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Running Title: BRAFK601E and BRAFL597 Mutations in Melanoma

Summarny:

BRAF mutatiohs at codons L597 and K601 occur uncommonly in melanoma. Clinical and
pathological associations of these mutations were investigated in a cohort opéatietfis

with known"BRAF mutation status. ABRAF mutation was identified in 435 patients;
Mutations_at L597 and the K601E mutation were seen in 3.4% and 3.2% of these,
respectively. K601Enelanomas tended to occur in male patients, a median age of 58 years,
were generally found on the trunk (64%) and uncommonly associated with chronically sun
damaged (CSD) skiBBRAF L597 melanomas occurred in older patients (me@@uyears),

but were assciated with CSD skin (extremities or head and neck locatit 3%, p=0.001).
Twentyithree percent of patients with V600OE and 43% of patients with K601E mutant
melanomas presented with nodal disease at diagnosis compared to just 14% of patients with
BRAF wild-type tumors (p=0.001 and 0.006 respectively). Overall, these mutations represent
a significant minority oBRAF mutations, but have distinct clinigzathological phenotypes

and clinical behaviors.

Significance:

Current understanding of the clioipathological associations 8RAF mutated melanomas
is limited to the more commoBRAF V600 mutations and very little is understood about the
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BRAF L597 and K601E mutations. We present data from the largest cohorsefhimary

melanomas, which represent almost 7% of all BRAF mutations, and show that they tepresen
distinct clinicpathological phenotypes. These mutations represent a significant minority of
melanomas and testing for these mutations and examining potential therapentenimns

in a prospective manner is warranted.

I ntroduction:

Melanoma._is_the fourth most common malignancy in men and women in Australia (AIHW,
2013). Recenily, significant advances have been made in the management of advanced
melanoma;. in large part due to amproved molecular understanding of melanoma.
Discoverysofiancogenic drivers such as mutations in the gene encoding for the BRAF protein
in the mitogen activating protein kinase (MAPK) pathway has been a critical advancement i

our understanding.

Clarification,0f the molecular basis of melanoma has resulted in the development of
efficacious targeted therapies such as BRAF and MEK inhibitors in patients with melanoma
harboring,.aBRAF mutation. BRAF inhibitors (vemurafenib, dabrafenib) and MEK inhibitors
(trametinib,“cobimetinib) have been shown, as single agents and in combination, to be
effectiveinsproviding a rapid tumor response, prolongation of progression free sundval a

most importantly improving overall survival .

ReportedBRAF mutation rates areeiween 40 and 60% , and greater than 90% of these are
due to. V600 mutations, in particular V600OE and V600K. Codons L597 and K601 are adjacent
to V600 in exon 15 of th&RAF gene and a small proportion BRAF mutant melanomas
harbor mutations at these codons. The K601E mutation results in an amino acid substitution
at position 601 iIrBRAF, from a lysine (K) to a glutamic acid (E). The L597 mutations result

in an amino acid substitution at position 597BRAF, from a leucine (L) to a serine (S),
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glutamine Q) or arginine (R). Mutations at both codons result in elevated kinase activity

similar to mutations at V600 (Wan et al., 2004). Previously, there has beentadeapinical
response of a L59BRAF mutant metastatic melanoma to a MEK inhibitor as welhastro

sensitivity of a K601 mutant melanoma to MEK inhibition .

Whilst we hayve a greater understanding of the comBRA¥F V600 mutations, in terms of
clinical associations, prognostic and predictive data, there is little publishedrdéta less
common, mutations . These uncommon mutations might have clinical relevance as there is
preliminary evidence of sensitivity to targeted therapies . We aimed to describectratrel

clinico-pathological characteristics of L597 and K6(AEAF mutant melanomas.

Results:

At the time of analysis, the primary melanomas of 1162 patients were includeeé in th
MelbeurnesMelanoma Project database. 1159 (99.7%) successfully undeneksdular
analysis. Ipsitu melanomas, cutaneous metastases and benign nevi indpdagd tumors

of unknown.malignant potential were excluded from the final analysis that included ef tota
1,119 invasive melanomas. 435 (38.9%) of these harboB&AR mutation. The remaining

684 patients were considered to BRAF ‘wild-typ€, with 41 patients harboring either a
NRAS or.KiT, mutation (37 and 4 patients respectively). V600 mutations constituted the
majority.of BRAF mutations (93.3%, n=406) with the V600E mutation the most common of
these V600=mutations (76.4%, n=310). The less common V600 mutations included V600K
(n=86,,21.2%), V600R (n=5, 1.2%), V600D (n=4, 1.0%) and V600M (n=1, 0.2%). A

minority ef.allpatients (2.8%) had known metastases at entry.

The mast=ecommon neX600 mutations were L597 (c.1789 1790delinsTC: p. Leu597Ser)
and K601E (c.1801A>G: p.Lys601Glu). 15 patients had a L597 mutation and 14 had a
K601E “‘mutation, 3.3% and 3.1% of &lRAF mutations respectively. 3 patients had other
BRAF mutations not previously described (c.1798_1799insATACAG:
p.Thr599_Val600insAspThr, €.99-1802delinsAGAT: p.Val60Qys601delinsGlulle,
c1794_1796dup: p.Thr599dup ).
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Clinical and pathological data is summarized in Table 1. There was a significant associati
between mutation status and gender (p=0.002). The majority of patients with a K6@1E
L597 mutation were male, 71.4% and 73.3% respectively, whilst fewer V600E (49.8%) and
BRAF wild-type patients (62.0%) were male.

There was_a_significant association between mutation status and age (p=0.001), which was
mostly attributable to V600E ganhts being younger than ntv600E andBRAF wild-type
patientsaPatients with a L597 mutation were significantly older than patients ihgrlaor
V600E mutation (median 66 years, IQR-BB versus 50 years IQR 461 p=0.001), as were

BRAF wild-type (median 8 years, IQR 5¥1, p<0.001) and V600K patients (median 63
years IQR 5872, p<0.001). Patients with a K601E mutation had a median age of 58 years
(IQR 31:86), which was not significantly older than V600E patients (p=0.2). There were no
patients with ' L597 mlanomas that were under the age of 50, compared to 35.7% (n=5) of
K601E melanomas and 50.6% (n=157) of V600OE melanomas.

We examined various surrogates for prior sun exposure in melanoma patients. Asdgxpect
patients withBRAF wild-type and V600K mutanprimary melanomas were more likely to
have a history of solar keratoses (50.2% and 46.7% respectively) compared t@ patrent
BRAF V600E mutant primaries (29.5%, p<0.001). A history of solar keratoses was akso mor
common in L597 patients (58.3%) compared to V600E (p=0.04). Patients with a K601E
mutation, however, were similar to V600E patients, with only a minority (16#ing a
history of solar keratoses. In keeping with this, K6BO1E and V600E mutant primasies w
more likely tojarise on the trun64.3% p=0.01 and 39.8% p=0.001 respectively) compared
to BRAF wild-type melanomas (25.8%), which were more common ategposed sites
(Table 1). It is worth noting that a similar proportion of V600E priesoccurred on the
trunk (39.8%), and on an extremity (41.8%). Conversely, L597 melanomas were most
commonly found on the extremities (40%), though this association was not signifite
proportion of patients with a history of sunburn was similar amongst V600OE, K601E, L597
andBRAF wild-type patierd (60.5%, 66.7%, 66.7% and 65.5 % respectively, p=0.4).

The median Breslow thickness was significantly great8RAF wild-type (1.7mm, p=0.008)
and V600K (1.5mm, p=0.04) mutant tumors compared to V600E (1.3BRAF K601E
mutant melanomas were thické.15mm) compared to both V600OE (1.3mm) and L597
melanomas (1.25mm) although this did not reach statistical significance)p20.4 % of
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K601E melanomas were less than 1.0 mm thick as compared to 35.5% of V600E melanomas

42.9% of L597 melanomas and 27.9%B&AF wild-type melanomas.

There was a significant association between mutation status and histologjesyst0.001).
Superficial_spreading melanomas (SSM) were the predominant histopathologic subtype
identified across allBRAF mutated melanomas6.7% of L597 and 69.3% of V600
melanomas were SSM subtype. However, K60O1E melanomas had a greater propditibn of
(35.7%).and fewer SSM (57%) compared to other mutational types, though this did not reach
statistical;significance (p=0.2BRAF V600K and [597S mutant melanomas were more likely

to be LMM than SSM subtype when compared to V600E mutant tumors (p=0.02), which is in

keepingawithetheir propensity to sun exposed sites.

The presence, of ulceration and an elevated mitotic count were two poor piofeatsires
observed at'a similar frequency in melanomas across mutational subgroepse3énce of
ulceration was seen in 33.3%, 28.6% and 26.2% of L597, K601E and V600E melanomas
respectively, (p=0.7)BRAF wild-type melanomas had a similar ulceratiate (25.2%) to
V600E ([melanomas in our series. There was no significant association between mitotic rate
and mutation status in this cohort. Median mitotic rates are shown in table 2. L597

melanomas_haél mitoses/mrhin 85.7%, compared to 76.9% of K601F5.8% of V600E

and 75:9% oBRAF wild-type melanomas,.

Twentythree percent of patients wiBRAF V600E and 43% of patients with K601E mutant
melanomas,presented with nodal disease at diagnosis compared to just 14% of patients with
BRAF wild-type tumors (p=0.001 and 0.006 respectively). This association remained
significant.after adjusting for thickness. Patients with L597S muistieere similar to wild

type patients, with only 14% presenting with nodal disease at diagnosis.

Discussion

Our current, uderstanding of the clinical and pathological characteristicBRafF mutated
melanomas is largely limited tBRAF V600 mutations . We present here the clinico
pathologic characteristics of the uncomm8RAF K601E and L597 mutated primary

melanomas and shothat these are associated with distinct tumour characteristics. Whilst
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tumours harboring L597 mutations have similarities \BIRAF wild-type tumors (association

with sun exposed sites and LMM subtype), tumors with K601E mutations are mdeg simi
V600E mutant melanomas (more common on the trunk, not associated with markers of

chronic sun exposure and significantly more likely to present with nodal diseasgratsiba.

Despite the large size of our cohort, given the low frequency of K6O1E and Lia8fians,

the absolute number of these melanomas identified was relatively small. Ghislimit the
statistical power with which analyses might be undertaken but is still the largest series
presented te.date. Another potential limitation of the dataepted here is the absence of
outcome data, particularly in terms of rates of progression, recurrence and oveiadl.su

Our study is"therefore not able to clarify the prognostic imgitina of these uncommon but

importantBRAF mutations.

Melanomas wh the BRAF K601E mutation, compared to V600 melanomas, seemed to occur
more frequently in male patients although no statistically significant diffeiaerite median

age was observed. However, 64% of these K601E tumours occurred on thanmuokly a
minority were \associated with chronically sun damaged skin. A similar propoftjgetients

with K601E and V600E melanomas reported previous sunburn (66.7% and 60.5%
respectively). Therefore, the lack of association with chronic sun damage wouldtshgges

this mutation is more likely to occur in low mutation load melanomas (FigurdHte
‘divergent pathway’ hypothesis for cutaneous melanoma development proposes that patients
with a Jower tendency to develop naevi (‘haevus resistant’) are more likelyate
melanomas develop on CSD skin with significant UV exposure (Whiteman et al., 2003).
BRAF wild-type and L597 mutated melanomas have a clinical phenotype consistent with this
group. However, patients with ‘naevus prone’ skin, are more likely tdajewgelanomas at

a younger age with less prior UV damage. This phenotype is consistent with V600 and
K601E mutated melanomas. Recently published data from The Cancam&étlas shows

that the mutation load of K601E melanomas is similar to, although with a trend t bein
slightly higherithan, the V60OE melanomas (mean 859.4, standard deviation (SD) 793.6 and
mean 430.2, SD 436.0 respectively, P=0.08 with Wilcox rank sum test) (TCGA Network
2015):

In contrast, whilst melanomas harboring the L597 mutation were more common n olde
patients compared to V600E, most of the L597 melanomas were found on either the
extremities or head and neck (73.3%). Just over half (66.7%) of pla¢iseits admitted to
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previous sunburn. These findings suggest that L597 melanomees associated with

chronically sun damaged and sun exposed skin, more so than that seen in K601E, and V600E
melanomas and are therefore more likely to arise in high mutation load tumois is Th
clinically relevant as high mutation load may be predictdfea response to immune
checkpoint inhibition through production of neoantigens (Snyder et al., 2014)aslt
previously been shown that melanomas with a higher mutation load may be assoitiated w

an improved response to immune checkpoint inhibitionexample with CTLA4 inhibition.

K601E melanomas were commonly of either the superficial spreading or nodigaomea
subtypes (92.8%) that were associated with poor prognostic histopathologicaSe@tuthis

group, 71.4%had mitoses present, 28.68tenulcerated and 35.7% had a Breslow thickness
greater ‘than4.0 mm. In keeping with these high features, K601E mutant tumors were
significantly more likely to present with nodal disease at diagnosis (42.9% calipgest

14% of'BRAF wild-type pati@ats, p=0.003). Interestingly, V600E mutant melanomas were
also significantly associated with the presence of nodal metastases at diagnosis desgite hav
more favorable tumor characteristics compared to K601E melanomas. We havegbyevio
reported an ‘association betweBRAF mutant tumors andRAC1 immunoreactivity and
hypothesize®thaRACL is important for melanoma migration and metastasis in these cases .
This 'may, explain why some melanomas metastasize early, despite being thin. The associatio
between K601E and significantly increased tumor thickness may be related to either a more
aggressive phenotype, delay in diagnosis (which may be a function of these melanomas being

more common on the trunk of elderly patients), or a combination of the two.

In contrat, L597 melanomas generally had more favorable prognostic characteristics
compared t0 K601E. Despite mitoses and ulceration being commonly seen in these
melanomas (80.0% and 33.3% respectively), at a rate greater than V600E melan®fas (68
and 23.6%) and&K601E melanomas (71.4% and 28.6%), they were thinner and less likely to

have nodal involvement.

Although the_proportion oBRAF mutant melanomas that harbor either L597 or K601E
mutations 'is small, the absolute number of patients is certainly not ifitsigh The
estimated total number of patients in the US diagnosed with melanoma in 2012 was
approximately 76,250 . If the rate of L597 and K601E mutations were assumed to af.6%
demonstrated in our study), then the absolute number of these patients would be

approximately 1,976 in 2012.
This article is protected by copyright. All rights reserved



The clinical impact of the prospective identification of these uncomBiRAF mutations is

still unclear. The large clinical trials examining BRAF and MEK inhilsitoisually only
include V600E or V600K mutations soethiherapeutic implications are uncertain for L597
and K601E. However, there is some emerging evidence that L597 melanomas rpigid res

in a clinically meaningful way, to MEK inhibitor therapy. Dahlman and colleagysestesl a

case of a patient withBRAF L597S mutant metastatic melanoma that responded
radiologically to a MEK inhibitor . They also describiadvitro sensitivity of L597 and K601
mutant melanomas to MEK and BRAF inhibition. More recently, it has been shown in a
retrospective/analysis of 4 fments with BRAF K601E metastatic melanoma and 1 patient
with a BRAFR597Q melanoma, 3 of these patients achieved a partial response to trametinib,
an oral ' MEK<inhibitor (including the solitary L597Q melanoma) . Clearly, thepe aaxly
findings need, to & assessed prospectively in a clinical trial in order to change clinical
practice"with'regards to these mutations. An ongoing phase Il clinalaktmvestigating the
efficacy of trametinib in patients witBRAF nonV600 mutations (NCT02296112).

It is interesting to note that the overdRAF mutation rate in our series was 39.0%.
Compared to previous series where rate8RAF mutations have been reported between
40% and,60% , the rate that we describe appears slightly lower than anticipated. One
possbility«is that the mutation rate in patients with advanced melanoma is higheo thee t
worse prognosis oBRAF mutant primary melanomas. This would then result in a
disproportionately high rate RAF mutant melanomas in patients with advanced disease
compared to those with early, primary melanomas. It is also possible that melanomas in o
cohort (of Australian patients would be enriched BRAF wild-type as they have an

association with chronic UV exposure.

In conclusion, our study provides a description of the incidence of L597 and KERAE

mutant melanomas and their clinipathological characteristics in a large series of primary
melanomas. Both L597 and K601E mutated melanomas appear to be associatadiavith

poor prognostic features althoutiis would need to be examined further in future studies.
Our [study emphasizes the importance of these uncommon melanomas and we would
encourage prospective evaluation of these melanomas with regards to their gemaitivit
BRAF and MEK inhibitors.
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Methods:

Consecutive patients from the Melbourne Melanoma Project (MMP) dataset thatdthve h
their primary melanoma managed at one of three tertiary referral centres (TheaWicto
Melanoma_Service (VMS), Peter MacCallum Cancer Centre or the Austin Hospited)
tested for aBRAF mutation. Patients recruited from 2009 until May 2013 were included for
analysis. Human Research Ethics Committee approval was granted at all three msstitutio
involved.in the MMP (Project number 07/38).

Tumor tissue from the priamy melanomas was tested fBRAF mutations at the Peter
MacCallum Cancer Centre, Department of Diagnostic Molecular Pathology (Meéyour
Australia).” Variations in exon 15 &RAF were identified between nucleotides ¢.1788 and
€.1823 in reference sequence NM_004333.4, corresponding to codons 597 to 607- by high
resolution melting (HRM) analysis following macrodissection of pagaffin embedded
tumourispecimens as described previously . According to the Catalogue of Somaticriguta

in Cancer (COSMIC) tisi region contains 97% of alRAF mutations. All abnormal HRM
traces were subjected to DNA Sanger sequencing according to methods previously described
Tumors were therefore evaluated BRAF mutations in V600 as well as K601E, L597 and

other raresmutadins.

Clinical data were collected prospectively, including patient age, gender, eyeprelvious
history wof sunburn and site of melanoma. The primary site was coded as eithertgxtremi
head and neck, trunk or other/unknown. Melanoma histopatholdgfigpsuwas classified as
superficial spreading melanoma (SSM), nodular melanoma (NM), lentiggmaahelanoma
(LMM), mucosal, other or unknown. The stage at diagnosis was recorded according to the
American Joint Committee on Cancer (AJCC) cancer stagingiove 7, 2010. Other
pathological information including Breslow thickness (mm), mitotic coungraton and

nodal status was also recorded.

Clinical andgpathologic features were assessed for associations with BRAfkomstatus
using ¢hi squared ankruskalwallis tests as well as multinomial logistic regressiaii.

analyses were performed using Stata statistical software version 12.1.
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Table 1. Clinical Characteristics of melanomas according to mutational subtype.

BRAF Wild-type V600 other p value
Total (H= 1119) (n=684) V600E (n=310) V600K (n=86) (-D, -R, -M) K 601E (n=14) L 597 (n=15)
(n=10)
Number (%) Number (%) Number (%) Number (%) Number (%) Number (%)
Sex
e Female 257 (37.6) 155 (50.2) 29 (33.7) 6 (60) 4(28.6) 4(26.7) 0.002
e Male 426 (62.4) 154 (49.8) 57 (66.3) 4 (40) 10 (71.4) 11 (73.3)
Age at diagnosis (years)
e <29 17 (2.5) 23 (7.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0.0001
e 30-49 135 (19.8) 134 (43.2) 13 (15.1) 2 (20.0) 5 (35.7) 0 (0.0)
e 50-69 340 (49.8) 118 (38.1) 46 (53.5) 5 (50.0) 8 (57.1) 12 (80.0)
e >70 191 (28.0) 35 (11.3) 27 (31.4) 3(30.0) 1(7.1) 3(20.0)
e Median(IQR) 63 (51-71) 50 (40-61) 63(53-72) 58 (31-86) 66 (58-71) 0.0001
Eye Color
e Blue 379 (59.0) 150 (50.5) 46 (54.8) 6 (60) 4(33.3) 9 (75.0) 0.1
e Brown/Hazel 198 (30.8) 100 (33.7) 30 (35.7) 4 (40) 5(41.7) 2 (16.7)
e Green 65 (10.1) 47 (15.8) 8(9.5) 0(0) 3(25.0) 1(8.3)
Previous sunburn
e Yes 422 (65.5) 179 (60.5) 48 (57.8) 8 (80) 8 (66.7) 8 (66.7) 0.4
e No 222 (34.5) 117 (39.5) 35 (42.17) 2 (20) 4 (33.3) 4 (33.3)
Solar Keratoses
e Present 305 (50.2) 83 (29.5) 35 (46.7) 1(11.1) 2(16.7) 7 (58.3) <0.0001
e Absent 303 (49.8) 198 (70.5) 40 (53.3) 8(88.9) 10 (83.3) 5 (41.67)
Site of primary melanoma*
e  Extremity 313 (45.9) 129 (41.8) 31 (36.5) 4 (40.0) 3(21.4) 6 (40.0) 0.001
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e Head and neck 171 (25.1) 51 (16.5) 26 (30.6) 3 (30.0) 1(7.1) 5 (33.3)
e Trunk 176 (25.8) 123 (39.8) 26 (30.6) 3(30.0) 9 (64.3) 4(26.7)
e Other 22 (3.2) 6 (1.94) 2 (2.4) 0 (0) 1(7.1) 0(0.0)
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Table 2. Pathological characteristics according to mutational subtype.

BRAF Wild-type V600 other p-value
Total(m=1119)* (n=684) V600E (n=310) V600K (n=86) (-D, -R,-M) K 601E (n=14) L597 (n=15)
(n=10)
Number (%) Number (%) Number (%) Number (%) Number (%) Number (%)
Bresow Thickness, mm
<1.00 171 (27.9) 99 (35.5) 22 (29.0) 3(37.5) 3(21.4) 6 (42.9) 0.3
1.00-1.99 159 (26.0) 85 (30.5) 23 (30.3) 2 (25.0) 4 (28.6) 2 (14.3)
2.00-2.99 101 (16.5) 41 (14.7) 9 (11.8) 1(12.5) 1(7.1) 1(7.1)
3.00-3.99 66 (10.8) 21 (7.5) 7(9.2) 1(12.5) 1(7.2) 2 (14.3)
>4.00 116 (18.9) 33 (11.8) 15 (19.7) 1(12.5) 5 (35.7) 3(21.4)
Median 1.7 mm 1.3 mm 1.45 mm 1.78 mm 2.15 mm 1.25 mm 0.05
Histopathologicisubtype
SSM 336 (50.5) 223 (69.3) 53 (60.2) 4 (40) 8 (57.1) 10 (66.7) <0.0001
NM 134 (20.2) 68 (21.1) 23 (26.1) 4 (40) 5 (35.7) 1(6.7)
Lentigo Maligna 56 (8.4) 7 (2.2) 6 (6.8) 1 (10) 0 (0) 3 (20.0)
Mucosal 6 (0.9) 1(0.3) 0 (0.0) 0 (0) 0 (0) 0 (0.0)
Other 107 (16.1) 15 (4.7) 6 (6.8) 1 (10) 0 (0) 1(6.7)
Mitoses
Present Xb) 461 (69.3) 222 (68.9) 63 (71.6) 7 (70) 10 (71.4) 12 (80.0) 0.9
Absent (<1/mm) 185 (27.8) 73 (22.7) 22 (25) 1 (10) 3(21.4) 3(20.0)
Median (IQR) 2 (1-6) 2 (1-6) 2 (0-8) 3.5(1.5-5.5) 2 (1-6) 2.5 (1-5) 0.9
Mean 4.41 4.22 4.90 3.88 4.85 471
Ulceration
Present 163 (25.2) 76 (26.2) 21 (25.6) 4 (50.0) 4 (28.6) 5 (33.3) 0.7
Absent 485 (74.9) 214 (73.8) 61 (74.4) 4 (50.0) 10 (71.4) 10 (66.7)
Lymph node status at diagnosis
Negative 564 (86.0) 232 (76.8) 68 (82.9) 7 (70.0) 8 (57.1) 12 (85.7) 0.003
Positive 92 (14.0) 70 (23.2) 14 (17.1) 3(30.0) 6 (42.9) 2 (14.3)
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AJCC stage at diagnosis

A 129 (19.0) 78 (25.2) 17 (20.2) 2 (20.0) 3 (21.4) 3(20.0) 0.0001
B 183 (27.1) 96 (31.1) 23 (27.4) 3 (30.0) 3 (21.4) 5 (33.3)
A 134(19.7) 29 (9.4) 9 (10.7) 0 (0.0) 0 (0.0) 2 (13.3)
B 81 (11.9) 27 (8.7) 10 (11.9) 1(10.0) 0(0.0) 1(6.7)
Iic 39 (5.7) 7(2.3) 3 (3.6) 1(10.0) 2 (14.3) 1(6.7)
A 37 (5.5) 31 (10.0) 8 (9.5) 0 (0.0) 4 (28.6) 1(6.7)
inB 40 (5.9) 14 (4.5) 2 (2.4) 0 (0.0) 1(7.1) 2 (13.3)
Inc 19 (2.8) 20 (6.5) 5 (6.0) 3 (30.0) 1(7.0) 0 (0.0)
IV (M1A) 4(0.6) 2(0.7) 3(3.6) 0 (0.0) 0 (0.0) 0 (0.0)
IV (M1B) 1(0.2) 1(0.3) 2 (2.4) 0 (0.0) 0 (0.0) 0 (0.0)
IV (M1C) 12 (1.8) 4(1.3) 2 (2.4 0 (0.0) 0 (0.0) 0 (0.0)
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Figure 1. Clinico-pathalogic phenotype and association with BRAF mutation
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