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Abstract
This study aimed to evaluate the effects of dabrafenib and/or trametinib therapy in BRAF v600-mutant glioma treatment. 
PubMed, the Cochrane Library, EMBASE and Web of Science were searched from inception to Sep 2023. Inclusion criteria 
were designed based on the PICO principle to select relevant articles. Search keywords included ‘dabrafenib’, ‘trametinib’, 
‘glioma’ and other related keywords. Outcomes included overall survival (OS), progression-free survival (PFS), adverse 
events (AEs), and death events. Methodological index for non-randomized studies (MINORS) was used to assess the meth-
odological quality. Stata 14.0 was selected to perform the Cochrane Q and I2 statistics to test the heterogeneity among all 
studies. As for publication bias assessment and sensitivity analysis, the funnel plot, Egger regression test, Begg test, and trim 
and fill method were selected. Including 8 studies for meta-analysis. The pooled results of the single-arm trials showed that 
the median PFS and median OS after treatment were 6.10 months and 22.73 months, respectively. Notably, this study found 
a high incidence of AEs and death events of 50% and 43% after treatment. All the above findings were statistically signifi-
cant. Also, this study statistically supported the advantage of disease response improvement after the combination therapy 
in BRAF v600-mutant glioma patients, which were shown as a pooled rate of PR (30%), a pooled rate of CR (18%), and a 
pooled rate of ORR (39%). And the AE rate was lower in the monotherapy group (AE: 25%) than in the combination treat-
ment group (AE: 60%). Sensitivity analysis indicated that all the results were robust. Based on current literature outcomes, 
dabrafenib and/or trametinib may lead to the median PFS of 6.10 months and median OS as 22.73 months for BRAF v600-
mutant glioma patients, and the safety of monotherapy is better than that of combination therapy. This conclusion needs to 
be treated with caution and further verified.
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Introduction

Gliomas are intrinsic brain tumors derived from glial pro-
genitor cells [1]. As the most common primary malignant 
brain tumors in adults, gliomas occur primarily in the brain 
and glial tissue and are usually malignant [2]. ADDIN 
EN.CITE [3, 4] As a large histological category, there is 
no consistent definition of glioma, and its incidence varies 

according to age, histologic type, sex, and ethnicity [5]. 
Among adults, glioblastoma is the subtype with the highest 
prevalence and mortality, with an age-adjusted incidence 
of 0.59 to 3.69 per 100,000 [6] [7]. On the contrary, the 
prognosis of pediatric low-grade glioma (PLGG) was pretty 
good, with a 10-year overall survival reaching a maximum 
of 96% [8]. ADDIN EN.CITE [4, 8, 9]During the follow-
up, complete surgical resection is the primary treatment to 
be considered once tumor progression or some symptoms 
occur, and the postoperative long-term prognosis is usu-
ally excellent. However, in cases where complete surgical 
resection cannot be accepted, such as the lesion area involv-
ing the optic nerve crossings or pathways, or tumor pro-
gression occurs despite resection, adjuvant therapies such 
as irradiation and chemotherapy are selected [10]. How-
ever, according to several studies, it had been shown [4, 8, 
10, 11] that irradiation was associated with medium- and 
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long-term neurological toxicity. Chemotherapy, in addi-
tion to its non-negligible adverse effects, meant that the 
frequency of attendance to the outpatient increased, which 
invariably raised the cost of time. Therefore, searching for 
more and better treatments is crucial to achieving long-term 
disease control in glioma. In recent decades, there has been a 
great deal of interest in the key genes that drive cancer, and 
searching for therapeutic targets at the genetic aspect is a 
popular trend in the field of oncology nowadays. The B-Raf 
proto-oncogene serine / threonine-protein (BRAF) V600E 
mutation has been focused on by researchers as a potential 
oncogenic factor in many types of cancer [12–14], such as 
papillary thyroid cancer, colorectal cancer, melanoma, and 
gliomas in both adult and pediatric populations. It has been 
shown that the BRAF V600E mutation was found in nearly 
20% of low-grade glioma patients [15–17] and this alteration 
may play an oncogenic role by constitutively activating the 
mitogen-activated protein kinase (MAPK) signaling pathway 
(also known as the RAS/RAF/MEK/ERK pathway). In addi-
tion, some studies [17, 18]concluded that there was a strong 
association between BRAF V600 mutant and the transfor-
mation of low-grade glioma (LGG) into secondary high-
grade glioma (HGG). Therefore, in recent decades, a lot of 
researchers [19–21] have paid attention to the therapeutic 
roles of BRAF inhibitors and MEK inhibitors (a key inhibi-
tor of the MAPK pathway) in BRAF V600E mutant glioma.

Dabrafenib, a BRAF inhibitor, acts by selectively inhib-
iting mutant BRAF kinases but is prone to acquired resist-
ance, which can be mitigated if combined with trametinib 
(which exerts inhibitory effects on MEK1, MEK2 and kinase 
activity) [22, 23]. Meanwhile, Trametinib, as a MEK1/2 
inhibitor, has also been shown in some studies to produce 
safe and effective anti-glioma effects by monotherapy or 
combination [24, 25]. Moreover, studies conformed that 
the combination of trametinib and dabrafenib can block the 
MAPK pathway through dual inhibition, inhibit the produc-
tion and survival of brafv600 mutant cells, and enhance the 
anti-tumor activity, thus exerting therapeutic advantages 
[26]. Clinically, dabrafenib combined with trametinib had 
shown good prolongation of overall survival (OS) and 
progression-free survival (PFS) in adult patients with CNS 
tumors compared to single drug [27–29], laying the basis 
for the use of dabrafenib combined with trametinib in pedi-
atric patients. In 2023, dabrafenib and trametinib [30]were 
approved for use in pediatric patients by the U.S. Food and 
Drug Administration (FDA) and were recommended for the 
treatment of LGG patients over 1 year old with the BRAF 
V600E mutation who required systemic therapy. Over few 
years, there had occurred several meta-analyses on the 
effects of dabrafenib combined with trametinib in unresect-
able or metastatic melanoma, metastatic or advanced non-
small cell lung cancer with BRAF V600E mutation [31, 32]. 
There is also some accumulation of evidence in the field 

of LGG treatment, with controlled studies showing that the 
objective response rate (ORR) of combination therapy (25%) 
was better than that of monotherapy (15%) [33]. However, 
to the best of our knowledge, there are currently no meta-
analyses summarizing the published evidence involving the 
efficacy of dabrafenib and/or trametinib treatment in BRAF 
V600E mutant glioma patients.. Therefore, this meta-analy-
sis aimed to explore the effects of dabrafenib combined with 
trametinib treatment in BRAF V600-Mutant glioma patients 
by comprehensively analyzing currently available studies.

Material and methods

The present systematic review with meta-analysis was 
conducted according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA 2020) 
guideline [34]. This study is registered with the PROSPERO 
registry, number CRD42024518699.

Search strategy

PubMed, the Cochrane Library, EMBASE and the Web of 
Science database were comprehensively searched for rel-
evant trials from their inception until Sep 2023. This study 
picked up the medical subject heading (MeSH) term of ‘dab-
rafenib’ ‘dabrafenib mesilate’ ‘trametinib’ ‘gsk 1,120,212’ 
‘glioma’ and ‘gliomas’ and other keywords to perform the 
search strategy. The detailed search strategy is placed in 
Table S1.

Inclusion and exclusion criteria

Inclusion and exclusion criteria in the present study were 
based on the Population, Intervention, Comparator, Out-
comes, and Study designs (PICOS) structure.

1.	 Population: studies included participants with BRAF 
V600 mutation-positive glioma.

2.	 Intervention: participants received dabrafenib and/or 
trametinib treatment.

3.	 Comparator: no restrictions on the intervention methods 
of the control group.

4.	 Outcome: studies provided progression-free survival 
(PFS), overall survival (OS), adverse event(AEs), PFS 
rate, partial response (PR), complete response (CR), 
objective response rate (ORR), or response rate (RR) 
(including partial response, complete response, and 
minor response) as outcomes.

5.	 Study design: studies with any comparative designs, or 
single-arm observational designs.
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Besides, conference abstracts, case reports, reviews, 
studies with incomplete data, and repeated reports of the 
same study were excluded.

Data extraction

Available studies were selected by two authors indepen-
dently, which included screening abstracts and titles and 
checking full texts. Disagreements between them were 
resolved by a third one. The following information were 
extracted from included studies: publication year, author’s 
name, country, sample size, study design, age, clinical 
diagnosis, female proportion, interventions of the experi-
mental group or controlled group, and outcomes.

Quality assessment

Methodological index for non-randomized studies 
(MINORS) [35] was used to assess the methodological 
quality of all observational studies. This tool consisted 
of 8 criteria for all studies and 4 added criteria specifi-
cally for controlled studies. Each criterion was scored 0, 
1, or 2 (where 0 showed high risk, 1 showed unclear risk, 
and 2 showed low risk), and the sum for each study was 
calculated.

Statistical analysis

The meta-analysis was conducted using STATA 14.0 (Stata-
Corp, College Station, Texas, USA). Pooled effects of PFS, 
PFS rate, OS, PR, CR, ORR, RR and AEs were calculated. 
If the 95% CIs of the rates exceeded 100%, the “metaprop” 
command was used; otherwise, the “metan” command was 
used [36]. The study used I-squared (I2) and χ2 to evaluate 
the heterogeneity. The random-effect model was adopted if 
the p ≤ 0.10 and I2 ≥ 50%, which meant existing heterogene-
ity among studies model. Otherwise, the fixed-effect model 
was applied. Publication bias was assessed using funnel 
plots, the Begg rank correlation [37] and Egger weighted 
regression [38]. If significant bias was present, trim-and-
fill analysis was used to judge whether the publication bias 
had an impact on the outcomes. Subgroup analysis was 
conducted to explore possible sources of heterogeneity in 
different age (> 18 or ≤ 18), interventions (dabrafenib and 
trametinib, dabrafenib or trametinib), and clinical diagnosis 
(HGGs and/or LGGs, PHGG, PLGG).

Subgroup analysis was performed to explore possible 
sources of heterogeneity if necessary. Sensitivity analysis 
by leave-one-out method was used to test the robustness of 
the results. P < 0.05 indicated statistical significance.

Results

Study selection

To sum up, a total of 720 studies were retrieved as poten-
tially relevant literature reports through the initial searches. 
Among these studies, 81 records were marked as duplicates 
by automation tools, and 232 records were excluded after 
reviewing the title and abstract since they were not related 
to the topic of this research article. After excluding 397 inac-
cessible and unavailable studies, 10 studies remained for 
full-text screening. There were 2 studies without full-text, 
and 8 studies [10, 19–21, 29, 33, 39, 40] were eligible for 
our analysis. The flow chart is in Fig. 1.

Study characteristics

The eight trials that met the inclusion criteria were published 
between 2021 and 2023, with sample sizes ranging from 5 to 
58. The eight studies included two controlled trials and six 
single-arm trials. The studies were conducted in one each 
in Spain, the USA, England, and Canada. Most of the study 
population were children. Female proportion ranged from 
47.83 to 56.1. The participants’ demographic characteristics 
were summarized in Table 1. 

Quality assessment

Quality assessment was performed among each included 
study by MINORS. The six single-arm studies received 
14,15 and 16 points, respectively. Major issues focused on 
possible bias in the evaluation of target outcomes, a loss of 
follow-up rate of more than 5% and no prospective calcula-
tion of the sample size. One of the two controlled studies 
received a perfect score [33], and the other trials had four 
alarming points, including loss to follow up exceeding 5%, 
no prospective calculation of the sample size, control group 
not having the gold standard intervention, and without base-
line equivalence of groups [29]. The results of the included 
trials in this meta-analysis were at low risk (Table 2).

Primary Outcomes

Progression‑free survival and overall survival

Three trials provided PFS as outcomes [19, 21, 40]. 
The meta-analysis showed that PFS after dabrafenib 
and trametinib treatment was 6.10 (95%CI: 3.09–9.11, 
I2 = 0.0%, P = 0.382) months (Fig. 2(a)). Moreover, two 
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studies presented OS [19, 21], dabrafenib combined with 
trametinib led to an OS of 22.73 (95%CI: 5.26–40.21, 
I2 = 90.2%, P = 0.001) months (Fig. 2(b)).

Adverse events (AEs) and death events

Seven studies presented data about AEs [20, 21, 29, 33, 
40]. The pooled rate of AEs was 50% (95%CI: 9%-91%; 
I2 = 99.4%, P < 0.001) (Fig. 3(a)). However, the subgroup 
analysis showed the high heterogeneity of AEs may not 
result from the intervention, age, or clinical diagnosis 
(Supplementary Fig. 1). However, the AE rate was lower 
in the monotherapy group (AE: 25%; 95%CI: -28%-78%; 
I2 = 93.4%) than in the combination treatment group (AE: 
60%; 95%CI: -29%-90%; I2 = 97%). Moreover, the pooled 
rate of death events [21, 40]was 43% (95%CI: 26%-60%; 
I2 = 68.3%, P = 0.076) (Fig. 3(b)).

Secondary outcomes

PFS rates

Three studies presented the PFS rates [10, 39, 40], and the 
pooled PFS rate was 79% (95%CI: 51%-107%, I2 = 96.3%, 
P < 0.001) (Supplementary Fig. 2(a)). Without heterogene-
ity reduction, no statistically significant difference in the 
PFS rates was found by intervention subgroup analysis 
(Supplementary Fig. 2(b)).

Disease response

Two studies [20, 40]presented complete response (CR) 
and partial response (PR). The pooled rate of PR was 30% 
(95%CI: 21%-39%, I2 = 0.0%, P = 0.827) (Supplementary 

Fig. 1   PRISMA flow chart for 
study screening and inclusion
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Table 2   Quality assessment of 
included studies by MINORS

1.A stated aim of the study; 2.Inclusion of consecutive patients; 3.Prospective collection of data; 4.End-
point appropriate to the study aim; 5.Unbiased evaluation of endpoints; 6.Follow-up period appropriate to 
the major endpoint; 7.Loss to follow up not exceeding 5%; 8.Prospective calculation of the sample size; 
9.A control group having the gold standard intervention; 10.Contemporary groups; 11.Baseline equiva-
lence of groups; 12.Statistical analyses adapted to the study design;

Study 1 2 3 4 5 6 7 8 9 10 11 12 Total

Wen 2022 2 2 2 2 1 2 1 2 14
Hargrave 2023 2 2 2 2 2 2 2 2 16
Lim-Fat 2021 2 2 2 2 2 2 1 1 14
Tsai 2022 2 2 2 2 1 2 2 2 15
Perez 2021 2 2 2 2 2 2 2 2 16
Subbiah 2023 2 2 2 2 1 2 2 2 15
Bouffet 2022 2 2 2 2 2 2 2 2 2 2 2 2 24
Rosenberg 2022 2 2 2 2 2 2 1 1 1 2 1 2 20

Fig. 2   Forest plot for PFS (a) 
and OS (b)
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Fig. 3(a)) while the pooled rate of CR was 18% (95%CI: 
6%-42%, I2 = 88.8%, P  = 0.003) (Supplementary 
Fig. 3(b)).

Moreover, two studies [10, 40] presented objective 
response rate (ORR) and six studies presented response 
rate (RR) [10, 19, 21, 33, 39]. The pooled ORR was 39% 
(95%CI: 3%-31%; I2 = 93.3%, P < 0.001) (Supplementary 
Fig. 4(a)) while the pooled RR was 58% (95%CI: 26%-
90%; I2 = 96.2%, P < 0.001) (Supplementary Fig. 4(b)). 
After the subgroup analysis of RR by different interven-
tions, age, and clinical diagnosis, the heterogeneity was 
markedly decreased in the age subgroup of more than 
18 years old patients (I2 = 0.0%, P = 0.333), interven-
tion subgroup of dabrafenib or trametinib (I2 = 32,1%, 
P = 0.225), and clinical diagnosis subgroup of HGGs and/
or LGGs patients (I2 = 42.1%, P = 0.189) (Supplementary 
Fig. 5).

Publication bias and sensitivity analysis

The study used the funnel plot, and Begg and Egger's test 
to evaluate the publication bias. The funnel plots showed 
there may exist publication bias in PFS, PFS rate, OS, 
PR, CR, ORR, RR, AEs, and death events (Supplemen-
tary Fig. 6–14), however this possibility was negated by 
Begg and Egger's test (P > 0.05) (Supplementary Table 2).. 
However, the sensitivity analysis results and funnel plots 
found the existence of heterogeneity in PFS, PFS rate, OS, 
PR, CR, ORR, RR, AEs, and death events analysis, sug-
gesting that analysis results should be treated with caution 
(Supplementary Fig. 15–23).

Fig. 3   Forest plot for AEs (a) 
and death events (b)
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Discussion

The meta-analysis, which included a comprehensive col-
lection of 8 studies, revealed the effects of dabrafenib 
combined with trametinib in BRAF V600 mutation-
positive glioma. This meta-analysis presented a PFS of 
6.10 months, an OS of 22.73 months, a pooled AEs rate 
of 50% and a death events rate of 43%. All the above were 
statistically significant. Moreover, a pooled rate of PR was 
30%, a pooled rate of CR was 18%, a pooled ORR was 
39%, and a pooled RR was 58%. Significant heterogene-
ity was observed in OS, AEs, death event, PFS rates, CR, 
ORR, and RR analysis, with intervention, age, and clini-
cal diagnosis was discovered as potential confounders for 
RR results.

PFS and OS are efficacy outcomes we generally dis-
cussed about oncological treatments, which are both 
intuitive and often calculated statistically. Our results 
showed that after the treatment of dabrafenib com-
bined with trametinib, the PFS and OS of BRAF V600 
mutation-positive glioma patients were 6.10  months 
and 22.73 months, respectively, which showed an anti-
tumor activity and improvement of disease progression. 
Similar results were also found in several trials [19, 21, 
40]. Nonetheless, most of trials included in this study 
were single-arm and were lacking in controlled studies 
with other therapies which were crucial for better selec-
tion and use of dabrafenib combined with trametinib in 
the future. A case report about recurrent BRAF V600E-
mutant adult gliomas [41] found that after a failure of a 
BRAF inhibitor alone, a BRAF inhibitor combined with 
a MEK inhibitor could exert a markedly prolonging OS. 
Moreover, a phase 2 clinical trial [42] showed that 47% of 
patients treated with dabrafenib plus trametinib achieved 
an overall response, compared to 11% in the chemotherapy 
group. Additionally, the median progression-free survival 
was significantly longer in the dabrafenib plus trametinib 
group (20.1 months) compared to the chemotherapy group 
(7.4 months). In addition to the above advantages com-
pared with either alone or standard chemotherapy, sev-
eral studies [17, 18, 29] had found that a BRAF inhibitor 
combined with a MEK inhibitor had superior PFS and OS 
after radiotherapy, chemotherapy, or the clinical standard 
care surgery and was well tolerated. All the above studies 
suggested that clinical trials of rare diseases were mostly 
single-arm, and the lack of high-quality studies, such as 
RCTs, was common and inevitable nowadays. Therefore, if 
the number of relevant single-arm studies was sufficiently 
large in the future, we can consider to perform subgroup 
analyses to discuss respectively, such as patients with low-
grade gliomas containing highly heterogeneous tumors 
with different prognoses, or patients with different surgical 

manages (no, partial or total tumor resection) [21, 43], 
then finding out the best suitable population for darafenib 
combined with trimetinib and making suggestions for the 
determination of the dosage regimen.

In addition to PFS and OS, disease response is also an 
indicator that has been focused on in tumor therapy. Our 
results showed that PR, CR, ORR, and RR of dabrafenib 
combined with trametinib in BRAF V600 mutation-positive 
glioma were, 30%, 18%, 39%, and 58%, respectively. Com-
pared with single drug, Nobreet al [44] also supported the 
advantage of disease response of the combined therapy, with 
a rapid and long-lasting response, which was obtained within 
2 months and sustained over 24 months. Moreover, the 
objective response rate of the combined therapy was more 
obvious in LGG compared to patients with BRAF V600E 
mutated HGG (ORR of 26%) [45].These studies reminded 
us that if there were enough controlled studies available for 
analysis in the future, the efficacy of the combined therapy 
versus (VS) single drug in LGG, including how soon to start 
responding and how long a response sustains, or the efficacy 
of the combined therapy in low-grade VS high-grade glio-
mas should be focused on. In addition, recently, a study [39] 
found that 20% of 70 patients with PLGG had inconsistent 
responses, and later, it was concluded that different assess-
ments had their own tendencies and focus by performing a 
comparison of volumetric and 2D tumor assessments, which 
reminded us that we should identify a uniform assessment 
standard in subsequent oncology studies.

The occurrence of adverse events (AEs) and deaths 
during the use of novel targeted drugs also should be paid 
attention to. Lots of trials [10, 46, 47]have indicated that 
AEs associated with dabrafenib combined with trametinib 
are most common in the skin, gastrointestinal symptoms, 
or some severe AEs such as atrial fibrillation and pulmo-
nary embolism. This study showed that after treated with 
dabrafenib combined with trametinib, the rates of AEs and 
death events in BRAF V600 mutation-positive glioma were 
50% and 43%, respectively. It was a rate difficult to ignore. 
Such a high risk of AEs may be related to the reason that all 
adverse events were counted together in this study. In fact, 
AEs for dabrafenib combined with trametinib were generally 
mild-moderate symptoms, such as fever, headache, fatigue, 
and nausea, with low incidence rate of grade ≥ 3 AEs like 
ocular changes, cardiomyopathy, and pneumonia [48–50]. 
As for the high risk of death, some participants may had 
other potentially high mortality-risk primary conditions 
before, and it was difficult to separately perform subgroup 
analysis of these patients for the limited amount of available 
studies [51–53]. In conclusion, the findings should be treated 
with caution.

It is crucial to consider the limitations in this study. First, 
potential language bias might exist because only studies 
published in English were included. Second, the outcomes 
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mentioned in this study did help us to evaluate the effects 
of dabrafenib combined with trametinib in BRAF V600 
mutation-positive glioma to a great extent, but if there are 
more high-quality studies in the future, we may make a more 
comprehensive evaluation together with other more evalua-
tion items, such as neurocognitive and psychological evalu-
ation, which depended on a fact that BRAF V600 mutation-
positive glioma survivors face long-term psychological and 
neurocognitive morbidities [39].Thirdly, the studies included 
in this study was limited. Most were single-arm, and only 
2 controlled studies were included. The lack of a sufficient 
number of controlled studies made it difficult to get rid of 
the influence of confounding factors on the reliability of the 
results. Based on several studies encouraging a conventional 
molecular testing for BRAF mutation-targeted alterations 
in clinical diagnosis [19, 21], a large number of controlled 
studies that can be pooled and analyzed will undoubtedly 
emerge in the future. Therefore, we can continue to follow 
up in this aspect. Moreover, no publication bias existed in 
all results and sensitivity analysis indicated that the pooled 
effect size results were robust.

Conclusions

To sum up, dabrafenib combined with trametinib may have 
potential effects on improving survival, disease response, 
and AEs of patient with BRAF v600-mutant PLGG based 
on current literatures’outcomes, and highlighted the need for 
more high-quality studies.
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