagnostics, immunohistochemistry
(IHC) staining, next generation sequencing, and a
blood test. The cobas® 4800 BRAF 600 Mutation
Test (Roche Diagnostics) test, which is a PCR-
based companion diagnostic test, is very good at
identifying V60OE. However, it’s not particularly
good at identifying V600K. The THxID®-BRAF kit

(bioMérieux), which is also a companion diagnostic,

is very good at identifying both V600OE and V600K.

Another is the BRAF V600E stain test. An IHC stain
test, it takes 24 to 48 hours to yield results, and it
is only specific for V60OE, which is the majority of
V600 mutations. However, the V600OE mutation rate

Table: Options for BRAF Testing

can be low, depending on the geographic location.
In addition, you may also discover a V600K
mutation when the test results come back negative
for V60OOE. So, a negative IHC stain test does not
mean the V600K mutation is not present.

Targeted exome sequencing enables one to look
at 60, 100, or even 200 genes. You're looking for
a hot spot of mutations as well as any alterations
on mutations, changes in copy numbers, or even
fusions. This could include patients with NTRK
fusions. Finally, there are now standard blood
assays. Those tend to be next generation
sequencing approaches to identify those

mutations.

Real-time PCR <1 week
Real-time PCR <1 week
VE1 antibody against 24-48 hours
the BRAF VGOOE

mutated protein

Next Generation <2 weeks
Sequencing,

multiple instruments

Next generation <9 days

e, sequencing for
circulating free
tumor DNA

V60OE and V600K

V600E and V600K

V600OE

V60O0E, V600K, BRAF V600
dinucleotide

VB0O0E and other mutations
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>96 for V6OOE
92 for VEOOK

~97 for V6OOE
66-70 for V6OOK

89.2

99.4,99.3, and 96.3
positive percent
agreement,
respectively

38—79

>98

96.2

89.6,99.2, 100
negative percent
agreement

40—100
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Further Reading:

BioMérieux. THxID®-BRAF Molecular Diagnostics Solution for Melanoma. Information Package.
https://www.biomerieux-usa.com/clinical/thxid-braf. Accessed March 5, 2020.

Busser B, Lupo J, Sancey L, et al. Plasma circulating tumor DNA levels for the monitoring of melanoma
patients: landscape of available technologies and clinical applications. Biomed Res Int. 2017;2017:5986129.
doi: 10.1155/2017/5986129

Cheng L, Lopez-Beltran A, Massari F, MacLennan GT, Montironi R. Molecular testing for BRAF mutations to
inform melanoma treatment decisions: a move toward precision medicine. Mod Pathol. 2018;31:24-38.

Kong BY, Carlino MS, Menzies AM. Biology and treatment of BRAF mutant metastatic melanoma. Melanoma
Manag. 2016;3:33-45.

Leighl NB, Page RD, Raymond VM, et al. Clinical utility of comprehensive cell-free DNA analysis to identify
genomic biomarkers in patients with newly diagnosed metastatic non-small cell lung cancer. Clin Cancer Res.
2019;25:4691-4700.

National Comprehensive Cancer Network. NCCN Guidelines Cutaneous Melanoma. Fort Washington, PA:
National Comprehensive Cancer Network; 2020.

NeoGenomics. BRAF V600E. Product information. Fort Myers, FL: NeoGenomics Laboratories, Inc.
https://neogenomics.com/test-menu/braf-V60OE.

Ou SI, Nagasaka M, Zhu VW. Liquid biopsy to identify actionable genomic alterations. Am Soc Clin Oncol Educ
Book. 2018;38:978-997. doi:10.1200/EDBK_199765

Schirosi L, Strippoli S, Gaudio F, et al. Is immunohistochemistry of BRAF V600E useful as a screening tool and
during progression disease of melanoma patients? BMC Cancer. 2016;16:905. doi:10.1186/s12885-016-2951-4

Tang H, Kong Y, Si L, et al. Clinical significance of BRAF'*® mutation in circulating tumor DNA in Chinese
patients with melanoma. Oncol Lett. 2018;15:1839-1844.

How can you fast track a test?

You might select your test based on how quickly you need the results. If you need results in 24 hours,
do the immunohistochemical stain. If you need results within a week, do the companion diagnostic or a
test similar to that. If you want as much information as possible to understand whether or not there's a
mutation that's actionable, you should do an expanded panel that includes fusion proteins, that includes
BRAF and NRAS and KIT—and dozens of other genes that can really provide a more comprehensive
understanding of what's going on with that. There’s no reason not to order the immunohistochemical test
plus another test to gain additional information.

What should be done when there is not enough tissue?

Multiple types of sample(s) can be used including formalin-fixed, paraffin-embedded tissue, unstained
slides, or cytology smears, if there is enough tissue. Now that there is a blood assay, that provides
another option. If all else fails, you may opt to obtain an additional biopsy.
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What kind of general education do you provide?

It's important to educate patients about what BRAF is. We tell patients that BRAF is a gene that tells your
cells how to grow. A BRAF mutation is a change in a BRAF gene. That change in the gene can lead to an
alteration in a protein that regulates cell growth that could allow the melanoma to grow more aggressively.
Approximately half of melanomas carry this mutation and are referred to as mutated, or BRAF-positive,
melanomas. Those that do not carry the mutation are referred to as wild-type, or BRAF-negative,
melanomas.

Many patients are confused about whether the BRAF mutation is inherited. It’s important to help them
understand that it is not found in the sperm/eggs—it’s a mutation that occurs in the tumor itself. So they
can’t inherit it or pass it on to their children.

How do you advise patients who have a positive BRAF test?

We advise them that there is a therapy specific to the BRAF mutation. It is not chemotherapy: it’'s
designed to target their specific type of tumor. Traditional chemotherapy does not work very well in
melanoma. Targeted therapy, on the other hand, is more “specific’ and has much better outcomes than
those seen with chemotherapy. Targeted therapy has side effects that differ from those of chemotherapy.
You won't see the classic side effects such as hair loss, nausea, and vomiting that are associated with
chemotherapy. Targeted therapy has a different set of side effects, which can include fever, skin reactions,
and cardiac and ocular side effects.

Some patients worry that if they are BRAF positive, then they will have to take the BRAF “drug” before
they’re allowed to “take the effective medicine —immunotherapy.” That’s not true. First, both targeted
therapy and immunotherapy are really good medicines. Second, since patients with BRAF mutations are
eligible for either targeted therapy or immunotherapy, they and their team will decide what’s best in terms
of which type of agent will be used to start Stage IV treatment. There is no set order for how these drugs
are to be given. In the Stage Il setting, after surgery to remove the melanoma, the patients will work with
their provider to determine which therapy is best for them.

How do you advise patients who have a negative BRAF test?

We tell them they most likely will be eligible for immunotherapy and potentially therapies being studied in
clinical trials.
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