BRAF mutations are potentially targetable alterations in a wide variety of solid cancers /\/,\ )
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Background: The BRAF gene mutations are potentially targetable with several Tissue sambles Fiure 3. Potertial th ccallv relevant alterations that t BRAF
- . .. H igure 5. rotentia erapeutically reievant aiterations that Co-occur wi
treatment modalities approved in a limited number of cancer types. The present P _ _ o _ _ Table 1. Frequency of V600 Mutations across Tumor Types T yerr—, s
study explored the spectrum and frequencies of BRAF mutations in a wide variety A cohort of 36,312 solia tumors were prof|Ie:d at Caris Life Sciences, (Phoerflx’ AZ) using Sanger Histoytpe VEOOE | V60K |  VG0OR | VGOOE(2) | V60D | VOOM V600_K6OldelinsE| \ycoiici e BRAF Status EGFRpos. | PTENloss ~ AKT ~ PIK3CA  PTEN  STKIL | KRAS ~  HRAS NRAS
of solid tumors and NGS assays. Next-generation sequencing (NGS) and Sanger sequencing: e == - - - - - a - V600E 58% (148/255)[49% (536/1046) 2% (8/532) 8% (50/653) 6% (31/509) 2% (9/521) [0.2% (2/927) 0.4% (2/465) 1% (4/705)
. . . . . . . other V600 17% (5/30) 44% (55/98) 1% (1/76) 1% (1/90) 6% (4/68) 1% (1/71) 0% (0/89) 0% (0/65) 0% (0/90)
. . . . . . NGS was performed on enriched tumor genomic DNA isolated from formalin-fixed paraffin Melanoma 462 82 12 3 1 1 3 - non-V600 42% (84/201) [35% (246/378) 1% (5/337) 8% (28/367) 7% (21/322) 5% (15/323) [19% (73/393) 2% (6/303) 5% (20/369)
Materials and Methods: 36,312 solid tumors were profiled using different gene embedded samples using the lllumina MiSeq platform. Specific regions of the genome were TC 75 - - - - - - - 0.0001
sequencing assays (Sanger and Next-generation sequencing, Caris Life Sciences, amplified using the lllumina TruSeq Amplicon - Cancer Panel. The NGS panel included 45 NSCLC 28 2 - - - - 2 1 — —— EE—— ——
: . . . cupP 20 1 - - - - - - %
Phoenix, AZ) and immunohistochemistry. different genes listed here: http://www.carismolecularintelligence.com/next-generation- EOC 40 ) ] ) ] ) ) i w
Results: Overall, 5% of all solid tumors harbored BRAF mutations (77% V600E and sequencing-profile). All variants were detected with >99% confidence based on the frequency of GBM 24 - - - - - - - £ 50% 1
23% non-V600E). As expected, BRAF mutations were detected in 38% of thyroid the mutation present and the amplicon coverage using a mutation frequency threshold of 10% | NET 9 - - - - - - - S 25 I .
. . . . . Biliary Tract 9 - - - - - - -
cancers (4% non-V600E), 35% malignant melanomas (13% non-V600E), 9% (4, 5). All regions that were sequenced achieved a minimum of 100x coverage and overall Sarcomas - - - - - - - - 0% - , = ,
. . H V600E other V600 non-V600
colorectal (10% non-V600E), 6% small intestinal cancers (92% non-V600E) and 4% samples had an average coverage of >500x. Sanger Sequencing was used to explore selected Breast 6 ] ] ] ] 1 ; ] )
regions of BRAF, KRAS, c-KIT, EGFR, and PIK3CA. Testing also included one or more of the ECD* 4 - : : : : - - TECTRpostive | MPTHNlos WA mMeor  meER meTan e e e
NSCLC (65% non-V600E). Non-V600E mutations with functional impact on kinase f ﬁ _ AN (|HC; . g(C/FISH) e eerin 3 : : : : : : : e TR R ——
C el . ollowing: protein expression , gene amplification , microsatellite instability testing : igure 3. Co-occurring alterations in -mutated patients, according to specific alterations.
(o) _ . (o) (o) (o) _ _ - _ _ _
activity included (% variant/non-V600E): V600K (24%), D594G (7%), G469A (9%), by fragment analysis (FA) Gastric 3 positivity and PTEN loss are detected by IHC, whereas AKT, PIK3CA, PTEN, STK11, KRAS, HRAS and NRAS
o o ) Pancreatic 3 - 1 - - - 1 - . i . g . . .
G466V (6%), and G469V (5%). Some other cancer types also harbored BRAF Low Grade Glioma 5 - - - - - - - are detected by sequencing methods. Positive EGFR status was significantly higher in V600E solid tumors
mutations (GBM; 75% V600E and 25% non-V600E, biliary tract cancers; 43% GIST 1 : : : : : : : Lha;]‘ OtfherVGOO m“\t;gc‘)%f; (Vd600'</ \R/é %Oe“;) a”d\f/‘g&'}\sg;’[)m“ta“z;:sas well. Z”GCA s fOT”ﬁ =
. . . . igher frequency in and non- , than in , etc. occurred at significantly higher
V600E, 57% non-V600E), while esophageal/GEJ, gastric, liver, pancreatic and head Resu ItS **Eyll analysis involved an additional 11293 patients profiled since abstract submission SBA 1 - - - - - - - fregquencyqin nor:l-VSOO BRAF-mutated tumors than VG0OE © yhe
and neck cancers were mostly devoid of BRAF mutations. The most common 50 - "Erdheim-Chester Disease 4/4 V600E-mutated
concurrent alterations associated with potential resistance to BRAF inhibitors, and T Type (BRAF-mutated/ rotal tested t type] oreval ¢ BRAF . o — o
L - , . . umor Type -mutated/n, n=total tested tumor type revalence o mutations i - - ] -
with implications for dual-targeting approaches, included mutations of PIK3CA P ’ P » 7 " 2 s “V6OOE  mnom V600 F'If”ret.‘l' c".m';:':;" °: °t°:°°‘:"'"gt |
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(7%), PTEN (6%), KRAS (5%), NRAS (2%), AKT1 and NRAS (1%, respectively), and . . . . . . . . . . o 7% cancers. RAS mutations are more frequent
. . . . o . . % . 2 60% - ) '
over-expression of EGFR (53%). Of interest, overexpression of EGFR in BRAF- Thyroid Carcinoma (78/206) 37.:9% 3 s in non-V600, however 4 BRAF V600E
. . . . | % 30 - .
mutated tumors was highest in the tumor type with poor clinical response to BRAF Velanoma (670/1329) 34.7% g 0% - mutated CRC tumors harbored concurrent
inhibi | | ith 80% d | . | 6% h Colorectal Adenocaricnoma (641/7222) 8.9% )5 S 30% - activating RAS mutations: (KRAS: Q61L,
inhibitors (colorectal cancer wit 6), and lowest in melanoma (6%) where ol itestingl Adenocarcinomas (13/216 o 2 0% - G13D; NRAS:V45I, HRAS:c.290+2T>C). MSI
monotherapy has been more successful. o 20 1 10% - I i
. py . . . Non-Small Cell Lung Cancer (175/4037) 4.3% H V600-Mutated ® Non-V600 Mutated 0% - : : : . was morz frequent In VOOOE ml:itated CRE
Conclusions: Activating BRAF mutations (both V600E and non-V600E) are | 15 - carR (RAS one nmas rcrostelie picaca | COMPared to non-V600-mutated CRC (36%
. . . . . . . . Cancers of Unknown Primary (CUP) (43/1079) 3.9% Instability VS. 6%).
potentially targetable in a substantial proportion of various solid malignancies. A Sloblastoms (32/930) 31 10
subset of BRAF-mutated cancers harbors additional genetic alterations and/or Biliary Tract Cancers (21/703) o | HH
Over-express EGFR WhICh may reqUIre expandEd/duaI targetlng treatment to Low Grade Glioma (2/88) 2.3% BRAF tati t detected in the foll . | S NERNEEERNRINEERE ‘.|.|.|.IIIIIIIII.I.l.IIIIl.l.lll.IIIIIIl.l.|.llllllll|.|.|.lll.ll|.|.|.|.l.llll|.|.|.|.llllll|.|.|.|.llll|.ll|.|.llllllllllllllllllllllll . C I °
, mutations were not detected in the followin 359358530030 0 YER0 3593 03383 095 28305280 0580 280 00a 020500 00555359%588¢
overcome resistance. Neuroendocrine Tumors (16/823) 1.9% ' _ & EEEE AR REE R ER R SRR LS R ERES FEREEREIRE EERRERRE R EEEERR R R ES RS EER R R IR DR 1 L onciusions
tumor types: hepatocellular carcinomas (0/277), . L i : . _ . _
Kidney Cancer (6/341) 1.7% thymic carcinomas (0/54) and uveal melanomas < g >§2 : g : * ACt'VaUng BRAF mutations (bOth VGOOE and non‘VGOOE) are pOtentIa”y
Small Cell Lung Cancer (4/261) . 1.5% (n=0/104)- Figure 2. Frequency of non_VGOO mutations across solid tumors. targetable in d SUbStantiaI pr‘OpOrtiOn Of VariOUS SOIid ma“gnanCieS.
Gastric Adenocarcinoma (6/401) 1.5%
BaCkgrou nd o ‘ . **Non-V600 mutations in thyroid cancer (TC) were . o .
The BRAF gene, located on chromosome 734, is a constitutive part of the Epithelial Ovarian Cancer (81/5883) [l 1.4% K601E (n=2) in follicular variant of papillary TC, and Table 2. Most frequent non-V600 mutations are described with preclinical and clinical implications * The V600E mutations were more prevalent (77%) although a substantial
. . : . . . : Soft Tissue Tumors (Sarcomas) (10/976) [l 1.0% F583L in papillary TC i Most-observed Clinical (C) or Pre-clinical (P) Data itati roportion of non-V600E m ions with functional im n kin ivi
MAPK/ERK signaling pathway involved in cancer initiation and progression. BRAF is ot oneer /255y 0% papriary Variant | ™ imor type Regarding Treatment Implications Citations P opol t Od ? tod V6600%K (zli:;t) OD ;94é (7?)/ )Cth:l6a9A (9p‘;§th:lGGV ?gf/)act dty
. . adaer tancer B G469A NSCLC G469A: Porcelli et al. (2015) Journal of Translational Medicine Was also detecteaq: () () () o) AN
~"70 ’
one of the most frequently mutated genes in human cancer (~7%) (1). Since 2002 Sastrointestina! Stromal Tumors (6157 (1/113) W 0.9% acov . O kel esstant o vemuraents L our SacoV (5%) ’ ’
when Davies et al. described BRAF mutations in a subset of human neoplasms (2) o . 0.8% 64698 | Melanoma. CRC C: Potentially responsive to sorafenib G469L: Gautschi, et al. (2013) Lung Cancer, 82(2):365-7. '
. . . Prostatic Adenocarcinomas (3/383) o ’ G469R: Sereno, M, et al. (2015) Anticancer Drugs, 26(9):1004-7.
there have been numerous studies exploring BRAF status in human neoplasms pancreatic Adenocarcinoma (10/1331) Il o.8% D594N NSCLC|P: kinase dead mutation, utility to BRAF inhibitors are A subset of BRAF-mutated harb dditional tic alterati
. . : . 8% i i . -m ncer rbor ition neti ration
(e.g. melanoma, thyroid, colorectal, lung, ovarian cancer, hairy cell leukemia, terne/Endometrial Cancers (/3224 [ 0.9% et A thon MEK bltore mow st Heidorn, et al. (2010) Cell 140(2):209-21 SUDSER O utatee cancers harbors adaitional Eenctic aerations
itiol | histi 3.4 D594G CRC "otential benefit (KRAS, PIK3CA, PTEN, AKT1, NRAS) and/or over-express EGFR, which may
multiple myeloma, histiocytoses) (3-4). Breast Cancer (19/4082) || 0.6% _ _ _ _ _ , , ,
CRC. Melanoma _ C: Likely responsive to_ve_m.u_rafenlb L597R: Bahadoran, et al. (2013)JCI_|n Oncol, 31(19) require expa nded/d Ual ta rget|ng treatment to overcome a pOtentlaI resistance
Gastroesophageal (GE)/GEJ cancer (2/543) 0.5% L597R/S 'Ovarian ’ C: Likely responsive to MEK inhibition (TAK-733, L597S: Dahlman, et al. (2012) Cancer Discovery, 2:791-797. h .
. . . t tinib L597Q: B . et al. (2014). Mel Res, 24(5):504-8. m nism.
The BRAF gene (V600E and non-V600E) mutations are clinically relevant due to the Non-Epithelial Ovarian Cancer (1/263) || .49 p: Slightly higher evels of BI;:AIZ signaling compared e oo, AL Meenona fes, 248) eehanis
ta rgeted treatment moda“ties (e.g. Vemurafenib’ dabrafenib’ tra matenib) that Head & Neck Cancer (1/458) 0.2% G464V CRC, NSCLC with WllthDEBRAF, 'howe\{er vemu'rafenib lacks Yang, et al. (2010) Cancer Res 70, 5518.
h b d in a limited number of cancers so far (3-4) - ___ actIVIEyatgalnsttms Z|tter3t6.gg.E : Refe rences
ave peen approve -4). GAGEE elanoma, - low kinase activity compared to , however
. . . . Ovarian still activates ERK through CRAF, sorafenib is a better Wan, et al. (2004) Cell, 116(6):855-867. . . _
Figure 1. BRAF mutation spectrum across solid tumors. Of 36,312 solid tumors Gas6V NSCLC inhibitor of CRAF than mutant BRAF ; JDabbar I'fIJ et i'-l\?m J Sllz'f(‘)éo';azqgl ;2;559-454 61.
. : . . N581I NSCLC P: low kinase activity compared to V600E, however . avies H et al. Nature ; . -4,
In the present StUdy we explored the SpeCtrum and frequenC|eS Of BRAF mUtatlonS teSted; 1867 harbor BRAF mUtatloni for d mUtatlon frequency Of 5% Frequency . ) still activates ERK through CRAF, sorafenib is a better Wan, et al. (2004) Cell, 116(6):855-867. . .
in a laree cohort of solid tumors and analvzed other potentially tareetable displ dis % of BRAF ) | q a| q N581S Uterine, Ovarian et CRAF than mutant BRAF 3. Hall RD, Kudchadkar RR. Cancer Control 2014;21:221-30.
. 5 L. . . y P y 5 ISplaye ) 15 _0 0 rnUFathnS among total teste » ACross tun_]or typeS. uean K601E Melanoma, NSCLC| C: Likely responsive to MEK inhibition (trametinib) K601E: Bowyer, et al. (2014). Melanoma Res, 24(5):504-8. 4, Hyman, DH et al. NEJM 2015,373726-736
biomarkers co-existing with BRAF mutations. Red bars indicate the distribution of V600- and non-V600 mutations across tumor 5. Gatalica Z et al. Oncotarget 2015;6:19819-25.

types, respectively.
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