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• Precision Oncology & Translational Research

• Successful stories of the contribution of 
translational research:

• Treatment in BRAFV600E mCRC

• Anti-EGFR therapies in mCRC

• A glimpse into the future



PRECISION ONCOLOGY

Shree B et al.  Cancer Cell 2022

“Precision medicine (analogous to personalized medicine) is an innovative approach that uses information about an 
individual’s genomic, environmental, and lifestyle information to guide decisions related to their medical management” 1



TRANSLATIONAL RESEARCH

• Translational research, also known as translational medicine or translational science, is the process of applying 
scientific discoveries from basic research to develop new ways to diagnose, treat, and prevent disease in humans. 

• It focuses on bridging the gap between laboratory findings and practical applications in clinical and community settings. 
Essentially, it's about moving research "from the bench to the bedside" and then into the community. 

• The purpose of translational research is to test, in humans, novel therapeutics strategies developed through basic 
research and experimentation.



TREATMENT IN BRAFV600E MCRC



DEFINING BRAF MUTATIONS

Hanrahan AJ. Nat Rev Clin Oncol 2024

• BRAF mutations can be classified based on their function

and their effects on BRAF dimerization.

•Class I mutations have BRAF activity as monomers.

•Class II mutations are constitutively active only as dimers.

•Class I and II mutations are both RAS-independent and

activate the MAPK pathway.

•Class III mutations require coexisting RAS activation.

• BRAF-V600E constitutes the 95% of BRAF mutations in

CRC.



BRAFV600 IN HUMAN CANCERS

Subbiah V, et al. CA Cancer J Clin 2024; Adashek JJ, et al. Mol Cancer Ther 2022; Frequency of BRAFV600 mutations in 43 different tumour types across 2963 simples in the AACR GENIE database

• BRAF mutations are ubiquitous in both solid and

haematological cancers, adults and children.

• Thyroid cancer, melanoma, colorectal cancer, and

gliomas are the solid tumours with the highest

prevalence of the BRAFV600 mutation.



BRAFV600E Mutations in mCRC

8xis associated with poor prognosis, with a median
overall survival (OS) of 11 months, and poor response
to standard chemotherapy

 The BRAF-V600E mutation is related to the
CpG island methylator phenotype6

1.Sorbye H et al. PLoS One 2015; 2.Tran B et al. Cancer 2011; 3. Venderbosch S et al. Clin Cancer Res 2014; 4. Seligmann JF et al. Ann Oncol 2017; 5. Rowland A et al. Br J Cancer 2015; 
6. Weisenberger DJ et al. Nat Genet 2006; 7. Barras D et al. Clin Cancer Res 2017; 8. Kopetz S et al. J Clin Oncol 39, 2021; 9. Middleton G et al. Clin Cancer Res 2020

BRAFV600E: 8 to 12% mCRC1

Phenotype2: 
 Female sex
 Mucinous right-sided tumors
 High tumor burden: Peritoneal, 

lymph node M1
 <5% M1 achieve liver surgery

Biomarker role: 
Prognostic4: mOS 8-24m 
Predictive5: No significant benefit 
from anti-EGFR treatments

 MLH1 promoter gene is silenced by
hypermethylation (sporadic MSI phenotype)6

20-30% of BRAFV600E tumors present
microsatellite instability (dMMR/MSI-H)3

BRAFV600E mCRC is a molecularly complex and
heterogeneous disease7-9:

 Enrichment CMS1 and CMS4 subtypes

 BM1: 30%, KRAS/AKT pathway activation,
strong immune profile

 BM2: 70%, cell cycle and cycle checkpoint–
related deregulation

MLH1vMLH1 MSH2

PMS2 MSH6



FROM TUMOUR-AGNOSTIC TO TISSUE-SPECIFIC
Tissue is the issue

ORR 5%

ORR>50%

Hyman D; et al. N Engl J Med. 2015;Sosman JA, et al. N Engl J Med. 2012; Flaherty Kt et al. N Engl J Med. 2010; Kopetz S, et al. J Clin Oncol 
2010; Falchook GS, et al. Lancet. 2012; Delord JP, et al. Clin Cancer Res. 2017
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Encorafenib Dabrafenib

NCT ORRDrug
NCT00880321 11%Dabrafenib

NCT017509188 0%Encorafenib
ORR>50%

ORR>50%

FROM TUMOUR-AGNOSTIC TO TISSUE-SPECIFIC
Tissue is the issue



Prahallad A et al. Nature. 2012; Corcoran RB et al. Cancer Discov. 2012

FROM TUMOUR-AGNOSTIC TO TISSUE-SPECIFIC
Tissue is the issue



BEACON STUDY

Encorafenib 
300 mg PO daily

+

Binimetinib
45 mg PO BID

+

Cetuximab
Standard weekly dosing*

Safety lead-in (N = 30)

*Initial dose of 400 mg/m2 of body 
surface area as an initial dose, 

then 250 mg/m2 weekly

1. Kopetz S et al. N Engl J Med 2019; 2. Tabernero J et al J Clin Oncol 2021

Patients with BRAFV600E mCRC with disease progression after 1 or 2 prior regimens; ECOG PS 0-1; 
and no prior treatment with any RAF inhibitor, MEK inhibitor, or EGFR inhibitor



1. Kopetz S et al. N Engl J Med 2019; 2. Tabernero J et al J Clin Oncol 2021

• The Beacon Study met its 
primary endpoint showing 
significant benefit in terms of OS, 
PFS and ORR favoring the 
investigational arms1

• No meaningful differences were 
observed between the doublet 
and the triplet combinations1

• The investigational combinations 
showed a favorable safety profile 
with longer maintenance of 
quality of life over the control 
arm1,2

BEACON STUDY



0.56 0.49 0.37 0.50 0.670.31MEDIAN = 

DETERMINANTS OF LIMITED ACTIVITY
adjMAFs (adjusted MAFs) =  

MAF/tumor purity 

Dienstmann et al, Mol Oncol 2017



DETERMINANTS OF RESISTANCE BY LIQUID BIOPSY

Kopetz S et al, Nat Med 2024

CONTROL Enco + Bini + CetuxiEnco + Cetuxi



BREAKWATER: STUDY DESIGN

BREAKWATER (NCT04607421) is an open-label, multicenter, phase 3 study in first-line BRAF V600E-mutant mCRC

EC (n=158)

SOC (n=243)c

EC + mFOLFOX6 (n=236)
R

1:1:1a,b

N=637

Stratified by regions (US/Canada vs Europe 
vs Rest of World) and ECOG PS (0 vs 1) 

We present the primary analysis of PFS by BICR and a second interim analysis of OS in the EC + mFOLFOX6 and SOC arms, 
the efficacy data in the EC arm, and safety data in all arms

Inclusion criteria

• Age ≥16 years (or ≥18 years based on country)
• No prior systemic treatment for metastatic disease
• Measurable disease (RECIST 1.1) 
• BRAF V600E-mutant mCRC by local or central 
laboratory testing

• ECOG PS 0 or 1 
• Adequate bone marrow, hepatic, and renal 
function Exclusion criteria

• Prior BRAF or EGFR inhibitors
• Symptomatic brain metastases 
• MSI-H/dMMR tumors (unless patients were 
ineligible to receive immune checkpoint inhibitors 
due to a pre-existing medical condition)

• Presence of a RAS mutation

Dual primary endpoints: 
PFS by BICR 

ORRd by BICR 

Key secondary endpoint:
OS

aFollowing a protocol amendment, enrollment to the EC arm was stopped and patients were randomized 1:1 to the EC + mFOLFOX6 or SOC arms. bPatients were enrolled between November 16, 2021, and December 22, 
2023. cmFOLFOX6/FOLFOXIRI/CAPOX ± bevacizumab. dIn the first 110 patients in each of the EC + mFOLFOX6 and SOC arms.
BICR, blinded independent central review; CAPOX, capecitabine/oxaliplatin; dMMR, deficient mismatch repair; EC, encorafenib plus cetuximab; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal 
growth factor receptor; FOLFOXIRI, fluorouracil/leucovorin/oxaliplatin/irinotecan; mFOLFOX6, modified fluorouracil/leucovorin/oxaliplatin; mCRC, metastatic colorectal cancer; MSI-H, microsatellite instability-high; RECIST, Response 
Evaluation Criteria in Solid Tumors.

Elez E et al, Proc ASCO 2025, NEJM 2025



BREAKWATER: PFS BY BICR (EC + mFOLFOX6 AND SOC)

mPFS: 7.1 mo
(95% CI 6.8, 8.5)

mPFS: 12.8 mo
(95% CI 11.2, 15.9) 

SOC

EC + mFOLFOX6 

SOC
n=243

EC + mFOLFOX6
n=236

132 (54.3)122 (51.7)No. of events, n (%)

7.1 mo
(95% CI 6.8, 8.5) 

12.8 mo
(95% CI 11.2, 15.9)Median PFS

0.53
(95% CI 0.407, 0.677)

P<0.0001
PFS hazard ratio

Data cutoff: January 6, 2025.
BICR, blinded independent central review; EC, encorafenib plus cetuximab; mFOLFOX6, modified fluorouracil/leucovorin/oxaliplatin; SOC, standard of care; mPFS, median progression-free survival

EC+mFOLFOX6

SOC

EC+mFOLFOX6

SOC

P
ro

b
ab

ili
ty

 o
f P

F
S

0 126 18 30 423624

236 96156 39 4 116

243 34100 11 1 03

Time (months)
No. at risk

1.0

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

PFS by BICR (EC + mFOLFOX6 and SOC)

Elez E et al, Proc ASCO 2025, NEJM 2025



BREAKWATER: OS (EC + mFOLFOX6 AND SOC)

Data cutoff: January 6, 2025. aExceeding the threshold for statistical significance in this interim analysis.
EC, encorafenib plus cetuximab; mFOLFOX6, modified fluorouracil/leucovorin/oxaliplatin; NE, not estimable; SOC, standard of care; mOS, median overall survival
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148 (60.9)94 (39.8)No. of events, n (%)

15.1 mo
(95% CI 13.7, 17.7) 

30.3 mo
(95% CI 21.7, NE) Median OS

0.49 
(95% CI 0.375, 0.632)

P<0.0001a
OS hazard ratio

mOS: 15.1 mo
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BREAKWATER: BEST ORR BY BICR

0%

20%

40%

60%

80%

100%

EC EC + mFOLFOX6 SOC

Data cutoff: January 6, 2025.
aNon-CR/PD: 7 (4.4%), 5 (2.1%), and 9 (3.7%), respectively; not evaluable: 10 (6.3%), 18 (7.6%), and 37 (15.2%), respectively.
BICR, blinded independent central review; CR, complete response; DOR, duration of response; EC, encorafenib plus cetuximab; mFOLFOX6, modified fluorouracil/leucovorin/oxaliplatin; 
PD, progressive disease; PR, partial response; SD, stable disease; SOC, standard of care; TTR, time to response.

CR PR

SOC
n=243

EC + mFOLFOX6
n=236

EC
n=158

All randomized patients

Confirmed best overall 
response, n (%)a

8 (3.3)11 (4.7)3 (1.9)CR

83 (34.2)144 (61.0)69 (43.7)PR

85 (35.0)50 (21.2)57 (36.1)SD

21 (8.6)8 (3.4)12 (7.6)PD

n=91n=155n=72Responders

7.3 (5.4 to 48.0)7.0 (5.1 to 103.6)6.6 (4.3 to 86.4)TTR, median (range), weeks

10.8 (7.6, 13.4)13.9 (10.9, 18.5)7.0 (4.2, 11.6)
DOR, median (95% CI), 
months

38 (41.8)110 (71.0)29 (40.3)
Patients with a DOR of ≥6 
months, n (%)

16 (17.6)54 (34.8)15 (20.8)
Patients with a DOR of ≥12 
months, n (%)

P
a

ti
e

n
ts

CR PR

Confirmed ORR by BICR
(95% CI)

Confirmed Best Overall Response, TTR, and DOR by BICR 

CR PR

45.6%
(38.0, 53.3)

65.7%
(59.4, 71.4)

37.4%
(31.6, 43.7)

Elez E et al, Proc ASCO 2025, NEJM 2025



BREAKWATER: SAFETY SUMMARY   

SOCEC + mFOLFOX6EC
Patients, n (%)

n=229n=232n=153
25.9 (2.0-150.0)49.8 (1.3-161.9)27.0 (2.0-153.6)Duration of treatment, median (range), weeks

All causality 

227 (99.1)232 (100)149 (97.4)TEAE

153 (66.8)189 (81.5)65 (42.5)Grade 3 or 4 TEAE

10 (4.4)10 (4.3)4 (2.6)Grade 5 TEAE

89 (38.9)107 (46.1)46 (30.1)Serious TEAE

40 (17.5)62 (26.7)20 (13.1)TEAE leading to permanent discontinuation of any study treatment

124 (54.1)152 (65.5)16 (10.5)TEAE leading to dose reduction of any study treatment

168 (73.4)212 (91.4)63 (41.2)TEAE leading to dose interruption of any study treatment

Treatment-related 

217 (94.8)232 (100)136 (88.9)AE related to any drug

134 (58.5)177 (76.3)24 (15.7)Grade 3 or 4 TRAE

1 (0.4)a00Grade 5 TRAE

50 (21.8)45 (19.4)10 (6.5)Serious AE related to any drug

Data cutoff: January 6, 2025.
aSepsis (preferred term). 
AE, adverse event; EC, encorafenib plus cetuximab; mFOLFOX6, modified fluorouracil/leucovorin/oxaliplatin; SOC, standard of care; TEAE, treatment-emergent adverse event; TRAE, treatment-related adverse event.

Elez E et al, Proc ASCO 2025, NEJM 2025



BREAKWATER: Most Frequent (≥25%) TEAEs

Data cutoff: January 6, 2025.
aFrequency is based on the EC + mFOLFOX6 arm. 
EC, encorafenib plus cetuximab; mFOLFOX6, modified fluorouracil/leucovorin/oxaliplatin; SOC, standard of care; TEAE, treatment-emergent adverse event.
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Elez E et al, Proc ASCO 2025, NEJM 2025



CAN WE SQUEEZE THE BEACON REGIMEN OUTCOMES?

Strategy 1: Optimize patient Selection



STRATEGY 1: OPTIMIZE PATIENT SELECTION

Role of plasmatic BRAF-V600E allele fraction as prognostic factor in metastatic colorectal 
cancer treated with encorafenib-cetuximab +/- binimetinib

Ros J et al. Ann Oncol 2023



Role of plasmatic BRAF-V600E allele fraction as prognostic factor in metastatic colorectal 
cancer treated with encorafenib-cetuximab +/- binimetinib

Ros J et al. Ann Oncol 2023

STRATEGY 1: OPTIMIZE PATIENT SELECTION



• Truncating mutations of RNF43 are more
prevalent in MSI/dMMR tumors and show mutual
exclusivity with inactivating APCMT in CRC1

• These mutations would activate the WNT/B-cat
pathway less efficiently than APCMT

• The real interplay between RNF43 and BRAF
pathways has not been established yet

2. Bugter JM et al. Nat Rev Cancer 20211. Giannakis M et al. Nat Gen 2014

RNF43 encodes an E3 ubiquitin ligase that negatively regulates Wnt signaling 

STRATEGY 1: OPTIMIZE PATIENT SELECTION



RNF43 mutations predict response to anti-BRAF/EGFR combinatory therapies in BRAFV600E mCRC

Elez E et al. Nat Med 2022 

STRATEGY 1: OPTIMIZE PATIENT SELECTION



CAN WE SQUEEZE THE BEACON REGIMEN OUTCOMES?

Strategy 2: Preventing resistance 



STRATEGY 2: PREVENTING RESISTANCE

VEGF blockade enhances the antitumor effect of 
BRAFV600E inhibition

Comunanza V et al. PNAS 2017

Targeting oncogenic serine/threonine-protein kinase BRAF in cancer 
cells inhibits angiogenesis and abrogates hypoxia

Bottos A et al. PNAS 2012

Angiogenesis and BRAF inhibition



Angiogenesis and BRAF inhibition

WES, sWGS, Methylome, IHC; 
Radiomics, Single Cell RNA seq

Identification of Druggable Targets 
Responsible for Tumor Resistance 

New Drug Combinations

STRATEGY 2: PREVENTING RESISTANCE



CAN WE SQUEEZE THE BEACON REGIMEN OUTCOMES?

Strategy 3: Immune modulation



STRATEGY 3: IMMUNE MODULATION

• 43% of BRAFV600E CRC can be classified as CMS11.

• It has been described the potential of an increased T-cell infiltration after BRAF targeted therapy in paired patient tumor biopsies
and promising activity of PD-1/BRAF/MEK inhibition strategies2.

• Furthermore, EGFR/BRAF inhibition has demonstrated to induce DNA damage, increased mutability and triggered microsatellite
instability3. Encouraging data has been presented combining PD1-inh + BRAF/EGFR inhibitors in BRAFV600E MSS mCRC.

1. Guinney J et al. Nat Med 2015; 2. Corcoran R et al. Ann Oncol 2020; 3. Russo M et al. Science 2019; 3. Morris V et al.  J Clin Oncol 2022



SWOG 2107 test the benefit of addition of nivolumab to 
encorafenib + cetuximab in patients with MSS BRAF 

V600E mCRC

Encorafenib + cetuximab + nivolumab* is safe/well tolerated and active for patients with MSS BRAFV600E mCRC

Morris V et al. ASCO GI 2022

STRATEGY 3: IMMUNE MODULATION



Combined PD-1, BRAF and MEK inhibition in BRAFV600E CRC, regardless of MSS/MSI status

Tian J et al, Nat Med 2023

Potential tumour cell-intrinsic mechanism of cooperativity between MAPK 
inhibition and immune response

STRATEGY 3: IMMUNE MODULATION



Targeting the bacterial microbiota
Bacterial-driven inflammation and mutant BRAF expression combine to promote murine colon tumorigenesis 

that is sensitive to immune checkpoint therapy

DeStefano C et al. Cancer Discov 2021

Wnt-driven multiple intestinal neoplasia (MinApcΔ716/+) enterotoxigenic Bacteroides fragilis (ETBF) murine model
ETBF-colonized BRAF V600E Lgr5 CreMin (BLM) mice

STRATEGY 3: IMMUNE MODULATION



CAN WE OVERCOME RESISTANCE?



CAN WE OVERCOME RESISTANCE?

BEACON study: Key Acquired Resistance Alterations in ctDNA

Kopetz S et al, ESMO 2022, Nat Med 2024; Ros J et al. Eur J Cancer 2022

Almost 60% of the patients treated with BRAF inhibitor presented a 
genomic acquired mechanism of resistance

There is a window-of-opportunity to target specific 
molecular subtypes upon progression



New targets and drugs

Elez E et al. Nat Med 2023

CAN WE OVERCOME RESISTANCE?



ANTI-EGFR THERAPIES IN mCRC



LESSONS THAT SHOULD HAVE BEEN LEARNED IN CRC

Genetic alterations during colorectal-tumour development

Volgestein B et al. New Engl J Med 1988



THE RETROSPECTIVE STORY OF ANTI-EGFR ACTIVITY
EVIDENCE

Khambata-Ford S et al J Clin Oncol 2007; Benvenuti S et al. Cancer Res 2007; Tabernero J et al. J Clin Oncol 2010; Van Cutsem E et al. J Clin Oncol 2015; Douillard JY, et al. N Engl J Med 2013



CETUXIMAB: BIOMARKERS OF RESPONSE BEYOND RAS

Pharmacodynamic evaluation: RNA expresión profiling in tumours

Tabernero J et al. J Clin Oncol 2010



CETUXIMAB: Q1W VS Q2W

Pharmacokinetic evaluation

Tabernero J et al. Ann Oncol 2010

Mean (+/- standard deviation) serum cetuximab concentrations at W5 Median serum cetuximab trough concentrations

Q1W

Q2W

Q1W

Q2W



SKIN

Q1W Q2W Q1W Q2W

TUMOUR

Q1W Q2W Q1W Q2W

Tabernero J et al. J Clin Oncol 2010

CETUXIMAB: Q1W VS Q2W

Pharmacodynamic evaluation



RWD

PADIS study

QUICK study

Kasper S et al. Eur J Cancer 2021; Lamy FX et al. J Comp Eff Res 2020; Bokemeyer K et al. Future Oncol 2023

CETUXIMAB: Q1W VS Q2W



A GLIMPSE INTO THE FUTURE



THE POTENTIAL OF RADIOMICS

Radiomics and molecular biomarker identify 99% responders, 
100% non-responders in mCRC

Delta-radiomics predicts CRC liver metastases response 
to FOLFOX

The algorithm correctly classified liver metastases that responded to therapy for 10 mo and classified a liver lesion 
(lesion 3) that showed a PD after 6 mo

Giannini V et al, Cancers 2022, Russo V et al, Cancers 2022 

AI models reporting AUC and/or HR for evaluating predictive response or OS included in the metanalysis



THE POTENTIAL OF PATHOMICS

Skrede OJ et al.  Lancet 2020



THE GOAL: TRANSLATIONAL MEDICINE TO ACHIEVE P4 MEDICINE 
(PREDICTIVE, PERSONALIZED, PREVENTIVE, PARTICIPATIVE)

Auffray C, Hood L, Biotechnol J 2012

TECHNICAL VALIDATION CLINICAL UTILITY FEASIBILITY

To develop extremely sensitive & robust prognostic/predictive biomarkers at a single patient level

Precision Medicine ensures delivery of the right intervention to the right patient at the right time
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