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1 |  INTRODUCTION

Melanoma is a severe cutaneous carcinoma with an increas-
ing incidence rate.1-3 Melanoma accounts for only 2.3% of all 
cutaneous malignancies, but it leads to the majority of skin‐
cancer deaths.4,5 The 5‐year survival rate of patients with 

metastatic melanoma is between 5% and 19%.6,7 Melanoma 
has a strong invasive capability and systematic appearance of 
acquired resistance, which complicates clinical treatment.5,7

Several recent studies 8-10 have demonstrated that BRAF 
inhibition combined with MEK inhibition achieved better cu-
rative effect vs BRAF monotherapy. BRAF inhibitions (eg, 
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Abstract
Background: Melanoma is a potentially fatal malignancy with poor prognosis. 
Several recent studies have demonstrated that combination therapy of BRAF and 
MEK inhibition achieved better curative effect and appeared less toxic effects. We 
conducted a meta‐analysis to evaluate the efficacy and safety between BRAF inhibi-
tion plus MEK inhibition combination therapy and BRAF inhibition monotherapy in 
melanoma patients.
Methods: We performed the search in PubMed, EMBASE, and the Cochrane Library 
from January 2010 to January 2019. Inclusion and exclusion of studies, assessment 
of quality, outcome measures, data extraction, and synthesis were independently ac-
complished by two reviewers. Revman 5.3 software was used for the meta‐analysis.
Results: Totally, seven randomized controlled trials involving 3146 patients met our 
inclusion criteria. Comparing the results of combination therapy and monotherapy, 
combination therapy significantly improved OS (RR  =  1.13; 95% CI, 1.08, 1.19; 
P < 0.00001), ORR (RR = 1.36; 95% CI, 1.28, 1.45; P < 0.00001), PFS (RR = 0.57; 
95% CI, 0.52, 0.63; P < 0.00001) and reduced deaths (RR = 0.78; 95% CI, 0.69, 
0.88; P  <  0.0001). Skin‐related adverse events such as hyperkeratosis, cutaneous 
squamous‐cell carcinoma were less compared with monotherapy. However, gastro-
intestinal events like nausea, diarrhea, and vomiting were at a higher frequency.
Conclusion: Doublet BRAF and MEK inhibition achieved better survival outcomes 
over single‐agent BRAF inhibition and occurred less skin‐related events, but gastro-
intestinal events were more in combination therapy.
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dabrafenib, vemurafenib, encorafenib) plus MEK inhibitions 
(eg, cobimetinib, trametinib, binimetinib) significantly im-
proved the overall survival (OS), progression‐free survival 
(PFS) and overall response rate (ORR) in metastatic mela-
noma patients, as compared with single agent BRAF inhibi-
tion.11,12 What's more, patients treated with BRAF inhibition 
alone often developed acquired resistance resulting in discon-
tinuation of monotherapy.13,14 And more patients occurred 
cutaneous squamous‐cell carcinoma or cutaneous hyperkera-
tosis.15 Compared with BRAF inhibition alone, combination 
therapy delayed the occurrence of acquired resistance and ap-
peared less toxic effects.16,17 However, combination therapy 
was related to a higher incidence of pyrexia and gastrointesti-
nal events (eg, diarrhea, nausea, or vomiting).13

Based on existing literature, we try to evaluate the ef-
fects and clinical relevant adverse events between combina-
tion therapy (BRAF and MEK inhibition) and monotherapy 
(BRAF inhibition alone).

2 |  MATERIALS AND METHODS

2.1 | Literature search
The PubMed, EMBASE and the Cochrane Library were 
searched from January 2010 to January 2019. Search formulas 
were the following: “BRAF inhibition,” “MEK inhibition,” 
“melanoma,” “dabrafenib,” “trametinib,” “vemurafenib,” 
“cobimetinib,” “binimetinib,” “encorafenib.” Article type 
was not limited for potential studies.

2.2 | Study selection
The selection criterions were: (1) The study design of litera-
ture was randomized controlled trial. (2) Patients in the study 
were diagnosed with metastatic melanoma. (3) Treatment 
was BRAF inhibition in combination with MEK inhibition 
compared with single drug BRAF inhibition. (4) The study 
results included adverse events (AEs) and efficacy, including 
overall survival (OS), mortality, progression‐free survival 
(PFS), and overall response rate (ORR). Exclusion criterions 
were: (1) The research content was not related to drug effi-
ciency and safety. (2) Melanoma patients without mutations 
of BRAF V600E or BRAF V600K. (3) The research design 
was not randomized controlled trial. (4) Result was not avail-
able or incomplete.

2.3 | Extraction of data and 
quality assessment
Extraction of data was completed by two reviewers indepen-
dently, according to standardized data‐collection form. Data 
extraction form consisted of the following: number of patients, 
median age, male ratio, OS, mortality, ORR, PFS, and adverse 

events. The adverse events selected subsequently were mainly 
classified into skin‐related events, gastrointestinal events, and 
then further analyzed. Most common adverse events were ex-
tracted including gastrointestinal events and cutaneous events. 
Results of both participants were compared, any differences 
found were discussed and then referred to the original article for 
correction. Quality assessment was conducted by the Cochrane 
Collaboration's risk‐of‐bias tool.

2.4 | Analysis of data
Data analysis was carried out via Revman 5.3. Tests for ho-
mogeneity were assessed primarily by I2 statistic to determine 
whether the statistics can be combined. If I2 value was less than 
25%, it could be considered as a low level heterogeneity. The 
value between 25% and 50% was significant and indicated that 
the studies may be homogeneous while I2 value more than 50% 
was insignificant. The risk ratio (RR) was used to estimate the 
efficacy and safety. 95% confidence interval (95% CI) was 
calculated to estimate population parameters. Indispensably, P 
value was calculated as a measurement of statistical signifi-
cance. The results of risk ratio value or 95% CI were not statis-
tically significant unless the P value was less than 0.05.

3 |  RESULTS

3.1 | Literature search and study 
characteristics
Seven randomized controlled trials were selected in total.8,9,11-

13,18,19 Our initial literature search found a total of 549 rel-
evant citations. After duplication, 541 studies were included. 
Subsequently, 528 of 541 studies were excluded because their 
titles and abstracts did not fulfill our inclusion criteria. Six of 
the remaining 13 studies were further discarded after full‐text 
assessing. Details about selection of studies were illustrated in 
Figure 1. Of all eligible studies, five were randomized phase 
3 trials and one was randomized phase 1, 2 trial and one was 
unknown. All these included studies were carried out between 
2012 and 2018. A total of 3146 patients with histologically 
confirmed metastatic melanoma were included in assessment 
and 2046 patients were at stage M1c. All studies were consist-
ent with the principle of combination therapy (MEK inhibition 
plus BRAF inhibition) vs monotherapy (BRAF inhibition). 
The characteristics of these trials are presented in Table 1.

3.2 | Overall survival and progression‐free 
survival and treatment response
The risk ratios (RR) for overall survival (OS), mortality, over-
all response rate (ORR), PFS were 1.13 (95% CI, 1.08, 1.19; 
P < 0.00001), 0.78 (95% CI, 0.69, 0.88; P < 0.0001), and 
1.36 (95%CI, 1.28, 1.45, P < 0.00001), 0.57 (95% CI, 0.52, 
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0.63, P < 0.00001), respectively. Obviously, the P value of 
four outcomes indicated significantly statistical difference 
between combination therapy and monotherapy. Forest plots 
of OS, PFS, ORR, and mortality associated with combination 
therapy and monotherapy were showed in Figure 2.

3.3 | Analysis of toxicity outcomes
Combination therapy was related to a more frequent incidence 
of pyrexia (RR = 1.60; 95% CI, 1.42,1.79; P < 0.00001) and 
gastrointestinal events such as diarrhea (RR = 1.52; 95% CI, 
1.37, 1.68; P  <  0.00001), and vomiting (RR  =  1.61; 95% 
CI, 1.40, 1.86; P  <  0.0001), nausea (RR  =  1.24; 95% CI, 
1.12, 1.37; P < 0.0001), compared to monotherapy. Table 2 
presented the incidences of some adverse events. However, 
with a dramatic toxicity event difference shown in data 
analysis, the result favored BRAF inhibition over combina-
tion treatment in dermatologic diseases, including alopecia 
(RR  =  0.31; 95% CI, 0.27, 0.36; P  <  0.00001), arthralgia 
(RR  =  0.65; 95% CI, 0.59, 0.71; P  <  0.00001), hyperker-
atosis (RR = 0.31; 95% CI, 0.26, 0.37; P < 0.00001), and 
cutaneous squamous‐cell carcinoma (RR  =  0.21; 95% CI, 
0.14, 0.30; P  <  0.00001). A similar incidence of rash and 
fatigue occurred in both combination therapy and mono-
therapy. However, there were significant heterogeneity 
in pyrexia (I2  =  89%, P  <  0.00001), diarrhea (I2  =  88%, 

P  <  0.00001), rash (I2  =  88%, P  <  0.00001), alopecia 
(I2 = 80%, P < 0.0001), arthralgia (I2 = 72%, P = 0.0009), 
nausea (I 2= 67%, P = 0.004), vomiting (I2 = 58%, P = 0.02), 
and hyperkeratosis (I2 = 57%, P = 0.03) (Figures 3-5).

3.4 | Subgroup analysis
A subgroup analysis was conducted on account of signifi-
cant heterogeneity in our analysis of adverse outcomes. 
According to combination drugs, all trials were classified 
into three subgroups: (1) combination of dabrafenib and 
trametinib vs dabrafenib or vemurafenib; (2) combination 
of vemurafenib and cobimetinib vs vemurafenib; (3) com-
bination of encorafenib and binimetinib vs encorafenib or 
vemurafenib. Among subgroup analysis for adverse out-
comes, the group dabrafenib and trametinib showed obvi-
ous heterogeneity in nausea (I2 = 71%, P = 0.03), diarrhea 
(I2 = 81%, P = 0.006), cutaneous squamous‐cell carcinoma 
(I2 = 71%, P = 0.03), arthralgia (I2 = 61%, P = 0.08). The 
group encorafenib and binimetinib had significant heteroge-
neity in diarrhea (I2 = 90%, P < 0.0001), pyrexia (I2 = 76%, 
P = 0.04), vomiting (I2 = 76%, P = 0.02). In conclusion, 
the significant heterogeneity of adverse outcomes came 
from the groups dabrafenib and trametinib, encorafenib and 
binimetinib. The reason may be related to different control 
drugs.

F I G U R E  1  Flow diagram of studies 
selection

Records iden�fied through 
database searching

(n = 547)

Sc
re
en

in
g

In
clu

de
d

El
ig
ib
ili
ty

Id
en

�fi
ca
�o

n

Addi�onal records iden�fied 
through other sources

(n = 2)

Records a�er duplicates removed
(n = 8)

Records screened
(n = 541)

Records excluded
(n = 528)

Full-text ar�cles assessed 
for eligibility

(n = 13 )

Full-text ar�cles excluded, 
Data not adequate(n = 3)

Not relevant(n = 3)

Studies included in 
qualita�ve synthesis

(n = 7)

Studies included in 
quan�ta�ve synthesis 

(meta-analysis)
(n = 7)



   | 5417YU et al.

3.5 | Publication bias
All the included studies were at low risk of bias, according to the 
Cochrane Collaboration tool. Four trials were blinded, whereas 
two trials were open‐label, but blinding was unclear in one study 
(Figure 6). Publication bias were also analyzed and showed a 
low risk. The funnel plot analysis is shown in Figure 7.

4 |  DISCUSSION

Melanoma is a highly mutated malignancy with poor prog-
nosis.20 About half of all melanoma patients harbor an ac-
tivating BRAF mutation.21 Our meta‐analysis suggests that 
BRAF inhibition in combination with MEK has a protective 
effect compared to BRAF inhibition alone owing to the bet-
ter overall survival, response rate and reduction the risk of 
death events. And skin‐related adverse events such as hy-
perkeratosis, cutaneous squamous‐cell carcinoma were less 
compared with monotherapy. However, the occurrence rate 
of gastrointestinal events was higher in combination therapy. 
Pyrexia was also at a higher rate in doublet therapy of BRAF 
and MEK inhibition. The results were similar to former 
meta‐analysis.17

Combination therapy of MEK and BRAF inhibi-
tion provided a better overall survival and response rate. 
Theoretically, MEK and BRAF inhibitions restrain tumor cell 
proliferation in the way of inhibiting gene expression directly, 
which plays a necessary role in MAPK pathway.22 In addi-
tion, BRAF and MEK inhibition could affect CD8+ T cell 
of immune system, consequently promoting the expression 
of melanoma antigens and enhancing T‐cell cytotoxicity.23 
However, resistance to BRAF inhibitions limited the onset 
time, which restricted the duration of effective treatment.24 
Mechanisms of resistance were fasten on MAPK (mitogen‐
activated protein kinase) pathway reactivation, gene expres-
sion change including acquired overexpression of upstream 
NRSA and MEK mutations, amplification or alternate splic-
ing of mutant BRAF, reactivation and autophagy of ERK 
(extracellular regulated protein kinases),25 COT and MLKs 
overexpression.26 Besides, tumor microenvironment change 
such as microRNA and aryl hydrocarbon receptor (AhR) 
transcription factor has been found in BRAF resistance.27,28 
Immune microenvironment change such as increasing PD1+ 
melanoma cells was also related to tumor recurrence.29 These 
findings suggested that the occurrence of acquired resistance 
could be prevented or delayed in combination therapy, which 
included downstream target inhibition and BRAF inhibition. 
Consistent with our study, a number of studies demonstrated 
that combination therapy would be more efficient to inhibit 
acquired resistance in the process of development and showed 
better survival benefit.21,30,31 Studies of recent development 
and obstacles of melanoma with BRAF and MEK inhibition T
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as MAPK pathway inhibitor significantly overcame acquired 
resistance and had a higher survival rate and a more durable 
response rate.32,33 It had been reported that combination of 
MEK and BRAF inhibition had improved the quality of life 
of patient with metastatic melanoma.34

In our meta‐analysis, the occurrence of skin events was 
significantly reduced in the BRAF and MEK group. A 

certain percentage of patients acquired these events during 
therapeutic process.35 The possible explanation was recog-
nized as reactivation of MAPK pathway, the way resulting 
in explosive cell growth.36,37 At present, there was a study 
focusing on spectrum of cutaneous adverse events during the 
treatment of melanoma, although the study had only reported 
encorafenib and binimetinib, it actually demonstrated a lower 

F I G U R E  2  Forest plots of RR associated with combination therapy vs monotherapy. (A) OS (overall survival); (B) PFS (progression‐free 
survival); (C) ORR (overall response rate); (D) Mortality
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F I G U R E  3  Forest plots of RR of adverse events for combination of BRAF and MEK inhibition vs BRAF inhibition. (A) Pyrexia; (B) Rash; 
(C) Fatigue
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B
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F I G U R E  4  Forest plots of RR of adverse events for combination of BRAF and MEK inhibition vs BRAF inhibition. (A) Nausea; (B) 
Vomiting; (C) Diarrhea
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B
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F I G U R E  5  Forest plots of RR of 
adverse events for combination of BRAF 
and MEK inhibition vs BRAF inhibition. 
(A) Alopecia; (B) Arthralgia; (C) 
Hyperkeratosis; (D) CSCC

A

B

C

D
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rate in skin toxicity with combined MEK and BRAF inhibi-
tion.38 Meanwhile, the study showed that diverse cutaneous 
events emerged various degrees in monotherapy and combi-
nation group, suggesting a more complex mechanism in this 
kind of adverse event and a harder improvement to stop skin 
untoward events. Cutaneous adverse events of melanoma 
therapies were described in a review which was in common 
with our results.39

However, combination therapy brought out some addi-
tional toxicities. Gastrointestinal events, including nausea, 
diarrhea, vomiting were found in our meta‐analysis. Knispel 
et al had ever emphasized the significant role of these side 
effects related to life quality although the effects were mod-
erate, reversible, and can be managed.40 Livingstone et al had 

F I G U R E  6  Risk of bias summary

F I G U R E  7  Funnel plot analysis for publication bias assessment
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also demonstrated the same result.41 Pyrexia was found at a 
higher risk in our meta‐analysis. A study concentrated on py-
rexia confirmed that pyrexia occurred the first 3  weeks of 
treatment. Frequency and recurrence were the clinical fea-
tures of pyrexia.42 Based on these studies and the results of 
our analysis, it was not an accident and it might be a focus 
we should pay attention to. The additional gastrointestinal 
events may be relevant to MEK inhibition as there were re-
ports demonstrating that diarrhea was a common toxicity 
event.22,43 There was no doubt that these additional toxicities 
would reduce life quality to some degree. However, more re-
searches were needed to find out whether it was significant or 
not in guiding drug use.

In general, our meta‐analysis included the latest seven ran-
domized controlled trials concerning metastatic melanoma 
patients. Furthermore, we analyzed effects and safety of com-
bination therapy by comparing with single‐agent BRAF inhi-
bition. However, limitations can be seen in our meta‐analysis. 
The first, dose standard and type of drug were not separated 
for more precise analysis, which may be the main origin of 
heterogeneity. The second, the reported adverse events varied 
from one to another articles, along with diverse evaluation 
criteria.

5 |  CONCLUSION

In conclusion, combination of BRAF and MEK inhibition 
achieved better survival benefit compared with single drug 
BRAF inhibition. Besides, skin‐related events were less but 
gastrointestinal events were more in combination therapy. In 
addition, more randomized controlled trials are required for 
further research.
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