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Dankner M et al. Oncogene (2018) 37:3183-3199
Krebs et al. Scientific Reports. (2022) 12:12528
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Frecuencia de mutaciones del gen BRAF en NSCLC
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Diferentes clases de mutaciones del gen BRAF
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Karoulia Z, et al. An Integrated Model of RAF Inhibitor Action Predicts Inhibitor Activity against Oncogenic BRAF Signaling. Cancer Cell. 2016 Sep 12;30(3):485-498.
Heidorn SJ, et al. Kinase-dead BRAF and oncogenic RAS cooperate to drive tumor progression through CRAF. Cell. 2010 Jan 22;140(2):209-21
Adams R, et al. BRAF inhibitors and their immunological effects in malignant melanoma. Expert Rev Clin Immunol. 2022 Apr;18(4):347-362
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Como se determinan las mutaciones del gen BRAF

Real Time PCR / quantitative PCR (qPCR)

Polymerase chain reaction - PCR

A

BRAF V60OE
TACA GAITG AA AT

\

TITTTTTTT
kb1
P Ll s SRARENNEN]
T« - . T
(6 < /,-TTTHT”TT g LLLLLLLLLL
]]II]]EI (1] (2] 3]
BRAF WT ra—— S
W L -
. NG T TTIITTTTTT

TACAG TG AAAT

o Denaturation at 95-96°C e Annealing at 68°C 9 Elongation at 72°C

Freire J. Comunicaciéon Oral. SEAP 2025
Kurppa, K.J., et all. J. Pathol. (2014), 232: 492-498.
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Como se determinan las mutaciones de BRAF ‘i ]
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Freire J. Comunicacion Oral. SEAP 2025
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Characteristics of the studies included in this meta-analysis.

Firstauthor Year  Source of Pts Methods No.of Pts  Mut BRAF (%) Female (%) Smokers (%) ADC (%) Stage HI/IV (%)
Pratilas 2008 4 countries ~ PCR + SEQ/MALDI-TOF MS 916 17(1.9) 577 (63.0) 614 (67.0) 623 (68.0) NA
Schmid 2009 Austria PCR + SEQ 96 2(2.1) 38 (39.6) 74 (77.1) NA NA
Lee 2010 Korea PCR + SEQ 173 2(1.2) 60 (34.7) 117 (67.6) 117 (67.6) NA
Kobayashi 201 Japan PCR + SEQ/SSCP o281 5(0.9) 204 (35.1) NA 382 (65.7) 124 (21.3)
Marchetti 2011 Italy PCR + SEQ/HRMA 1046 37 (3.5) 187 (25.3) 542 (73.3) 739 (70.7) 218 (29.5)
Paik 2011 USA MALDI-TOF MS 697 18 (2.6) 452 (65.8) 386 (56.2) NA NA

An 2012 China HRMA 452 7(1.5) NA 192 (42.5) 307 (67.9) NA
Sasaki 2012 Japan PCR + SEQ 305 6 (2.0) 148 (56.7) NA NA NA
Cardarella 2013 USA PCR + SEQ 883 36 (4.1) 148 (50.5) 229 (78.4) 256 (87.4) 237 (80.9)
Llie 2013 France PCR + SEQ 450 40 (8.5) 158 (35.1) 403 (89.6) NA 352 (78.2)
Brustugun 2014 Norway PCR 979 17 (1.7) 476 (48.6) NA 646 (66.0) NA
Kinno 2014 Asian PCR + SEQ/HRMA 2001 26 (1.3) 935 (46.7) 844 (42.2) 1835 (91.7) 304 (15.3)
Costa 2015 Spain PCR 80 2(2.9) 28 (35) 64 (80) 71(88.7) NA
Luk 2014 Australia MALDI-TOF MS 273 7(2.6) 129 (47.3) NA NA NA
Shao 2015 China SARMS-PCR 89 1(1.1) 35(39.3) 39 (43.8) 88 (98.9) 16 (18.0)
Tissot 2016 France PCR + SEQ 2690 80 (3.0) NA NA NA NA

11711 270 (2,3%)

Chimbangu CT, et al. A literature review of a meta-analysis of BRAF mutations in non-small cell lung cancer. Medicine (Baltimore). 2024 Feb 23;103(8):e34654
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Table 1. Most frequent BRAF mutabions in NSCLC.

outsiders

C[aés 1

Mutation Class Mucleotide Change AA Change Location in the Protein Effect
WallE I 1799 T=A Activation segment Activate kinase activity
VHOOE 1 1798_1799 delinsAA Activation segment Actvate kinase activi . .
VEOR I 1798_1799 GT=AG Activation ﬁmnr Activate kinase act-iv.-ig BRAF Kinase Domalin
L5970 I 1790 T=A Activation segment Activate kinase activity M P-loop
L597R I 1790 T=0G Activation segment Activate kinase activity Class Il 1463S M C-helix
Ka0ME I 1801 AXG Activation segment Activate kinase activity GA4B4A/EIRIV M Activation loop
G464V i 1391 G=T P-laop Activate kinase activity GA469AIIKIRV L597G/Q/R/ISIV
G469A 1 1406 G=C Glycine-rich region Activate kinase activity VAT1F T5991/IR
CAGIE I 1406 GaA Glycine-rich region Unknown L485FK499E K601E/N/Q/T
G469 I 1405 G=4 Glyeine-rich region Unknown
G466R 1 1396 GoA P-loop Impaired kinase activity \ i
GA466A 1 1397 G P-laop Activate kinase activity
G466V 1 1397 G=T P-laop Impaired kinase activity 491-506 593-633
D594E I 1782 T=0G DFCG maotif Impaired kinase activity I
D594G I 1781 AG DFG muotif Impaired kinase activity Class lll K483E T599A
[594H I 1780 GO DFG motif Impaired kinase activity - G596A/C/D/R
D94 I 1780 Gad DFG motif Impaired kinase activity - GAGOE F595L
N5815a 1 1742 AxG Catalytic loop Activate kinase activity G467l DS94AE/GIHINNV
G596R 1 1786 GxC DFG mokf Impaired kinase activity G466A/E/RV | N581I/K/SITIY

Krebs et al. Scientific Reports. (2022) 12:12528
Dankner M, et al. The evolving treatment landscape for BRAF-mutated non-small cell lung cancer. Transl Lung Cancer Res. 2024 Apr 29;13(4):930-935.
Bortolot M, et al. Navigating Therapeutic Challenges in BRAF-Mutated NSCLC: Non-V600 Mutations, Immunotherapy, and Overcoming Resistance. Int J Mol Sci. 2024 Dec 3;25(23):12972
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MUTACIONES DE BRAF EN DIFERENTES TIPOS TUMORALES
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Dankner M et al. Oncogene (2018) 37:3183-3199
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Dankner M, et al. The evolving treatment landscape for BRAF-mutated non-small cell lung cancer. Transl Lung Cancer Res. 2024 Apr 29;13(4):930-935.
Bortolot M, et al. Navigating Therapeutic Challenges in BRAF-Mutated NSCLC: Non-V600 Mutations, Immunotherapy, and Overcoming Resistance. Int J Mol Sci. 2024 Dec 3;25(23):12972

Br J Cancer126, 889—-898 (2022).
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Case reports of BRAF non-V600 NSCLC.

BRAF Mutation
G469L
G469A

G469V

L597R
D594G
W604C

G469R

p-T599dup

p-T599dup

G596R
G464V
G469V
G469A
E501Q

K601E

G469V
K601E
G466R

Co-Mutations
NR
TP53

APC and CHD2 mutations;
NFKBIA and NKX2-1 ampl.

none
TP53 H193L
none

TP53, STK11, ATK11 mutations;
PI3KCA, PDGFRA, Kit, KDR CDKN2A
ampl/loss.

none

TP53, BRCAZ2 and CTNNB1

NR
NR
NR
NR
none

EGFR, RICTOR

none
FGFR4 and ALK VUS
NF1170fs*15

Drug
Vemurafenib
Dabrafenib/tramet

Dabrafenib/trametinib

Dabrafenib/trametinib
trametinib

Dabrafenib/trametinib

Sorafenib
Dabrafenib/trametinib

Dabrafenib/trametinib

CT-10
CT
CT-10
10
CT-10

Dabrafenib/trametinib

Sorafenib
trametinib
Dabrafenib/trametinib

Line Best Response

1
4

2

w

PD
SD

PR
SD
PR

PR

PR

SD

PR
PD
PR
PR
PR

PR

PR
PR
PD

PFS
2 weeks
6 months

9 weeks

NRat 12
months
4 months
NR at 15
months

6 months

NR at 4 months

8 months

6 months
2 weeks
NR at 18 weeks
NR at 4 years
NR at 3 years

9 months

13 months
4 months
3 months

Case Report
Gautschi et al. [27]
Dagogo-Jack et al. [28]

Negrao et al. [18]

Negrao et al. [18]

Negrao et al. [18]
Reyes et al. [29

Sereno et al. [30]

Turshudzhyan et al. [31]

Jiang et al. [32]

Lazar et al. [33]

Lazar et al. [33]

Lazar et al. [33]
Rittberg et al. [34]
Do et al. [35]

Su et al. [36

Casadei-Gardini et al. [37]

Saalfeld et al. [38]
Citarella et al. [39]

PFS = progression-free survival, PD = progression disease, SD = stable disease, PR = partial response, CR = complete response, NGS = next-generation sequencing, NR = not reached

Adaptado de: Bortolot M, et al. Navigating Therapeutic Challenges in BRAF-Mutated NSCLC: Non-V600 Mutations, Immunotherapy, and Overcoming Resistance. Int J Mol Sci. 2024 Dec 3;25(23):12972
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Como se determinan las mutaciones de BRAF

Kit Comercial Mutaciones detectadas Comentarios adicionales

Detecta mutaciones principales en codén 600 y K601
analisis rapido (~90 min) sin extraccion

IVD

Detecta mutaciones principales en codén 600

Con extraccién de ADN y preparacidn de reactivos
IVD

Detecta mutaciones principales en codén 600

Con extraccion de ADN y reactivos predispensados
IVD

Detecta mutaciones principales en codén 600 y K601
V600E- V600K- V600D- V600R- V600OM- K601E  Con extraccion de ADN y preparacién de reactivos
IVD

Detecta mutaciones principales en codéon 600 y K601
Con extraccion de ADN y preparacion de reactivos

Idylla BRAF Mutation Test V600E (también c.1799_1800delinsAA)* -
(Biocartis) V600D- V600K- V600R- V60OM- K601E

Cobas BRAF V600 V600E (también c.1799_1800delinsAA)*- V600K-
Mutation Test (ROCHE) V600D - V600R

BRAF Mutation Detection V600E- V600K- V600D- V600R- V600M-V600A
Kit (AmoyDx) V600E2-V600D2

Easy® BRAF
(Diatech)

therascreen BRAF RGQ/  V600E (también c.1799_1800delinsAA)*- V60OK-
Pyro PCRKit (Qiagen) V600D - V60OR, K601E, G464 y G469

IVD
NRAS-BRAF Mutation V600E (también c.1799 1800delinsAA)*- V600K- Detecta mutaciones principales en exén 11y 15
Test” (Roche V600D - V600R, G466A, G466V, G469A, GA469R, Con extraccion de ADN y preparacidn de reactivos
Diagnostics)(ROCHE) G469V RUO
S BEAF lzi’?f;::fia v - -— \ﬁﬂ;»ﬂ-&fjﬁ‘# = i @ q Q i @ ‘Q
T T Ny T - b - .. =
: . . =, o ” e VoD Mutation Tost
il = | e = = Sotas chatech
_ ‘ . pharry wacogenencs
<< {: )6 )= | \\

Freire J. Comunicacion Oral. SEAP 2025
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Mutaciones del gen BRAF en Cancer de pulmén

Modify Q Combined Study (13702 samples) A Queried gene is altered in - 702 (6%) of queried patients e
odify Query Querying 13702 samples / 11051 patients in 30 studies €@ BRAF &' * 771 (6%) of queried samples
OncoPrint Cancer Types Summary Plots Mutations Structural Variants Betal Comparison/Survival CN Segments Pathways Download

Mutations Tab Help

BRAF
. Y-Axis Max:
Add tation track: 81 L d® &
amotationtracks | v | oy (81 gue NM_004333
V600E/NV600_K601delinsE/KB01E and 2 more
81— .
_ NM_004333 | ENST00000288602
" - CCDsS5863 | BRAF_HUMAN
& i ? Somatic Mutation Frequency @ 5.0%
é - . Driver vus
_ L ]
’ .o [ 549
0o— o9 @ 1 ® oo m s % o o we e e s ® o9 B oles shonts 6 o o oo dish Sew @ oee ® o @ L] Missense @
Nes Pkinase_Tyr Truncating (0] (18 )
(IJ 2(|]0 I 4(.“)0 | 660 | 76éaa Inframe 6 o
Splice ©
Fusion (42 ] (0]
View 3D Structure

Tasa de mutacion BRAF en pulmén: 6% _
www.ciportal.org
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NGS

A

.
Diagnéstico Biomarcadores 7w
Lap A1 § Lap A2 : Lap A3 s | ot : oot | s ov : st ‘
ot =0 = =z =f|  EGFR i . EEEREENEENEEENN NN NN NN NN NEEN
BRAF i = ]
PD-LL || ALK || ROsi || RET || NTRK | KRAS | s =
i anprasion MET Ex14 : negativo E b ——— |
i — — e —
N H o = 5 ‘ PR % : e e
=1 MRECN o Ry (N , 5% = =
- H&E | i TTF1+| Pao- = |° ! = N A i dempo = @
H o B o & i e -_—_—
H m— acidos nucleicos acidos nucleicos 20-30% —
3 E -} H F|§H Test T H (NGS) g ‘>"‘$="{$=---—--------——————————}
-NE H H =¢
: :

1

H Extraccién
@ : 4cidos nucleic
LapB1 Lap B2
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NGS EN BIOPSIA LIQUIDA @ GUARDANT

o 25 © 100 () 400

Number of patients with an oncogenic BRAF alteration
o 50 200 ()B800

BRAF Class | BRAF Class I BRAF Class Il
« Erdheim-Chester disease Summary statistics for time variable (Days)
50 1 ° Langerh Il histiocytosi
angarans celistocylpsis 1.0 BRAF Median |95% Confidence Interval
_ 407 5 Papillary thyroid Lower Upper
: Classl (n = 305) 818 651 1,433
© Anaplastic thyroid
§ 907 0.8 - Class Il (n = 263) 514 447 679
c
-% . Melanoma Class lll (n = 245) 774 529 1,037
® 20+ —
A & Other thyroid g Class | vs Class Il, HR: 1.4 (1.1-1.8), adj. *P = 0.0395
ol  Melanoma Melangna__ 2 06 - Class | vs Class IIl, HR: 1.2 (0.9-1.5), adj. P = 0.6173
Colorectal f| Pancreatic i Prostate 0 Class |l vs Class Ill, HR: 1.2 (0.9-1.6), adj. P = 0.5946
! @ NSCLC Prostate NSCLC | | § Colorectal NSCLC —
) . é:CoIorectal O h@ e o
0] ®” ®s ©Breast © Breast © Breast @ >
CI) ZU,EIDU 40,;.')00 E) 20,IOUD 4U.I000 6 20,600 40,600 % 0.4
ctDNA positive patients (21 Somatic mutation identified) '5 ’
o ——t
Q d
2 BRAF Class First Line Regimen (top 3) Frequency | Percent
E trametinib + dabrafenib 73 23.8 0.2 4 y
2 _ .
3 Class | (n = 307) (pembrolizumab 45 14.7 BRAF Class | BRAF Class Il
E carboplatin + pemetrexed + pembrolizumab 33 10.8
P carboplatin + pemetrexed + pembrolizumab 53 19.6 BRAF Class Il + Censored
= Class Il (n = 271) |pembrolizumab 4| 154 0.0 J
ES carboplatin + pemetrexed 27 10.0 T T T T T T T T T T
BRAF carboplatin + pemetrexed + pembrolizumab 45 17.9 0 250 500 750 1,000 1,250 1,500 1,750 2,000 2,250
Class lll (n = 271)pembrolizumab 44 17.5
MClass| M Class Il carboplatin + pemetrexed 27 10.8 OS (Days)

[ Class Il [l Multiple

51,783 lung cancer patients with detectable ctDNA

2,398 patients (4.63%) Manabe, T., et al. Nat Commun (2026).
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Tratamientos dirigidos dependiendo del tipo de mutacion de BRAF

RAS/RAF/MAPK Oncogenic BRAF
pathway signaling
L EGF

& ¢ Activated BRAF mutants —————, Uso de diferentes Inhibidores

l 3% RAs-independent RAS-dependent RAF
od 1 l
» RAS-GTP \J L . MEK
= Class | Class Il Class lll
8 l (Monomeric mutants) (Homodimer mutants) (Heterodimer mutants) RAS
E BRAF VG0OE, V600K, V600D, K601E, K601N, K601T, D287H, V459L, G466V, G466E, GA66A,
= VE0OR, VEOOM. L597Q, L597V, G469A, S467L, G469E, N581S, N5811, DS94N,
2 l G469V, G469R, G464V, D594G, D594A, D594H, F595L, G596D.
@ [RAF]
@ - f 2=\ S F -
| orar .__/I.\b.\_. m%, 1
. '- RAFi
ERK (7) l mek] “
Inhibitory efficacy of RAFi \ / l \
Nor:'nt:l cell : ® RSD > Raf-glrive ”
growth and > Potent — —s0ncogenic gro
proliferation ——5 moderate o potent — ~, and proliferation

Ef Poor to moderate

Sig Transduct Target Ther 8, 455 (2023)
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Tratamientos dirigidos frente a BRAF, atencion a las resistencias

RAF Isoform Dependency Switch

Baseline (Pre-treatment) Exarafenib treatment Exarafenib + MEKi combination

- CR:: @Bmut': g @ @ @ mut  mut @ @

MEK /
ERK ERK ERK
Conventional pathway, drug-naive Emergent resistance mechanism Therapeutic Strategy
Column 1 Column 2 Column 3

Manabe, T., et al. Nat Commun (2026).
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> EGFR
\7 ."l
(A) (B) (C) (D) .. B L IR
Wild-type Class | Class Il Class I croz plho @R 7
BRAF BRAF mutant BRAF mutant BRAF mutant 05 RAS —— M Gefinitib
RAS-related and , SHP2 M Osimertinib
RTK inhibitors M Afatinib
RMC-7977 M Cetuximab
RTK RMC-4550 M Erlotinib
RTKs Inhibitors SHPog9 S
J_ BRAF inhibitors
I_r:r:;?:rs/ . MEK inhit‘)iv.:ors ¢ M Vemurafenib
Vemurafenib/ BRAF- *| Paradox Breakers Pan RAF - Tran?et|r1ll:f RAF +— = DabrafenltA)
nib/_| |—Pan R M Cobimetinib M Encorafenib
Dabrafenib/ Vemu/Dab/Enco, Inhibitors/ Binimetinib .
Encorafenib BRAF/CRAF paradox Breakers W Binimetinib. ¢ M Exarafenib
- Mirdametinib M BDTX-4933
Molecular glue — 1 MEK B Naporafenib
M Avutometinib M LY3009120
¢ M Plixorafenib
M Ponatinib
ERK inhibitors ——— ERK B DCC-3084
T tinib/ ! , Rineterkib Belvarafenib
C':l;?ne-nezlnib _l Ulixertinib le\iara eni
ERK inhibitors —| Ravoxertinib GNF-7
Temuterkib Slj1227
MK-8353 DCC-3084
Lirafenib
f P N M Clinical compound approved for BRAF V60oE Tovorafenib
BRAF Mutant Class Dimerization | RAS-Dependency MAPK Targeted Agents Proposed m Approved for other indications BGB659
(A) Wild-Type BRAF + + None M Phase | AZ628
(B) Class | BRAF mutant - - BRAF and MEK inhibitors* - :::njfr:'ate ; PR;::%ZS
(C) Class Il BRAF mutant + - MEK inhibitors (possibly with BRAF inhibitors) Peptide inhibitor
(D) Class 11l BRAF mutant + + MEK inhibitors + RTK inhibitors if no activated RAS 10-mer braftide
*CRC is an exception due to frequent upstream activation of RAS
by receptor tyrosine kinases that promotes BRAF dimerization.

Class | BRAF mutant CRC are refractory to BRAF inhibitors for this reason.

Dankner M et al. Oncogene (2018) 37:3183-3199
doi.org/10.1016/j.jtho.2025.12.001
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NUEVOS ABORDAJES TERAPEUTICOS

RTK

EGFRi/ERBBI

RAS-related

SHPi

PI3K pathway

MEK/ERK

MEKi

Other

PI3Ki

(Immunotherapy)

4 R
Cetuximab | = Avapritinib .
Panitumumab E Ripretinib Capmatinib
Gefitinib 3| Lucitanib Tepotinib
Neratinib & Anlotinib E Savolitinib
\__TPXxd ) 2 Erdafitinib ) 5
- 3 AKT
JAB-3068 BI-1701963 % g Sotorasih
BBP398 MRTX0902 |G 2| Adagrasib
ET0038 _| Bavass ¢ | ini-7a699157
ek 8 BI85 o | Tipifarnib
\RMC4550 v SOSlPROTAC)E =
CMPEII:.“.L Ipatasertib
oPanisi® | 2| AKT PROTAC
Duvelisib | O
Idelalisib | 'E
S Everolimus
Inavolisib | = T iroli
& Taselisib § emsirolimus
v
Trametinib
Cobimetinib
Binimetinib Ulixertinib mTOR
Selumetinib Ravoxertinib
Pimasertinib | _| 1Y3214996
Mirdametinib | =
\_MEK1/2 PROTAC/ “ 4
Navitoclax (BCL-2i) )
Palbociclib (CDK4/6i) : surw.val
CDK4/6 PROTAC proliferation
Anti-PD1/PDL1/CTLA negative feedback

adaptive mechanisms

N _EEN B Iy
1 N | B ] Eeeaae.
L I

T——— ot
A i "
p85 ®
o PLX7904* 3
p110a Vemurafenib FORES394* )
Dabrafenib Paradox g
Encorafenib breaker g
*aC-RS060ut %
------------------- (" xuasa
GDC0879 RAF709
| 58590885 Belvarafenib
.................................. - Regorafenib
DAY101 Sorafenib
TAK632 PHI1* 2
LY3009120 Ponatinib® 3
Lifirafenib *aC-allosteric BP-IV §
AZ628 “aC-center 3
BDTX-4933¢ 2
=
BGB659/3245% XP102 2
KIN-2787* 3
#CIDO inferred
- BRAFtide
non-kinase
RAF inhibitors
L. VS-6766
Sans RAF kinase inhibitors
eyclin D1 Selectivity: (Dmonomer @) equipotent@ dimer
S - Configuration: ()CODI Qcii @cipo @cono,
— p catenint____L___©%  RAFpriming:Q- L 3 @+ :
P I I e T P oI RAF/MEK bl'ndl'ng:o_ .+
DUSPs
o unknown: O

Nat Rev Clin Oncol . 2024 March ; 21(3): 224-247.
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CONCLUSIONES

- Existen 3 clases de mutaciones del gen BRAF

- La deteccidon de dichas mutaciones se debe
hacer mediante técnicas basadas en NGS tanto
en tumor solido como biopsia Liquida

- Conocer dichas alteraciones, abre la puerta para
el uso de farmacos dirigidos de manera
combinada a dichas vias de sefalizacion.

Class 1 BRAF mutant
V600E/K/D/R/M/G

Class 2 BRAF mutant
G469A/V/S/R, G464E/V/R,
R462I, 1463S, ES86K, L485W,
L597Q/R/S/V, A598V, T599I,
K601E/N/T, A727V, P367L/S

Class 3 BRAF mutant
G466A/E/V/R/L, S467A/E/L, G469E,
K483M, N581Y/I/S, D287H/Y, V459L,

FS95L, DS94A/E/G/H/N/V/Y,
G596A/C/D/R

RTK

.
(GoP

N\
/ RAS
“—\_inactive

-

._@@
:

ERK

RAS-independent
Higher kinase
activity
Monomers

7N
(eDP/” RAS
~—\_Inactive

{5

MuT
s

-

* RAS-independent

* Intermediate kinase activity

e Homodimers
¢ BRAF dimers

Cancer Treatment Reviews 103 (2022) 102335

* RAS-dependent

Compromised kinase

activity

*  Wild-type CRAF
heterodimer
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