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The BRAF gene encodes the B-Raf protein, a proto-oncogenic
kinase which transmits extracellular signals to the nucleic transcription
machinery. As part of the Ras-Raf-MEK-ERK pathway, the B-Raf
protein has important functions in cell division, differentiation,
migration, apoptosis and protein secretion.

Davies et al. published the first report regarding BRAF mutations
in human cancers in 2002 [1]. Several Studies have identified BRAF
mutations in a variety of human cancers, including melanoma,
thyroid cancer, colon and colorectal cancer, glioma, lung cancer,
sarcoma, breast and ovarian cancer, etc. [2-7]. The V600E mutation
accounted for 80% of all BRAF mutations identified in these cancers
and for 66% in malignant melanoma [1]. Other BRAF mutations
were found in different types of cancers at low frequencies [1]. The
V600E mutation attributes to enhanced kinase activity for B-Raf
and results in constitutive activation of the downstream signaling
pathway, leading to increased cell proliferation and survival [8].
Findings from these and subsequent studies led to the development of
new therapeutic drugs targeting to BRAF mutations. In this review,
the current knowledge of BRAF mutations in human cancers and
the impact of these mutations on clinical diagnosis, prognosis and
therapy will be discussed.

BRAF and Melanoma

According to the WHO histological classification, cutaneous
melanoma is one of the malignant melanocytic tumors affecting
predominantly fair-skinned Caucasians [9]. BRAF mutations were
found in approximately 66% of cutaneous melanomas and the V600E
mutation accounted for 92% of these mutations [1]. A meta-analysis
based on four clinical studies with 674 melanoma revealed that the
V600E mutation increases the risk of mortality in melanoma patients
by 1.7 times [3]. In line with these exciting findings, developing
drugstargeting to BRAF mutations has made significant progress
lately. FDA approved using vemurafenib to treat late-stage melanoma
patients in 2011 and usingtrametinib and dabrafenib to treat V600E
or V600K positive patients with unresectable or metastatic melanoma
in 2013. A phase II trial (BRIM-2) involving 132 previously treated
melanoma patients with positive BRAF V600E mutation produced a
confirmed response rate of 53%, with a median duration of response
of 6.8 months [10-12]. A phase III randomized clinical trial showed
that vemurfenib was associated with a relative reduction of 63%

in the risk of death and of 74% in the risk of tumor progression in
previously untreated melanoma patients with positive BRAF V600E
mutation, suggesting an improved overall survival of these patients
[13]. Therefore, testing whether the V600E or V600K mutation exists
in melanoma is of critical therapeutic importance.

BRAF and Histocytosis

BRAF mutations were also detected in more than 50% cases
of two rare histiocytic disorders, Langerhans Cell Histiocytosis
(LCH) and Erdheim-Chester disease (ECD). LCH, characterized by
neoplastic proliferation of langerhans cells, indeed affects multiple
organ systems and results in a high fatal rate (20% in disseminated
cases). It can be diagnosed based on CD1a and CD207 positivity in
affected langerhans cells. The finding of the BRAF V600E mutation
in 35 of 61 (57%) archived LCH lesions not only supported LCH as
a neoplastic disease but also suggested LCH might be treatable by
RAF pathway inhibitors [14]. However, the presence or absence of
the BRAF V600E mutation in langerhans cells does not confirm or
rule out a diagnosis of LCH; the results should be correlated with
clinical findings and histopathologic features. Two other mutations
were found in LCH patients including the in-frame insertion of 12
nucleotides, leading to insertion of 4 amino acids (BRAF 600DLAT),
and a missense mutation, BRAF T599A [15]. The 600DLAT mutation
might activate the MEK-ERK signaling pathway. In contrast, the
T599A mutation did not induce MEK-ERK signaling.

ECD is a rare form of non-Langerhans cell histiocytosis, andis
characterized by the infiltration of single or multiple tissues and
organs. It can be diagnosed by foamy CD68*CD1a S100 histiocytes.
Several studies showed that the BRAF V600E mutation is present
in 47-54% of ECD cases, which impelled to assess the therapeutic
effects of B-Raf inhibitors on V600E positive ECD patients [16-18].
A recent paper from Haroche et al. showed that three ECD patients
with BRAF V600E mutationhad excellent responses to vemurfenib
treatment [19]. Moreover, the LCH skin lesions in one of these
patients disappeared, indicating the possible therapeutic effect of this
drug on LCH.

BRAF and Thyroid Cancer

Papillary thyroid cancer (PTC) is the most common endocrine
malignancy among all thyroid cancers. Activating BRAF V600E
mutation is present in 18-87% of various thyroid cancers, primarily in
papillary thyroid cancer. Kebebew et al. reported that the prevalence
ofthe BRAF V600E mutation was higher in conventional PTC (51.0%)
than in follicular variant PTC (24.1%) and follicular thyroid cancer
(1.4%) [6]. A retrospective multicenter study with 1849 PTC patients
revealed that the V600E mutation significantly increased the cancer-
related mortality in PTC patients [4]. Guerra et al. demonstrated that
BRAF V600E mutation defines a PTC molecular subtype and predicts
a poor disease outcome [20]. Overall, theBRAF V600E mutation is
associated with an aggressive tumor phenotype and predicts a poorer
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disease outcome for PTC. Testing for this mutation may be useful for
selecting initial therapy and for follow-up monitoring.

BRAF and Colorectal Cancer

There are about 9-14% of patients with colorectal cancer having
the BRAF V600E mutation. A meta-analysis involving 11773 patients
with colorectal cancer concluded that the BRAF mutation increased
the risk of mortality in these patients for more than two times [3].
Combined testing results from microsatellite instability assays
and BRAF mutation tests in 1253 colorectal patients showed that
microsatellite stable and the BRAF mutation are independent adverse
factors for patient survival [7]. Di Nicolantonio ef al. reported that the
BRAF mutation in colorectal cancer rendered the tumor resistance
to anti-EGFR therapy and wild-type BRAF is required for response
to panitumumab or cetuximab [21]. Thus, BRAF genotype could be
used to select eligible patients for the treatment with these drugs.

BRAF and Other Cancers

BRAF mutations have been found in many other cancer types,
including lung cancer, sarcoma, glioma, ependymoma, liver cancer,
stomach cancer, breast and ovarian cancer, esophageal cancer,
lymphoproliferative and myeloproliferative disorders, multiple
myeloma, and hairy cell leukemia, although at frequencies (<10%)
[22]. The clinical implication and utility of BRAF gene mutation
testing in these types of cancers remain to be determined.

Conclusion and Perspective

BRAF was primarily used as a prognostic factor and therapeutic
target in melanoma, colorectal cancer, and papillary thyroid cancer.
While it is exciting to see that several drugs targeting to the BRAF
V600E mutation were approved for clinical therapy, more effort is
needed to develop a secondary generation of effective B-Raf inhibitors
because drug resistance has been noticed. With continuously
accumulated clinical data and available genotype information for
BRAF, the prognostic and therapeutic value of BRAF mutations in
other cancers will be revealed, which will eventually help to develop
effective target-specific cancer therapy.

References

1. Davies H, Bignell GR, Cox C, Stephens P, Edkins S. Mutations of the BRAF
gene in human cancer. Nature. 2002; 417: 949-954.

2. Lade-Keller J, Regmer KM, Guldberg P, Riber-Hansen R, Hansen LL.
Evaluation of BRAF mutation testing methodologies in formalin-fixed,
paraffin-embedded cutaneous melanomas. J Mol Diagn. 2013; 15: 70-80.

3. Safaee Ardekani G, Jafarnejad SM, Tan L, Saeedi A, Li G. The prognostic
value of BRAF mutation in colorectal cancer and melanoma: a systematic
review and meta-analysis. PLoS One. 2012; 7: e47054.

4. Xing M, Alzahrani AS, Carson KA, Viola D, Elisei R. Association between
BRAF V600E mutation and mortality in patients with papillary thyroid cancer.
JAMA. 2013; 309: 1493-1501.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

Guerra A, Fugazzola L, Marotta V, Cirillo M, Rossi S. A high percentage of
BRAFV600E alleles in papillary thyroid carcinoma predicts a poorer outcome.
J Clin Endocrinol Metab. 2012; 97: 2333-2340.

Kebebew E, Weng J, Bauer J, Ranvier G, Clark OH. The prevalence and
prognostic value of BRAF mutation in thyroid cancer. Ann Surg. 2007; 246:
466-470.

Lochhead P, Kuchiba A, Imamura Y, Liao X, Yamauchi M. Microsatellite
instability and BRAF mutation testing in colorectal cancer prognostication. J
Natl Cancer Inst. 2013; 105: 1151-1156.

Wan PT, Garnett MJ, Roe SM, Lee S, Niculescu-Duvaz D. Mechanism of
activation of the RAF-ERK signaling pathway by oncogenic mutations of
B-RAF. Cell. 2004; 116: 855-867.

Pathology & Genetics of Tumors of Skin, P. Leboit, et al. Editors. 2004, IARC
Press.

Ribas A, Flaherty KT. BRAF targeted therapy changes the treatment
paradigm in melanoma. Nat Rev Clin Oncol. 2011; 8: 426-433.

Sosman JA, Kim KB, Schuchter L, Gonzalez R, Pavlick AC. Survival in BRAF
V600-mutant advanced melanoma treated with vemurafenib. N Engl J Med.
2012; 366: 707-714.

Jang S, Atkins MB. Treatment of BRAF-mutant melanoma: the role of
vemurafenib and other therapies. Clin Pharmacol Ther. 2014; 95: 24-31.

Chapman PB, Hauschild A, Robert C, Haanen JB, Ascierto P. Improved
survival with vemurafenib in melanoma with BRAF V600E mutation. N Engl J
Med. 2011; 364: 2507-2516.

Badalian-Very G, Vergilio JA, Degar BA, MacConaill LE, Brandner B.
Recurrent BRAF mutations in Langerhans cell histiocytosis. Blood. 2010;
116: 1919-1923.

Satoh T, Smith A, Sarde A, Lu HC, Mian S. B-RAF mutant alleles associated
with Langerhans cell histiocytosis, a granulomatous pediatric disease. PLoS
One. 2012; 7: e33891.

Emile JF, Charlotte F, Amoura Z, Haroche J. BRAF mutations in Erdheim-
Chester disease. J Clin Oncol. 2013; 31: 398.

Haroche J, Charlotte F, Arnaud L, von Deimling A, Hélias-Rodzewicz Z. High
prevalence of BRAF V600E mutations in Erdheim-Chester disease but not in
other non-Langerhans cell histiocytoses. Blood. 2012; 120: 2700-2703.

Blombery P, Wong SQ, Lade S, Prince HM. Erdheim-Chester disease
harboring the BRAF V600E mutation. J Clin Oncol. 2012; 30: e331-332.

Haroche J, Cohen-Aubart F, Emile JF, Arnaud L, Maksud P. Dramatic efficacy
of vemurafenib in both multisystemic and refractory Erdheim-Chester disease
and Langerhans cell histiocytosis harboring the BRAF V600E mutation.
Blood. 2013; 121: 1495-1500.

Guerra A, Sapio MR, Marotta V, Campanile E, Rossi S. The primary
occurrence of BRAF(V600E) is a rare clonal event in papillary thyroid
carcinoma. J Clin Endocrinol Metab. 2012; 97: 517-524.

.Di Nicolantonio F1, Martini M, Molinari F, Sartore-Bianchi A, Arena S.

Wild-type BRAF is required for response to panitumumab or cetuximab in
metastatic colorectal cancer. J Clin Oncol. 2008; 26: 5705-5712.

Machnicki MM, Stoklosa T. BRAF - A new player in hematological neoplasms.
Blood Cells Mol Dis. 2014; 9796: 00002-00003.

Austin J Clin Pathol - Volume 1 Issue 1 - 2014
ISSN : 2381-9170 | www.austinpublishinggroup.com
Xia Li. © All rights are reserved

2014;1(1): 1002.

Citation: Li X. BRAF Mutations: Prognostic and Therapeutic Markers in Human Cancers. Austin J Clin Pathol.

Submit your Manuscript | www.austinpublishinggroup.com

Austin J Clin Pathol 1(1): id1002 (2014) - Page - 02


http://www.ncbi.nlm.nih.gov/pubmed/12068308
http://www.ncbi.nlm.nih.gov/pubmed/12068308
http://www.ncbi.nlm.nih.gov/pubmed/23159593
http://www.ncbi.nlm.nih.gov/pubmed/23159593
http://www.ncbi.nlm.nih.gov/pubmed/23159593
http://www.ncbi.nlm.nih.gov/pubmed/23056577
http://www.ncbi.nlm.nih.gov/pubmed/23056577
http://www.ncbi.nlm.nih.gov/pubmed/23056577
http://www.ncbi.nlm.nih.gov/pubmed/23571588
http://www.ncbi.nlm.nih.gov/pubmed/23571588
http://www.ncbi.nlm.nih.gov/pubmed/23571588
http://www.ncbi.nlm.nih.gov/pubmed/22508706
http://www.ncbi.nlm.nih.gov/pubmed/22508706
http://www.ncbi.nlm.nih.gov/pubmed/22508706
http://www.ncbi.nlm.nih.gov/pubmed/17717450
http://www.ncbi.nlm.nih.gov/pubmed/17717450
http://www.ncbi.nlm.nih.gov/pubmed/17717450
http://www.ncbi.nlm.nih.gov/pubmed/23878352
http://www.ncbi.nlm.nih.gov/pubmed/23878352
http://www.ncbi.nlm.nih.gov/pubmed/23878352
http://www.ncbi.nlm.nih.gov/pubmed/15035987
http://www.ncbi.nlm.nih.gov/pubmed/15035987
http://www.ncbi.nlm.nih.gov/pubmed/15035987
http://www.ncbi.nlm.nih.gov/pubmed/21606968
http://www.ncbi.nlm.nih.gov/pubmed/21606968
http://www.ncbi.nlm.nih.gov/pubmed/22356324
http://www.ncbi.nlm.nih.gov/pubmed/22356324
http://www.ncbi.nlm.nih.gov/pubmed/22356324
http://www.ncbi.nlm.nih.gov/pubmed/24080641
http://www.ncbi.nlm.nih.gov/pubmed/24080641
http://www.ncbi.nlm.nih.gov/pubmed/21639808
http://www.ncbi.nlm.nih.gov/pubmed/21639808
http://www.ncbi.nlm.nih.gov/pubmed/21639808
http://www.ncbi.nlm.nih.gov/pubmed/20519626
http://www.ncbi.nlm.nih.gov/pubmed/20519626
http://www.ncbi.nlm.nih.gov/pubmed/20519626
http://www.ncbi.nlm.nih.gov/pubmed/22506009
http://www.ncbi.nlm.nih.gov/pubmed/22506009
http://www.ncbi.nlm.nih.gov/pubmed/22506009
http://www.ncbi.nlm.nih.gov/pubmed/23248255
http://www.ncbi.nlm.nih.gov/pubmed/23248255
http://www.ncbi.nlm.nih.gov/pubmed/22879539
http://www.ncbi.nlm.nih.gov/pubmed/22879539
http://www.ncbi.nlm.nih.gov/pubmed/22879539
http://www.ncbi.nlm.nih.gov/pubmed/23008323
http://www.ncbi.nlm.nih.gov/pubmed/23008323
http://www.ncbi.nlm.nih.gov/pubmed/23258922
http://www.ncbi.nlm.nih.gov/pubmed/23258922
http://www.ncbi.nlm.nih.gov/pubmed/23258922
http://www.ncbi.nlm.nih.gov/pubmed/23258922
http://www.ncbi.nlm.nih.gov/pubmed/22170714
http://www.ncbi.nlm.nih.gov/pubmed/22170714
http://www.ncbi.nlm.nih.gov/pubmed/22170714
http://www.ncbi.nlm.nih.gov/pubmed/19001320
http://www.ncbi.nlm.nih.gov/pubmed/19001320
http://www.ncbi.nlm.nih.gov/pubmed/19001320
http://www.ncbi.nlm.nih.gov/pubmed/24495477
http://www.ncbi.nlm.nih.gov/pubmed/24495477

	Title
	BRAF and Melanoma
	BRAF and Histocytosis
	BRAF and Thyroid Cancer
	BRAF and Colorectal Cancer
	BRAF and Other Cancers
	Conclusion and Perspective
	References

