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1  Introduction
Brain metastases (BMs) are a challenging entity in the management of cancer patients, 
which occurs in approximately 10%–20% of adults with cancer [1]. Although lung, 
breast, and melanoma malignancies are the most frequent origins of BMs, any can-
cer type can metastasize to the brain parenchyma [2]. Despite advances in therapeutic 
options for brain metastases, they are still associated with a dismal prognosis, as man-
agement remains challenging due to the limited effectiveness of systemic therapies, vari-
ations in primary tumor types, and the restrictive nature of the blood-brain barrier [3, 
4]. The primary objective of medical interventions for BMs is to prevent tumor growth 
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and alleviate neurological symptoms, ultimately enhancing both quality of life and over-
all survival (OS) [5].

Targeted therapies combining a B-Raf proto-oncogene serine/threonine kinase 
(BRAF) inhibitor and a mitogen-activated protein kinase (MEK) inhibitor have dem-
onstrated effectiveness against BRAF V600-mutant cancers, including metastatic mel-
anoma [6–10]. The BRAF V600E mutation causes continuous activation of the BRAF 
protein, which persistently stimulates the mitogen-activated protein kinase/extracellular 
signal-regulated kinase (MAPK/ERK) signaling pathway. This promotes uncontrolled 
cell growth and survival, driving cancer development. Although BRAF inhibitors can 
block this pathway, using them alone often leads to resistance, as the MAPK pathway 
may be reactivated through alternative mechanisms [11–13]. Combining BRAF and 
MEK1/MEK2 inhibitors delays the development of resistance and reduces the incidence 
of secondary malignancies. BRAF inhibitors specifically block the active BRAF V600 
mutant, while MEK inhibitors stop downstream ERK signaling. Encorafenib plus Bin-
imetinib, in particular, offers a favorable safety profile and potent pathway inhibition 
compared with other BRAF/MEK combinations, making it an attractive option for clini-
cal evaluation. This dual pathway suppression reduces adaptive resistance, improves the 
durability of the treatment response, and lowers the risk of secondary tumors seen with 
BRAF monotherapy [14].

Several studies have investigated the efficacy and safety of the combination therapy of 
Encorafenib plus Binimetinib in the management of BMs [15, 16]. While the systemic 
benefits of Encorafenib plus Binimetinib are well-established, their effectiveness in BMs 
is under investigation. This study aims to evaluate the efficacy and safety of Encorafenib 
plus Binimetinib in metastatic brain tumors, focusing on tumor control, neurological 
outcomes, and overall survival (OS).

2  Methods
2.1  Objective

This systematic review and meta-analysis were designed to investigate the therapeutic 
effectiveness and safety profile of encorafenib plus binimetinib combination therapy 
in patients with metastatic brain tumors. The study design adhered to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines to 
ensure standardized reporting [17].

2.2  Search strategy

On January 1, 2025, a systematic search was conducted across PubMed, Embase, Sco-
pus, and Web of Science. The search utilized syntax independently prepared for each 
database, featuring the keywords “Encorafenib” AND “Binimetinib” AND “metastatic 
brain tumors” and their related terms (Supplementary Table S1). No additional filters 
were applied for the search.

2.3  Eligibility criteria

The inclusion criteria were as follows:

1.	 Patients with BMs who received combined encorafenib plus binimetinib.
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2.	 Studies reported the radiological outcomes, such as complete response (CR), partial 
response (PR), stable disease (SD), or progressive disease (PD), or clinical outcomes in 
at least five patients.

The exclusion criteria were as follows:

1.	 Inability to separate the outcomes of BMs from other entities.
2.	 Inability to separate the outcomes related to encorafenib plus binimetinib from other 

modalities.
3.	 Case reports, case series < 5 patients, review articles, book chapter, conference 

abstract, letter to the editor.
4.	 Studies in languages other than English.
5.	 Studies with overlapping populations.

2.4  Study selection process

The search results were imported into the Covidence Software to conduct the screening 
process. Covidence automatically identified and omitted duplicates. Two independent 
reviewers screened the studies, evaluating both the titles and abstracts, as well as the 
full-text content. A third reviewer resolved any conflicts. Studies that met the inclusion 
criteria were selected for data extraction.

2.5  Data extraction

Two independent reviewers conducted data extraction with precision, using a stan-
dardized Microsoft Excel data sheet prepared by one of the authors. The extracted data 
included general study information, patient demographics, tumor characteristics, and 
prior treatments.

2.6  Risk of bias assessment

The risk of bias for each included study was assessed using the appropriate Cochrane 
tools, based on the study design. The Cochrane Risk of Bias 2 (RoB 2) tool was applied 
to randomized controlled trials (RCTs), evaluating five key domains: randomization 
process, deviations from intended interventions, missing outcome data, measurement 
of outcomes, and selection of the reported result [18]. For non-randomized studies, the 
ROBINS-I tool was used, which assesses risk across seven domains, including confound-
ing, participant selection, intervention classification, deviations from intended interven-
tions, missing data, outcome measurement, and reporting bias [19]. Each study’s design 
and methodology were reviewed, and risk levels were judged accordingly using the stan-
dardized domains of each tool (Supplementary Table S3).

2.7  Statistical analysis

The appropriate effect size was selected according to the Cochrane Handbook [20]. 
Clinical and radiological outcomes were pooled and reported as incidence rates. Het-
erogeneity among studies was assessed using the Chi-square P-value and the I² statistic. 
A Chi-square P-value of less than 0.05 indicated significant heterogeneity, while the I² 
value was used to quantify its extent [20]. A sensitivity analysis employing a leave-one-
out method was conducted to evaluate the robustness of the results. Subgroup analy-
ses and meta-regression were performed based on sex, Eastern Cooperative Oncology 
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Group (ECOG) performance status, number of lesions, prior treatments, and age to 
assess the influence of these variables and explore potential sources of heterogeneity 
(Supplementary Table S2). Publication bias across studies was assessed using Egger’s 
regression test. All statistical analyses were conducted using STATA version 17.

3  Results
3.1  Study selection process

Our systematic search yielded 434 relevant studies across four electronic databases. 
After excluding 200 duplicates, 234 studies remained. During the title and abstract 
screening, 227 studies were excluded and deemed ineligible at the screening and eligibil-
ity assessment steps. We then obtained and evaluated seven full-text papers, excluding 
three studies due to the lack of full-text availability. Ultimately, four studies were deemed 
eligible and included in the review and meta-analysis (Fig. 1).

Fig. 1  PRISMA flow diagram depicting the screening process
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3.2  Baseline characteristics and clinical outcomes

We extracted data from four eligible studies, which included 1,789 patients, among 
whom 472 had BMs. Across the included studies, 1106 were male, and 686 were female. 
The median age of the patients ranged from 52.5 to 56 years. Prior therapies included 
surgery, radiotherapy, chemotherapy, and immunotherapy. These studies were con-
ducted in Germany [21], the United States [22], Spain [23], and one study was Multi-
national, involving Australia, the United States, and Italy [24]. These studies were 
conducted from 2019 to 2024 (Table 1). Radiological outcomes (CR, PR, SD, PD) and 
clinical outcomes were reported across the included studies (Table 2).

3.3  Complete response

Four studies reported CR. Encorafenib plus Binimetinib therapy yielded an overall CR 
rate of 12% (95% CI: 9%–15%), with low heterogeneity (Fig. 2). Meta-regression analyses 
indicated that sex was associated with CR (Supplementary Table S2).

3.4  Partial response

Four studies reported PR. The pooled PR rate was 36% (95% CI: 14%–58%), with high 
heterogeneity (Fig. 3). Meta-regression analyses identified ECOG status and number of 
lesions as significant predictors of PR (Supplementary Table S2).

3.5  Overall response rate

Four studies reported ORR. The pooled ORR was 48% (95% CI: 27%–68%), with high 
heterogeneity (Fig.  4). Meta-regression analyses suggested that sex, age, number of 
lesions, and ECOG status were associated with ORR (Supplementary Table S2).

3.6  Stable disease

Four studies reported SD. The SD rate was 29% (95% CI: 13%–44%), with substantial 
heterogeneity (Fig. 5). Male sex, younger age, ECOG-1, and prior immunotherapy were 
significantly associated with SD in meta-regression analyses (Supplementary Table S2).

3.7  Progressive disease

Three studies reported PD. The pooled PD rate was 18% (95% CI: −2%–38%), with very 
high heterogeneity (Fig. 6). Meta-regression analyses did not identify any significant pre-
dictors of PD (Supplementary Table S2).

3.8  Safety and adverse events

Quantitative meta-analysis of safety outcomes was not feasible due to limited report-
ing and heterogeneity. Safety outcomes were reported in three studies. In the case series 
by Holbrook et al. [22], fatigue occurred in 17% of patients and myalgia in 13%, with 
rare events including retinal detachment, iritis, pancytopenia, and neuropathy [22]. In 
the E-BRAIN/GEM1802 study [23], diarrhea was reported in 27%, fatigue in 25%, nau-
sea in 22.9%, ALT increase in 18.8%, and AST increase in 16.7% of patients; Grade 3–4 
toxicities occurred in 25% [23]. In the POLARIS trial [24], 92% of patients experienced 
treatment-related adverse events, including diarrhea (54%), ALT increase (46%), fatigue 
(38%), nausea (38%), and AST increase (31%); Grade 3–4 events occurred in a subset 
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of patients, including one Grade 4 ALT increase [24]. Dose interruptions or reductions 
were reported in some patients, and no treatment-related deaths occurred.

3.9  Sensitivity analysis

Sensitivity analysis revealed that the ORR, CR, PR, and SD were robust, and the omis-
sion of each study did not significantly influence the pooled estimate. This suggests that 
these response rates are highly sensitive to study selection, indicating potential hetero-
geneity across the dataset (Supplementary Figs. S6-S10).

3.10  Quality assessment

The studies included in the review demonstrate generally acceptable quality. Most of 
the studies show low to moderate risk of bias, indicating solid methodology and reliable 
results. Even those with moderate to high risk of bias still provide valuable insights, con-
tributing positively to the overall findings.

3.11  Publication bias

Publication bias was evaluated through the use of Egger’s test and funnel plots [25]. The 
funnel plots and Egger’s test revealed no significant publication bias for all parameters 
including, ORR (t = 0.61, P = 0.6051), PR (t = 0.90, p = 0.4645), CR (t = -0.34, p = 0.7673), 
PD (t = -0.01, p = 0.9959), and SD (t = 4.014, p = 0.0537) (Supplementary Figures S1-S5).

4  Discussion
This systematic review and meta-analysis indicated that encorafenib plus binimetinib 
in BM patients was associated with promising clinical and radiological outcomes. Our 
findings suggest a pooled ORR rate of 48% (95% CI: 27%-68%), indicating encouraging 
therapeutic efficacy. Our data showed that treatment with encorafenib plus binimetinib 
in patients with metastatic brain tumors resulted in a pooled CR rate of 12% (95% CI: 
9% − 15%), PR rate of 36% (95% CI: 14%–58%), SD rate of 29% (95% CI: 13% − 44%), and 
PD rate of 18% (95% CI: -2% to 38%). These findings highlighted the potential role of 
encorafenib plus binimetinib in patients with BM.

Comparatively, various BRAF-targeted therapies have been evaluated in patients 
with BMs. Dabrafenib plus trametinib, a dual BRAF/MEK combination, demonstrated 
intracranial ORRs of 58% (CR 1%, PR 57%, SD 21%, PD 18%) in a multi-cohort phase 2 
trial [26] and 41.5% in another study of stage III & IV BRAF V600-mutant melanoma 
with BMs [27]. Triplet regimens including atezolizumab, cobimetinib, and vemurafenib 
reported ORRs of 52% (CR 0%, PR 52%, SD 34%, PD 9%) [28] and 48.4% (CR 3.2%, PR 
45.2%, SD 16.1%, PD 35.5%) in the ISABELLA study cohort [29]. Vemurafenib mono-
therapy generally showed lower intracranial responses, with reported ORRs of 18% (CR 
2%, PR 16%, SD 29%) [30], 42% PR and 38% SD in a pilot study [31], and 50% ORR with 
median PFS of 4.6 months [32].

The intracranial CR rate observed with encorafenib plus binimetinib was higher than 
that reported in prior dual, triplet, or monotherapy studies, while intracranial ORR and 
PR were generally comparable, and SD fell within previously reported ranges. These 
results highlight the potential of encorafenib plus binimetinib to provide meaningful 
intracranial tumor shrinkage and improved complete responses in patients with BRAF 
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Table 2  Summary of outcomes reported in included studies
Study Me-

dian OS 
(month)

6 
Month 
OS

1 Year 
OS

Median PFS 
(month)

ORR 
(%)

CR 
(%)

PR 
(%)

SD 
(%)

PD 
(%)

Franklin, 2023 [21] 36.9 NR NR 6.7 29.7 12.4 17.3 12.6 35.3
Holbrook, 2019 [22] NR NR NR NR 33 13 20.8 45.8 16.6
Márquez-Rodas, 2024 
[23]

15.9 91.6 59.2 intracranial: 8.5
extracranial: 7.7

70.8 10.4 60.4 27 2

Menzies, 2024 [24] NR NR NR NR 60 10 50 40 0
NR Not reported, OS Overall survival, PFS Progression-free survival, ORR Objective response rate, CR Complete response, PR 
Partial response, SD Stable disease, PD Progressive disease

Fig. 4  Overall response rate

 

Fig. 3  Partial response rate

 

Fig. 2  Complete response rate
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V600-mutant melanoma with brain metastases, although the considerable heterogeneity 
across included studies suggests that these findings should be interpreted with caution.

Similarly, several epidermal growth factor receptor (EGFR)-targeting tyrosine kinase 
inhibitors (TKIs) have shown remarkable intracranial activity in patients with EGFR-
mutant non–small cell lung cancer (NSCLC) and brain metastases. Among them, 
osimertinib demonstrated notably high intracranial response rates, underscoring the 
efficacy of third-generation TKIs in achieving durable control of brain lesions [33–37]. 
Although these findings represent exceptional intracranial outcomes, the results from 
our analysis, 12% CR, 36% PR, and 29% SD, remain clinically meaningful, particularly 
given the broader and more heterogeneous population of patients with BRAF-mutant 
melanoma included in our pooled cohort.

Beyond targeted therapies, immune checkpoint inhibitors (ICIs) have also dem-
onstrated therapeutic potential in brain metastases. Trials assessing pembrolizumab 
and nivolumab have reported intracranial clinical benefit rates (iCBR = CR + PR + 
SD) around 40%–50%, which are generally lower than our observed iCBR of 77% with 
encorafenib plus binimetinib [38]. Notably, combination strategies, such as ICIs admin-
istered with brain radiotherapy (BRT), have been associated with higher partial response 
rates, approximately 60% in some series, suggesting enhanced tumor shrinkage com-
pared with ICI monotherapy [39]. Nevertheless, the CR rate achieved with encorafenib 
plus binimetinib (12%) was comparable to that of combined ICI–BRT regimens (13%–
14%), indicating a similar ability to induce complete intracranial responses.

Collectively, these comparisons emphasize the therapeutic relevance of BRAF/MEK 
inhibition in the intracranial setting. While ICIs and EGFR-TKIs achieve high response 
rates in selected molecular subgroups, encorafenib plus binimetinib appears to pro-
vide a favorable balance between tumor shrinkage, disease stabilization, and treatment 

Fig. 6  Progressive disease rate

 

Fig. 5  Stable disease rate
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tolerability in patients with BRAF-mutant melanoma and brain metastases. Given the 
considerable heterogeneity among included studies, these findings should be interpreted 
with caution; however, they support the consideration of encorafenib plus binimetinib 
as a clinically meaningful option, particularly for patients in whom immunotherapy is 
unsuitable or has failed.

The results of this systematic review and meta-analysis suggest that the combination 
of encorafenib plus binimetinib offers a favorable safety profile and promising efficacy in 
patients with BMs, particularly those with BRAF V600-mutant melanoma. These find-
ings support the potential use of this targeted regimen as a viable treatment option in 
clinical practice, especially for patients who may not be candidates for immunotherapy 
or who have progressed on prior treatments. Given the intracranial activity observed, 
clinicians may consider incorporating this combination into treatment strategies where 
control of central nervous system disease is critical.

Compared with other available BRAF/MEK combinations, encorafenib plus bin-
imetinib may offer a more favorable safety profile and sustained intracranial control, 
making it a reasonable treatment option in patients with BRAF-mutant melanoma and 
brain metastases. Nevertheless, given the lack of direct head-to-head data, this regimen 
should not yet be considered superior to other BRAF/MEK inhibitors. At present, its 
use may be most appropriate in patients who are not eligible for, or who have progressed 
following, immunotherapy and broader clinical implementation should be approached 
with caution due to the limited number of high-quality trials and the need for more 
robust, prospective data specifically addressing long-term intracranial outcomes and 
quality of life in this population.

The observed heterogeneity in our analysis likely reflects variations across studies in 
several key areas, including tumor-related factors (e.g., number, size, and location of 
BMs), baseline patient characteristics (such as performance status, age, and extracranial 
disease burden), and differences in prior treatments, including systemic therapies, radio-
therapy, and surgical interventions. Additionally, inconsistencies in response assessment 
criteria and follow-up durations may have further contributed to variability in reported 
outcomes.

While current evidence supports the clinical potential of encorafenib plus binimetinib 
for patients with BMs, particularly in BRAF-mutant melanoma, future research should 
prioritize prospective, randomized trials focused specifically on intracranial efficacy and 
long-term neurological outcomes. Comparative studies with immune checkpoint inhibi-
tors, stereotactic radiosurgery, and other targeted agents are also needed to better define 
this combination’s place in the treatment landscape. Moreover, efforts to identify bio-
markers predicting response or resistance, as well as studies evaluating sequencing strat-
egies (e.g., targeted therapy followed by immunotherapy), could further optimize patient 
selection and improve outcomes. Investigations into patient-reported outcomes, cogni-
tive function, and quality of life are also critical to guide holistic care in this vulnerable 
population.

The relatively small number of included studies, particularly retrospective studies, 
along with the limited sample size of enrolled patients, may compromise the statistical 
power of this meta-analysis and reduce the reliability of pooled estimates. High hetero-
geneity observed for key outcomes such as ORR, PR, and SD (I² consistently > 80%) fur-
ther limits the generalizability of these results, whereas the CR rate, characterized by low 
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heterogeneity, appears more robust. The observed high heterogeneity was investigated 
using meta-regression. However, the small number of studies limited the possibility of 
performing subgroup analyses. Several clinically important variables, including time to 
treatment failure (TTF), OS, PFS, and detailed adverse event profiles, were either under-
reported or entirely omitted, restricting the depth of analysis. Additionally, short follow-
up periods in some studies constrained the evaluation of long-term treatment efficacy 
and safety. Collectively, these factors underscore the need for cautious interpretation of 
the findings.

5  Conclusion
In this study, we highlight the potential of encorafenib plus binimetinib as a treatment 
option for metastatic brain tumors. The combination shows moderate but clinically 
meaningful intracranial activity, making it a viable targeted option. Nevertheless, larger 
prospective studies are required to confirm these findings and optimize clinical use.

Supplementary Information
The online version contains supplementary material available at https://doi.org/10.1007/s12672-025-04265-6.

Supplementary material 1.

Supplementary material 2.

Supplementary material 3.

Supplementary material 4.

Acknowledgements
None.

AI usage
AI-based tools were used to assist with language editing, search strategy drafting, and code generation. All content was 
verified by the authors, who take full responsibility for the work. This manuscript complies with all instructions to authors. 
All authors meet authorship criteria and have approved the final manuscript. This manuscript has not been published 
and is not under consideration elsewhere. A PRISMA checklist was used and is included with the submission.

Author contributions
 Conceptualization: B.H., M.H.; Methodology: B.H., A.B., M.H.; Literature Search: A.B., A.D.B., M.B., M.D.; Data Extraction: A.B., 
A.D.B., M.B., M.D.; Risk of Bias Assessment: A.B., A.D.B., M.B., M.D.; Statistical Analysis: B.H.; Writing – Original Draft: B.H., A.B., 
M.H., B.H., I.M.; Writing – Review & Editing: M.A.H., R.H., B.H.; Supervision: B.H.; Project Administration: B.H., Revision: M.Sh.

Funding
The authors declare that no funding source was used.

Data availability
The data supporting this study’s findings are available from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The study is deemed exempt from receiving ethical approval.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Student Research Committee, School of Medicine, Iran University of Medical Science, Tehran, Iran
2School of Medicine, Iran University of Medical Science, Tehran, Iran
3Skull Base Research Center, Loghman-Hakim Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran
4Department of Neurosurgery, Shariati Hospital, Tehran University of Medical Sciences, Tehran, Iran
5Department of Neurological Surgery, Shohada Tajrish Hospital, Shahid Beheshti University of Medical Sciences, 
Tehran, Iran

Received: 20 August 2025 / Accepted: 8 December 2025

https://doi.org/10.1007/s12672-025-04265-6


Page 12 of 13Bahri et al. Discover Oncology           (2026) 17:87 

References
1.	 IARC World Cancer Reports. In: Wild CP, Weiderpass E, Stewart BW, editors. World Cancer Report: Cancer research for 

cancer prevention. Lyon (FR): International Agency for Research on Cancer © International Agency for Research on Cancer, 
2020. For more information contact publications@iarc.who.int. 2020.

2.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J Clin. 2015;65(1):5–29. https://doi.org/10.3322/caac.21254.
3.	 Long GV, Margolin KA. Multidisciplinary approach to brain metastasis from melanoma: the emerging role of systemic 

therapies. Am Soc Clin Oncol Educ Book. 2013;393–8. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​4​​6​9​4​/​E​​d​B​o​o​k​​_​A​M​.​2​0​​1​3​.​3​​3​.​3​9​3.
4.	 Sampson JH, Carter JH Jr., Friedman AH, Seigler HF. Demographics, prognosis, and therapy in 702 patients with brain 

metastases from malignant melanoma. J Neurosurg. 1998;88(1):11–20. https://doi.org/10.3171/jns.1998.88.1.0011.
5.	 Soffietti R, Abacioglu U, Baumert B, Combs SE, Kinhult S, Kros JM, et al. Diagnosis and treatment of brain metastases from 

solid tumors: guidelines from the European association of Neuro-Oncology (EANO). Neuro Oncol. 2017;19(2):162–74. 
https://doi.org/10.1093/neuonc/now241.

6.	 Dummer R, Ascierto PA, Gogas HJ, Arance A, Mandala M, Liszkay G, et al. Encorafenib plus binimetinib versus Vemurafenib 
or Encorafenib in patients with BRAF-mutant melanoma (COLUMBUS): a multicentre, open-label, randomised phase 3 trial. 
Lancet Oncol. 2018;19(5):603–15. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​s​1​4​7​0​-​2​0​4​5​(​1​8​)​3​0​1​4​2​-​6.

7.	 Ascierto PA, Dréno B, Larkin J, Ribas A, Liszkay G, Maio M, et al. 5-Year outcomes with Cobimetinib plus Vemurafenib 
in BRAFV600 Mutation-Positive advanced melanoma: extended Follow-up of the cobrim study. Clin Cancer Res. 
2021;27(19):5225–35. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​1​​5​8​/​1​0​​7​8​-​0​4​​3​2​.​C​c​r​​-​2​1​-​​0​8​0​9.

8.	 Ascierto PA, McArthur GA, Dréno B, Atkinson V, Liszkay G, Di Giacomo AM, et al. Cobimetinib combined with Vemurafenib 
in advanced BRAF(V600)-mutant melanoma (coBRIM): updated efficacy results from a randomised, double-blind, phase 3 
trial. Lancet Oncol. 2016;17(9):1248–60. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​s​1​4​7​0​-​2​0​4​5​(​1​6​)​3​0​1​2​2​-​x.

9.	 Dummer R, Lebbé C, Atkinson V, Mandalà M, Nathan PD, Arance A, et al. Combined PD-1, BRAF and MEK Inhibition in 
advanced BRAF-mutant melanoma: safety run-in and biomarker cohorts of COMBI-i. Nat Med. 2020;26(10):1557–63. 
https://doi.org/10.1038/s41591-020-1082-2.

10.	 Dummer R, Flaherty KT, Robert C, Arance A, de Groot JWB, Garbe C, et al. COLUMBUS 5-Year update: A Randomized, Open-
Label, phase III trial of Encorafenib plus binimetinib versus Vemurafenib or Encorafenib in patients with BRAF V600-Mutant 
melanoma. J Clin Oncol. 2022;40(36):4178–88. https://doi.org/10.1200/jco.21.02659.

11.	 Shi H, Hugo W, Kong X, Hong A, Koya RC, Moriceau G, et al. Acquired resistance and clonal evolution in melanoma during 
BRAF inhibitor therapy. Cancer Discov. 2014;4(1):80–93. https://doi.org/10.1158/2159-8290.Cd-13-0642.

12.	 Das Thakur M, Salangsang F, Landman AS, Sellers WR, Pryer NK, Levesque MP, et al. Modelling Vemurafenib resistance in 
melanoma reveals a strategy to forestall drug resistance. Nat. 2013;494(7436):251–5. https://doi.org/10.1038/nature11814.

13.	 Shi H, Moriceau G, Kong X, Lee MK, Lee H, Koya RC, et al. Melanoma whole-exome sequencing identifies (V600E)B-RAF 
amplification-mediated acquired B-RAF inhibitor resistance. Nat Commun. 2012;3:724. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​3​8​/​n​c​o​m​m​s​1​7​
2​7​​​​​.​​​

14.	 Eroglu Z, Ribas A. Combination therapy with BRAF and MEK inhibitors for melanoma: latest evidence and place in therapy. 
Ther Adv Med Oncol. 2016;8(1):48–56. https://doi.org/10.1177/1758834015616934.

15.	 Dummer R, Ascierto PA, Gogas HJ, Arance A, Mandala M, Liszkay G, et al. Overall survival in patients with BRAF-mutant 
melanoma receiving Encorafenib plus binimetinib versus Vemurafenib or Encorafenib (COLUMBUS): a multicentre, open-
label, randomised, phase 3 trial. Lancet Oncol. 2018;19(10):1315–27. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​s​1​4​7​0​-​2​0​4​5​(​1​8​)​3​0​4​9​7​-​2.

16.	 Ascierto PA, Dummer R, Gogas HJ, Flaherty KT, Arance A, Mandala M, et al. Update on tolerability and overall survival 
in COLUMBUS: landmark analysis of a randomised phase 3 trial of Encorafenib plus binimetinib vs Vemurafenib or 
Encorafenib in patients with BRAF V600-mutant melanoma. Eur J Cancer. 2020;126:33–44. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​e​j​c​a​.​2​0​
1​9​.​1​1​.​0​1​6​​​​​.​​​

17.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ. 2021;372:n71. https://doi.org/10.1136/bmj.n71.

18.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB 2: a revised tool for assessing risk of bias in 
randomised trials. BMJ. 2019;366:l4898. https://doi.org/10.1136/bmj.l4898.

19.	 Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, et al. ROBINS-I: a tool for assessing risk of bias in 
non-randomised studies of interventions. BMJ. 2016;355:i4919. https://doi.org/10.1136/bmj.i4919.

20.	 Deeks JJ, Higgins JP, Altman DG, Group obotCSM. Analysing data and undertaking meta-analyses. Cochrane Handbook for 
Systematic Reviews of Interventions. 2019; pp. 241 – 84.

21.	 Franklin C, Mohr P, Bluhm L, Meier F, Garzarolli M, Weichenthal M, et al. Brain metastasis and survival outcomes after 
first-line therapy in metastatic melanoma: a multicenter DeCOG study on 1704 patients from the prospective skin cancer 
registry ADOREG. J Immunother Cancer. 2023;11(4). https://doi.org/10.1136/jitc-2022-005828.

22.	 Holbrook K, Lutzky J, Davies MA, Davis JM, Glitza IC, Amaria RN, et al. Intracranial antitumor activity with Encorafenib plus 
binimetinib in patients with melanoma brain metastases: A case series. Cancer. 2020;126(3):523–30. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​
2​/​c​n​c​r​.​3​2​5​4​7​​​​​.​​​

23.	 Márquez-Rodas I, Álvarez A, Arance A, Valduvieco I, Berciano-Guerrero M, Delgado R, et al. Encorafenib and binimetinib 
followed by radiotherapy for patients with BRAFV600-mutant melanoma and brain metastases (E-BRAIN/GEM1802 phase 
II study). Neuro Oncol. 2024;26(11):2074–83. https://doi.org/10.1093/neuonc/noae116.

24.	 Menzies AM, Long GV, Kohn A, Tawbi H, Weber J, Flaherty K, et al. POLARIS: A phase 2 trial of Encorafenib plus binimetinib 
evaluating high-dose and standard-dose regimens in patients with BRAF V600-mutant melanoma with brain metastasis. 
Neurooncol Adv. 2024;6(1):vdae033. https://doi.org/10.1093/noajnl/vdae033.

25.	 Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ. 
1997;315(7109):629–34. https://doi.org/10.1136/bmj.315.7109.629.

26.	 Davies MA, Saiag P, Robert C, Grob JJ, Flaherty KT, Arance A, et al. Dabrafenib plus Trametinib in patients with BRAF(V600)-
mutant melanoma brain metastases (COMBI-MB): a multicentre, multicohort, open-label, phase 2 trial. Lancet Oncol. 
2017;18(7):863–73. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​s​1​4​7​0​-​2​0​4​5​(​1​7​)​3​0​4​2​9​-​1.

https://doi.org/10.3322/caac.21254
https://doi.org/10.14694/EdBook_AM.2013.33.393
https://doi.org/10.3171/jns.1998.88.1.0011
https://doi.org/10.1093/neuonc/now241
https://doi.org/10.1016/s1470-2045(18)30142-6
https://doi.org/10.1158/1078-0432.Ccr-21-0809
https://doi.org/10.1016/s1470-2045(16)30122-x
https://doi.org/10.1038/s41591-020-1082-2
https://doi.org/10.1200/jco.21.02659
https://doi.org/10.1158/2159-8290.Cd-13-0642
https://doi.org/10.1038/nature11814
https://doi.org/10.1038/ncomms1727
https://doi.org/10.1038/ncomms1727
https://doi.org/10.1177/1758834015616934
https://doi.org/10.1016/s1470-2045(18)30497-2
https://doi.org/10.1016/j.ejca.2019.11.016
https://doi.org/10.1016/j.ejca.2019.11.016
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1136/jitc-2022-005828
https://doi.org/10.1002/cncr.32547
https://doi.org/10.1002/cncr.32547
https://doi.org/10.1093/neuonc/noae116
https://doi.org/10.1093/noajnl/vdae033
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1016/s1470-2045(17)30429-1


Page 13 of 13Bahri et al. Discover Oncology           (2026) 17:87 

27.	 Dutriaux C, Robert C, Grob J-J, Mortier L, Dereure O, Lebbe C, et al. An open label, non-randomised, phase IIIb study of 
Trametinib in combination with Dabrafenib in patients with unresectable (stage III) or distant metastatic (stage IV) BRAF 
V600-mutant melanoma: A subgroup analysis of patients with brain metastases. Eur J Cancer. 2022;175:254–62. ​h​t​t​p​s​:​/​/​d​o​i​
.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​e​j​c​a​.​2​0​2​2​.​0​7​.​0​3​5​​​​​.​​​

28.	 Dummer R, Queirolo P, Gerard Duhard P, Hu Y, Wang D, de Azevedo SJ, et al. Atezolizumab, vemurafenib, and Cobimetinib 
in patients with melanoma with CNS metastases (TRICOTEL): a multicentre, open-label, single-arm, phase 2 study. Lancet 
Oncol. 2023;24(12):e461–71. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​0​​1​6​/​s​1​4​7​0​-​2​0​4​5​(​2​3​)​0​0​3​3​4​-​0.

29.	 Samoylenko IV, Kolontareva YM, Kogay EV, Zhukova NV, Utyashev IA, Ivannikov ME, et al. Triple combination of vemu-
rafenib, cobimetinib, and Atezolizumab in real clinical practice in the Russian federation: results of the A1 cohort of the 
ISABELLA study. Front Oncol. 2024;14:1395378. https://doi.org/10.3389/fonc.2024.1395378.

30.	 McArthur GA, Maio M, Arance A, Nathan P, Blank C, Avril MF, et al. Vemurafenib in metastatic melanoma patients with brain 
metastases: an open-label, single-arm, phase 2, multicentre study. Ann Oncol. 2017;28(3):634–41. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​9​3​/​
a​n​n​o​n​c​/​m​d​w​6​4​1​​​​​.​​​

31.	 Dummer R, Goldinger SM, Turtschi CP, Eggmann NB, Michielin O, Mitchell L, et al. Vemurafenib in patients with BRAF(V600) 
mutation-positive melanoma with symptomatic brain metastases: final results of an open-label pilot study. Eur J Cancer. 
2014;50(3):611–21. https://doi.org/10.1016/j.ejca.2013.11.002.

32.	 Harding JJ, Catalanotti F, Munhoz RR, Cheng DT, Yaqubie A, Kelly N, et al. A retrospective evaluation of Vemurafenib as 
treatment for BRAF-Mutant melanoma brain metastases. Oncologist. 2015;20(7):789–97. ​h​t​t​p​s​:​​/​/​d​o​i​​.​o​r​g​/​1​​0​.​1​6​​3​4​/​t​h​​e​o​n​c​o​​l​
o​g​i​s​t​​.​2​0​1​​4​-​0​0​1​2.

33.	 Imber BS, Sehgal R, Saganty R, Reiner AS, Ilica AT, Miao E, et al. Intracranial outcomes of de Novo brain metastases treated 
with osimertinib alone in patients with newly diagnosed EGFR-Mutant NSCLC. JTO Clin Res Rep. 2023;4(12):100607. 
https://doi.org/10.1016/j.jtocrr.2023.100607.

34.	 Hong MH, Choi YJ, Ahn HK, Lim SM, Keam B, Kim DW, et al. Lazertinib in EGFR-Variant Non-Small cell lung cancer with 
CNS failure to prior EGFR tyrosine kinase inhibitors: A nonrandomized controlled trial. JAMA Oncol. 2024;10(10):1342–51. 
https://doi.org/10.1001/jamaoncol.2024.2640.

35.	 Kang L, Mai J, Liang W, Zou Q, Huang C, Lin Y, Liang Y. CNS efficacy of Afatinib as first-line treatment in advanced non-small 
cell lung cancer patients with EGFR mutations. Front Oncol. 2023;13:1094195. https://doi.org/10.3389/fonc.2023.1094195.

36.	 Wu YL, Ahn MJ, Garassino MC, Han JY, Katakami N, Kim HR, et al. CNS efficacy of osimertinib in patients with T790M-Posi-
tive advanced Non-Small-Cell lung cancer: data from a randomized phase III trial (AURA3). J Clin Oncol. 2018;36(26):2702–
9. https://doi.org/10.1200/jco.2018.77.9363.

37.	 Jung HA, Park S, Lee SH, Ahn JS, Ahn MJ, Sun JM. Dacomitinib in EGFR-mutant non-small-cell lung cancer with brain 
metastasis: a single-arm, phase II study. ESMO Open. 2023;8(6):102068. https://doi.org/10.1016/j.esmoop.2023.102068.

38.	 Brastianos PK, Kim AE, Giobbie-Hurder A, Lee EQ, Lin NU, Overmoyer B, et al. Pembrolizumab in brain metastases of diverse 
histologies: phase 2 trial results. Nat Med. 2023;29(7):1728–37. https://doi.org/10.1038/s41591-023-02392-7.

39.	 Lu R, Wang Z, Tian W, Shi W, Chu X, Zhou R. A retrospective study of radiotherapy combined with immunotherapy for 
patients with baseline brain metastases from non-small cell lung cancer. Sci Rep. 2025;15(1):7036. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​3​8​/​
s​4​1​5​9​8​-​0​2​5​-​9​1​8​6​3​-​7​​​​​.​​​

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.ejca.2022.07.035
https://doi.org/10.1016/j.ejca.2022.07.035
https://doi.org/10.1016/s1470-2045(23)00334-0
https://doi.org/10.3389/fonc.2024.1395378
https://doi.org/10.1093/annonc/mdw641
https://doi.org/10.1093/annonc/mdw641
https://doi.org/10.1016/j.ejca.2013.11.002
https://doi.org/10.1634/theoncologist.2014-0012
https://doi.org/10.1634/theoncologist.2014-0012
https://doi.org/10.1016/j.jtocrr.2023.100607
https://doi.org/10.1001/jamaoncol.2024.2640
https://doi.org/10.3389/fonc.2023.1094195
https://doi.org/10.1200/jco.2018.77.9363
https://doi.org/10.1016/j.esmoop.2023.102068
https://doi.org/10.1038/s41591-023-02392-7
https://doi.org/10.1038/s41598-025-91863-7
https://doi.org/10.1038/s41598-025-91863-7

	﻿The safety and efficacy of encorafenib plus binimetinib for brain metastases: a systematic review and meta-analysis
	﻿Abstract
	﻿1﻿ ﻿Introduction
	﻿2﻿ ﻿Methods
	﻿2.1﻿ ﻿Objective
	﻿2.2﻿ ﻿Search strategy
	﻿2.3﻿ ﻿Eligibility criteria
	﻿2.4﻿ ﻿Study selection process
	﻿2.5﻿ ﻿Data extraction
	﻿2.6﻿ ﻿Risk of bias assessment
	﻿2.7﻿ ﻿Statistical analysis

	﻿3﻿ ﻿Results
	﻿3.1﻿ ﻿Study selection process
	﻿3.2﻿ ﻿Baseline characteristics and clinical outcomes
	﻿3.3﻿ ﻿Complete response
	﻿3.4﻿ ﻿Partial response
	﻿3.5﻿ ﻿Overall response rate
	﻿3.6﻿ ﻿Stable disease
	﻿3.7﻿ ﻿Progressive disease
	﻿3.8﻿ ﻿Safety and adverse events
	﻿3.9﻿ ﻿Sensitivity analysis
	﻿3.10﻿ ﻿Quality assessment
	﻿3.11﻿ ﻿Publication bias

	﻿4﻿ ﻿Discussion
	﻿5﻿ ﻿Conclusion
	﻿References


