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A bs tr ac t

Background

Resistance to therapy with BRAF kinase inhibitors is associated with reactivation of 
the mitogen-activated protein kinase (MAPK) pathway. To address this problem, we 
conducted a phase 1 and 2 trial of combined treatment with da braf e nib, a selective 
BRAF inhibitor, and trametinib, a selective MAPK kinase (MEK) inhibitor.

Methods

In this open-label study involving 247 patients with metastatic melanoma and BRAF 
V600 mutations, we evaluated the pharmacokinetic activity and safety of oral da-
braf e nib (75 or 150 mg twice daily) and tra me ti nib (1, 1.5, or 2 mg daily) in 85 
patients and then randomly assigned 162 patients to receive combination therapy 
with da braf e nib (150 mg) plus tra me ti nib (1 or 2 mg) or da braf e nib monotherapy. 
The primary end points were the incidence of cutaneous squamous-cell carcinoma, 
survival free of melanoma progression, and response. Secondary end points were 
overall survival and pharmacokinetic activity.

Results

Dose-limiting toxic effects were infrequently observed in patients receiving combina-
tion therapy with 150 mg of da braf e nib and 2 mg of tra me ti nib (combination 150/2). 
Cutaneous squamous-cell carcinoma was seen in 7% of patients receiving combina-
tion 150/2 and in 19% receiving monotherapy (P = 0.09), whereas pyrexia was more 
common in the combination 150/2 group than in the monotherapy group (71%  
vs. 26%). Median progression-free survival in the combination 150/2 group was  
9.4 months, as compared with 5.8 months in the monotherapy group (hazard ratio 
for progression or death, 0.39; 95% confidence interval, 0.25 to 0.62; P<0.001). The 
rate of complete or partial response with combination 150/2 therapy was 76%, as 
compared with 54% with monotherapy (P = 0.03).

Conclusions

Da braf e nib and tra me ti nib were safely combined at full monotherapy doses. The rate 
of pyrexia was increased with combination therapy, whereas the rate of proliferative 
skin lesions was nonsignificantly reduced. Progression-free survival was significantly 
improved. (Funded by GlaxoSmithKline; ClinicalTrials.gov number, NCT01072175.)
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Pharmacologic inhibition of the 
mitogen-activated protein kinase (MAPK) 
pathway has proved to be a major advance 

in the treatment of metastatic melanoma. The use 
of vemurafenib and da braf e nib, agents that block 
MAPK signaling in patients with melanoma and 
the BRAF V600E mutation, has been associated 
with prolonged survival and progression-free sur-
vival, respectively, in randomized phase 3 trials 
involving patients with previously untreated mel-
anoma.1-6 Tra me ti nib mediates blockade of MAPK 
kinase (MEK), which is downstream of BRAF in the 
MAPK pathway and has been associated with im-
proved progression-free and overall survival in 
BRAF V600 melanoma (comprising both V600E 
and V600K mutations).7,8

In spite of these advances, 50% of patients who 
are treated with BRAF or MEK inhibitors have 
disease progression within 6 to 7 months after the 
initiation of treatment.3,6 Several mechanisms 
mediating resistance to BRAF inhibitors through 
MAPK reactivation have been described, including 
the up-regulation of bypass pathways mediated by 
cancer Osaka thyroid kinase (COT),9 development 
of de novo NRAS or MEK mutations,10,11 and di-
merization or variant splicing of mutant BRAF 
V600.12 In addition, MAPK-independent signaling 
through receptor tyrosine kinases, such as platelet-
derived growth factor receptor β,10 insulin-like 
growth factor 1 receptor,13 and hepatocyte growth 
factor receptor, have been associated with resis-
tance.14 New therapeutic strategies are needed to 
address these resistance mechanisms.

In preclinical models, rapid recovery of MAPK 
pathway signaling has been associated with BRAF-
inhibitor resistance, and complete inhibition of the 
MAPK pathway is needed to induce cell death in 
BRAF V600 melanoma.15,16 This can be achieved by 
combining a BRAF inhibitor with a MEK inhibi-
tor.15,16 The emergence of cutaneous squamous-
cell carcinoma early in the course of BRAF-inhib-
itor therapy has been associated with paradoxical 
MAPK pathway activation during BRAF inhibi-
tion.17 In an experimental model of squamous-
cell carcinoma, the addition of a MEK inhibitor to 
a BRAF inhibitor reduced this effect.17

In an attempt to delay resistance to BRAF in-
hibition and explore the safety of combination 
therapy with BRAF and MEK inhibition, we con-
ducted a phase 1 and 2 study to investigate the 
combination of the BRAF inhibitor da braf e nib and 
the MEK inhibitor tra me ti nib in patients with 
metastatic BRAF V600 melanoma.

Me thods

Patients

From March 26, 2010, to July 7, 2011, we screened 
443 patients at 16 centers for participation in the 
study. Patients 18 years of age or older who had 
histologically confirmed metastatic melanoma 
with either BRAF V600E or BRAF V600K muta-
tions were eligible for inclusion. BRAF mutation 
status was determined locally. Eligible patients had 
measurable disease, an Eastern Cooperative On-
cology Group (ECOG) performance status of 0 or 
1 (with 0 indicating asymptomatic and 1 ambula-
tory but restricted in strenuous activity), and ade-
quate organ function. Patients with treated brain 
metastases and at least a 3-month history of stable 
disease were allowed to enroll. Additional eligi-
bility criteria are provided in the Supplementary 
Appendix, available with the full text of this ar-
ticle at NEJM.org. All patients provided written 
informed consent.

Study Design and Treatment

This was an open-label study designed to assess 
the safety, pharmacokinetic activity, and clinical 
activity of combination therapy with da braf e nib 
plus tra me ti nib. The study was conducted in four 
parts (Fig. 1 in the Supplementary Appendix), three 
of which are reported here. Part A confirmed the 
absence of a drug–drug interaction between re-
peated doses of tra me ti nib and a single dose of 
da braf e nib (see the Pharmacokinetics Section in 
Methods in the Supplementary Appendix). Part B 
evaluated the side-effect profile, safety, and phar-
macokinetic activity of escalating doses of da braf-
e nib (75 and 150 mg twice daily) in combination 
with tra me ti nib (1, 1.5, and 2 mg once daily). Part 
B also included two additional cohorts: patients 
with metastatic melanoma and a BRAF V600 mu-
tation who had disease progression during previ-
ous treatment with a BRAF inhibitor and patients 
with colorectal cancer and a BRAF V600 mutation. 
(Results for the latter two cohorts are not report-
ed here.)

Part C was a phase 2 study in which patients 
were randomly assigned in a 1:1:1 ratio to receive 
150 mg of da braf e nib twice daily plus once-daily 
tra me ti nib, at a dose of either 1 mg (combination 
150/1) or 2 mg (combination 150/2), or 150 mg of 
da braf e nib monotherapy twice daily. Patients who 
had disease progression while receiving da braf e-
nib monotherapy could cross over to receive com-
bination 150/2. Primary end points for this portion 
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of the study were the incidence of cutaneous 
squamous-cell carcinoma, progression-free surviv-
al, response rate, duration of response, and safe-
ty. Secondary end points were pharmacokinetic 
activity and overall survival. In part C only, patients 
could have undergone no more than one previous 
chemotherapy regimen for advanced or metastatic 
melanoma, but those who had previously received 
BRAF or MEK inhibitors were not eligible.

Study Oversight

The protocol was approved by the institutional re-
view board at each participating center and com-
plied with country-specific regulatory require-
ments. The study was conducted in accordance 
with the provisions of the Declaration of Helsinki 
and Good Clinical Practice guidelines. The study 
was designed by the academic authors in con-
junction with representatives of the sponsor, 
GlaxoSmithKline. The data were collected by the 
sponsor and analyzed in collaboration with the 
authors. The authors vouch for the accuracy and 
completeness of the data and the fidelity of the 
study to the protocol, which is available at NEJM 
.org. The manuscript was prepared by the first 
and last authors, but all the authors contributed 
to subsequent drafts. All authors made the deci-
sion to submit the manuscript for publication. 
Editorial support that did not involve writing was 
provided by MediTech Media, which was funded 
by the sponsor.

Statistical Analysis

For parts A and B, we did not test any formal hy-
potheses; all analyses were descriptive. The sample 
size for part C was based on the demonstration 
of a reduction in the rate of cutaneous squamous-
cell carcinoma from 20% with da braf e nib mono-
therapy to 3% with combination therapy, with a 
power of 82% and a type I error rate of 5%. We 
based the choice of this primary end point on a 
preclinical scientific hypothesis that this drug com-
bination would attenuate the development of cu-
taneous squamous-cell carcinoma.

Efficacy analyses were performed in the inten-
tion-to-treat population in part C. The prespecified 
rate of progression events required for the final 
analysis in part C was 70% across the three study 
groups, which was reached on May 31, 2012. We 
used Kaplan–Meier methods to estimate progres-
sion-free survival and compared the results among 
the three study groups with a log-rank test. The 
statistical analysis plan is available at NEJM.org.

R esult s

Patients

We enrolled 247 patients with metastatic melano-
ma who had not received previous BRAF-inhibitor 
treatment (Table 1, and Table S3 in the Supple-
mentary Appendix): 8 patients in part A, 77 pa-
tients in part B (including 24 receiving combina-
tion 150/2), and 162 in part C (with 54 per study 
group). Rates of poor prognostic features, such as 
M1c disease, brain metastases, and elevated lactate 
dehydrogenase levels, were similar in the cohort in 
part B and each of the study groups in part C. One 
patient had a BRAF V600R mutation, and all others 
had a V600E or V600K mutation. After a median 
follow-up of 14.1 months in part C, 49 of the 162 
patients continued to receive treatment (23 patients 
in each of the two combination-therapy groups and 
3 patients in the monotherapy group).

Dose Escalation in Part B

Dose escalation began with half the recommended 
monotherapy dose for both da braf e nib and tra-
me ti nib, with no dose-limiting toxic effects at the 
first three dose levels: 75 mg of da braf e nib twice 
daily plus 1 mg of tra me ti nib once daily, 150 mg 
of da braf e nib twice daily plus 1 mg of tra me ti nib 
once daily, and 150 mg of da braf e nib twice daily 
plus 1.5 mg of tra me ti nib once daily. Among the 
24 patients who were treated at the highest dose 
level — 150 mg of da braf e nib twice daily plus 2 mg 
of tra me ti nib once daily (combination 150/2) — 
there was one dose-limiting toxic effect: recurrent 
neutrophilic panniculitis, which was treated with 
glucocorticoids and an eventual dose reduction. 
The maximum tolerated dose combination was not 
reached in this study. The recommended phase 2 
dose was combination 150/2, which combines the 
recommended monotherapy dose for each agent. 
All toxic effects in part B are summarized in Table 
S5 in the Supplementary Appendix.

Safety and Side-Effect Profile

In part C, the incidence of cutaneous squamous-
cell carcinoma (including keratoacanthoma) in pa-
tients receiving da braf e nib monotherapy was 19%, 
as compared with 2% for combination 150/1 and 
7% for combination 150/2 (P = 0.004 and P = 0.09, 
respectively) (Table 2). The rates of rash in the com-
bination 150/1 and 150/2 groups were lower than 
the rate in the monotherapy group (20% and 27%, 
respectively, vs. 36%), but MEK inhibitor–associ-
ated acneiform dermatitis was more prevalent in 
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the combination-therapy groups (11% and 16%, 
respectively, vs. 4%).

Known MEK inhibitor–associated toxic ef-
fects, including peripheral edema, hypertension, 
decreased cardiac ejection fraction, and ocular 
events, occurred more frequently in the combina-
tion-therapy groups than in the monotherapy 
group. Conversely, known BRAF inhibitor–induced 
hyperproliferative skin lesions, such as cutaneous 
squamous-cell carcinoma, papilloma, and hyper-
keratosis, were observed less frequently in the 
combination-therapy groups than in the mono-
therapy group.

The most frequent adverse events observed in 
the combination 150/2 group were pyrexia (all 
grades, 71%; grade 3, 5%) and chills (all grades, 
58%; grade 3, 2%). Pyrexia that was associated 
with severe chills or hypotension or that required 
hospitalization was more frequent in the combi-

nation 150/1 and combination 150/2 groups than 
in the monotherapy group (19% and 25%, re-
spectively, vs. 2%). Two patients in the combina-
tion 150/1 group and one patient in the combi-
nation 150/2 group had drug-related pyrexia that 
was associated with hyponatremia or renal in-
sufficiency.

Other adverse events, in addition to pyrexia and 
chills, that were more common in the combi-
nation 150/2 group than in the monotherapy group 
included fatigue (in 53% of patients), nausea (44%), 
vomiting (40%), and diarrhea (36%), although 
the symptoms were rarely grade 3 or 4. The most 
frequently occurring grade 3 or 4 toxic effect in 
the combination 150/2 group was neutropenia 
(in 11% of patients), with one case of febrile 
neutropenia.

Dose interruptions and delays were frequent in 
all three study groups (Table S1 in the Supplemen-

Table 1. Characteristics of the Patients at Baseline in Part C (Intention-to-Treat Population).*

Characteristic
Dabrafenib Monotherapy

(N = 54)
Combination 150/1

(N = 54)
Combination 150/2

(N = 54)

Median age (range) — yr 50 (18–82) 49 (23–85) 58 (27–79)

Male sex — no. (%) 29 (54) 30 (56) 34 (63)

ECOG performance status — no. (%)

0 34 (63) 38 (70) 35 (65)

1 20 (37) 16 (30) 19 (35)

Metastatic status — no. (%)†

M0 1 (2) 1 (2) 0

M1a 11 (20) 9 (17) 6 (11)

M1b 5 (9) 11 (20) 10 (19)

M1c 37 (69) 33 (61) 38 (70)

History of brain metastases — no. (%) 4 (7) 7 (13) 2 (4)

Elevated lactate dehydrogenase level — no. (%)‡ 27 (50) 25 (46) 22 (41)

BRAF mutation — no. (%)

V600E 45 (83) 45 (83) 47 (87)

V600K 9 (17) 9 (17) 7 (13)

Previous chemotherapy — no. (%) 12 (22) 15 (28) 7 (13)

Previous immunotherapy — no. (%) 8 (15) 16 (30) 13 (24)

* Part C was a phase 2 study in which patients were randomly assigned to receive 150 mg of dabrafenib twice daily plus 
once-daily trametinib at a dose of either 1 mg (combination 150/1) or 2 mg (combination150/2) or 150 mg of da braf e-
nib monotherapy twice daily. There were no significant differences among groups except that patients in the combina-
tion 150/2 group were older than those in the monotherapy group (P = 0.04). ECOG denotes Eastern Cooperative 
Oncology Group.

† The criteria of the American Joint Committee on Cancer for distant metastasis are as follows: M0, no detectable evi-
dence of distant metastases; M1a, metastases to skin, subcutaneous tissue, or distant lymph nodes; M1b, metastases 
to lung; and M1c, metastases to all other visceral sites or distant metastases to any site combined with an elevated se-
rum lactate dehydrogenase level.

‡ The lactate dehydrogenase level was considered to be elevated if it was more than the upper limit of the normal range.
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tary Appendix). In the combination 150/2 group, 
32 of 55 patients included in the safety analyses 
(58%) required dose reductions because of adverse 
events, the majority of which were associated with 

pyrexia and were attributed to da braf e nib. Re-esca-
lation of the da braf e nib dose was common, occur-
ring in 28 of 30 patients (93%). Despite the need 
for dose modifications, the median treatment du-

Table 2. Adverse Events Reported in Part C.*

Adverse Event
Dabrafenib Monotherapy

(N = 53)†
Combination 150/1

(N = 54)
Combination 150/2

(N = 55)†

Grade 3 or 4 All Grades Grade 3 or 4 All Grades Grade 3 or 4 All Grades

number of patients (percent)

Any event 23 (43) 53 (100) 26 (48) 53 (98) 32 (58) 55 (100)

Pyrexia 0 14 (26) 5 (9) 37 (69) 3 (5) 39 (71)

Chills 0 9 (17) 1 (2) 27 (50) 1 (2) 32 (58)

Fatigue 3 (6) 21 (40) 1 (2) 31 (57) 2 (4) 29 (53)

Nausea 0 11 (21) 3 (6) 25 (46) 1 (2) 24 (44)

Vomiting 0 8 (15) 2 (4) 23 (43) 1 (2) 22 (40)

Diarrhea 0 15 (28) 0 14 (26) 1 (2) 20 (36)

Headache 0 15 (28) 1 (2) 20 (37) 0 16 (29)

Peripheral edema 0 9 (17) 0 13 (24) 0 16 (29)

Cough 0 11 (21) 0 6 (11) 0 16 (29)

Arthralgia 0 18 (34) 0 24 (44) 0 15 (27)

Rash 0 19 (36) 0 11 (20) 0 15 (27)

Night sweats 0 3 (6) 0 8 (15) 0 13 (24)

Decreased appetite 0 10 (19) 0 16 (30) 0 12 (22)

Myalgia 1 (2) 12 (23) 0 13 (24) 1 (2) 12 (22)

Constipation 0 6 (11) 1 (2) 9 (17) 0 12 (22)

Elevated blood alkaline phosphatase 0 1 (2) 3 (6) 12 (22) 0 5 (9)

Hyperkeratosis 0 16 (30) 0 3 (6) 0 5 (9)

Alopecia 0 18 (34) 0 5 (9) 0 3 (5)

Grade 3‡ All Grades Grade 3‡ All Grades Grade 3‡ All Grades

Cutaneous squamous-cell carcinoma§ 9 (17) 10 (19) 1 (2) 1 (2) 3 (5) 4 (7)

Skin papilloma 0 8 (15) 0 4 (7) 0 2 (4)

Hyperkeratosis 0 16 (30) 0 3 (6) 0 5 (9)

Decreased ejection fraction 0 0 1 (2) 2 (4) 0 5 (9)

Cardiac failure 0 0 1 (2) 1 (2) 0 0

Hypertension 0 2 (4) 0 2 (4) 1 (2) 5 (9)

Chorioretinopathy 0 0 0 0 1 (2) 1 (2)

* Listed are all adverse events that were reported in more than 20% of patients in any group, regardless of whether a causal relationship was 
likely. In addition to these events, there was one death from sepsis in the combination 150/1 group and there were three deaths in the com-
bination 150/2 group (two from brain hemorrhage and one from pulmonary embolism). None of these events were considered to be related 
to a study drug. Neutropenia (grade 3 or 4) occurred in 11% of patients in the combination 150/2 group, with one case of febrile neutrope-
nia. Acneiform dermatitis occurred in 11% of patients in the combination 150/1 group, 16% in the combination 150/2 group, and 4% in the 
monotherapy group, with no grade 3 or 4 events reported.

† One patient who was assigned to the monotherapy group received combination 150/2 and so was included in the combination 150/2 safety 
analyses.

‡ For these categories, no grade 4 events were reported.
§ Keratoacanthoma was classified as cutaneous squamous-cell carcinoma.
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ration was 10.5 months in the combination 150/1 
group, 11.0 months in the combination 150/2 
group, and 6.1 months in the monotherapy group.

Pharmacokinetic Activity

Repeat-dose tra me ti nib had no effect on the phar-
macokinetic activity of single-dose da braf e nib, with 
ratios of 0.94 to 1.03 for the comparison between 
the area under the time–concentration curve and 
the maximum concentration for da braf e nib be-
fore and after tra me ti nib exposure (Table S2 in the 
Supplementary Appendix). Pharmacokinetic anal-
yses that were performed during dose escalation in 
part B suggested that there was a modest increase 
in exposure to da braf e nib, as compared with pre-
viously reported data, and no apparent effect on 
tra me ti nib exposure5,7 (Fig. S2A and S2B in the 
Supplementary Appendix). These data suggest that 
tra me ti nib may have a minor inhibitory effect on 
da braf e nib clearance.

Efficacy

Part C
At the time of the prespecified efficacy analysis, 
the median follow-up for patients in part C was 
14.1 months (range, 10.8 to 17.6). The median 
progression-free survival for patients in the com-
bination 150/2 group was 9.4 months, as com-
pared with 5.8 months with dabrafenib mono-
therapy (hazard ratio for progression or death, 
0.39; 95% confidence interval [CI], 0.25 to 0.62; 
P<0.001) (Table 3 and Fig. 1A). The improvement 
in progression-free survival as assessed by an in-
dependent review committee was less pronounced 
(hazard ratio, 0.55; 95% CI, 0.33 to 0.93; P = 0.02) 
(Fig. S4 in the Supplementary Appendix). This dif-
ference in the hazard ratio is largely attributable 
to an imbalance in informative censoring, most 
commonly in cases in which new lesions were iden-
tified at the study center but were not considered 
to constitute definitive progression on central re-
view. Less censoring occurred in the combination 
150/2 group, in part because of additional follow-
up beyond investigator-assessed progression. Such 
follow-up did not occur for patients who had dis-
ease progression while receiving monotherapy. 
These patients crossed over to receive combina-
tion therapy and could no longer be evaluated for 
disease progression while receiving their origi-
nally assigned therapy.

At 1 year, 41% of patients in the combination 
150/2 group were alive and progression-free, as 

compared with 9% in the monotherapy group 
(P<0.001). Progression-free survival was consis-
tently improved in all prognostic subgroups of 
the combination 150/2 group, as compared with 
monotherapy (Fig. 1B). Notably, both patients 
with the BRAF V600E mutation and those with 
the BRAF V600K mutation had significant im-
provement in progression-free survival.

An improvement in the other efficacy end 
points was observed in the combination 150/2 
group, as compared with the monotherapy group: 
76% versus 54% for the rate of complete or par-
tial response (P = 0.03), and 10.5 months (95% CI, 
7.4 to 14.9) versus 5.6 months (95% CI, 4.5 to 7.4) 
for the median duration of response. Median over-
all survival was not reached at the time of this 
analysis. The percentage of patients who were alive 
at 12 months was 79% in the combination 150/2 
group and 70% in the monotherapy group, even 
though 80% of patients in the monotherapy group 
crossed over to the combination 150/2 group at the 
time of disease progression (Fig. S3 in the Supple-
mentary Appendix).

Part B
For all patients with a BRAF V600 mutation who 
participated in the dose-escalation phase, efficacy 
end points according to dose cohort are listed in 
Table S4 in the Supplementary Appendix. Among 
the patients in part B who were treated with com-
bination 150/2, the response rate was 63%, and 2 of 
15 responses (13%) were complete radiographic 
responses. The median duration of response was 
11.3 months, and the median progression-free 
survival was 10.8 months.

Discussion

BRAF-targeted therapy has been established as a 
treatment standard for patients who have meta-
static melanoma with activating BRAF mutations, 
on the basis of improvement in the rate of surviv-
al, as compared with conventional chemotherapy.4 
However, clinical evidence of resistance appears 
on average 6 to 7 months after the initiation of 
therapy.2-4,6 Several mechanisms of MAPK-depen-
dent resistance to BRAF inhibitors have been de-
scribed in vitro and corroborated in tumor speci-
mens obtained from patients.9,10,12,13,18 Inhibition 
of the MAPK pathway downstream of BRAF was 
hypothesized to suppress mechanisms of resis-
tance. MEK inhibition has been validated as a 
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therapeutic approach in the same patient popula-
tion,8 providing an opportunity to investigate a 
regimen combining a BRAF inhibitor with a MEK 
inhibitor.

We showed that dabrafenib and tra me ti nib 
could be safely combined when each agent was 
administered at its full single-agent dose. In com-
parison with patients receiving da braf e nib mono-
therapy, patients receiving combination therapy 
had more frequent and more severe pyrexia and 
chills; they also had more frequent gastrointes-
tinal toxic effects (e.g., nausea and vomiting), but 
most of these events were grade 1 or 2. Pyrexia 
was generally manageable with antipyretic agents. 
However, recurrent fevers required the use of low-
dose oral glucocorticoids. The definition of dose-
limiting toxic effects in this protocol pertained 
only to toxic effects observed during the 21 days 
of treatment. The combination 150/2 dose was 
chosen on the basis of the median duration of 
therapy (11 months). It is possible that higher 
doses of either agent could be administered and 

will be considered in other cancers with activat-
ing BRAF mutations.

The incidence of acneiform dermatitis, the most 
common and dose-limiting toxic effect of tra me-
ti nib, is reduced when da braf e nib and tra me ti nib 
are coadministered. In a phase 3 trial,8 grade 3 or 
4 acneiform dermatitis occurred in 8% of tra me-
ti nib-treated patients, whereas no patient in the 
combination 150/2 group had grade 3 or 4 acne-
iform dermatitis. Proliferative skin lesions, includ-
ing cutaneous squamous-cell carcinomas, papillo-
mas, and hyperkeratosis, which are commonly 
seen with da braf e nib monotherapy, were less fre-
quently observed with da braf e nib–tra me ti nib com-
bination therapy. In light of the evidence that BRAF 
and MEK inhibitors have different effects on the 
MAPK pathway in BRAF wild-type cells,19-21 it 
appears likely that tra me ti nib attenuates da braf-
e nib-induced activation of the MAPK pathway. 
The mechanism underlying this interaction has 
been described in a mouse model of squamous-
cell carcinoma.17

Table 3. Efficacy End Points in Part C, as Assessed by the Site Investigators (Intention-to-Treat Population).*

End Point
Dabrafenib Monotherapy

(N = 54)
Combination 150/1

(N = 54)
Combination 150/2

(N = 54)

Progression-free survival — mo

Median (95% CI) 5.8 (4.6–7.4) 9.2 (6.4–11.0) 9.4 (8.6–16.7)

Hazard ratio for death or progression (95% CI) Reference 0.56 (0.37–0.87) 0.39 (0.25–0.62)

P value Reference 0.006 <0.001

Progression-free survival at 12 mo (95% CI) — % 9 (3–20) 26 (15–39) 41 (27–54)

Best response — no. (%)

Complete response 2 (4) 3 (6) 5 (9)

Partial response 27 (50) 24 (44) 36 (67)

Stable disease 22 (41) 24 (44) 13 (24)

Progressive disease 3 (6) 2 (4) 0

Could not be evaluated 0 1 (2) 0

Complete or partial response

No. of patients 29 27 41

Percent of patients (95% CI) 54 (40–67) 50 (36–64) 76 (62–86)

P value Reference 0.77 0.03

Duration of response — mo

Median 5.6 9.5 10.5

95% CI 4.5–7.4 7.4–NA 7.4–14.9

* Hazard ratios and P values are for the comparison between each combination-therapy group and the monotherapy 
group. NA denotes not achieved.

The New England Journal of Medicine 
Downloaded from nejm.org at INSERM DISC DOC on January 14, 2013. For personal use only. No other uses without permission. 

 Copyright © 2012 Massachusetts Medical Society. All rights reserved. 



BR AF and MEK Inhibition in Melanoma

n engl j med 367;18 nejm.org november 1, 2012 1701

Pr
ob

ab
ili

ty
 o

f P
ro

gr
es

si
on

-fr
ee

 S
ur

vi
va

l

1.0

0.8

0.6

0.4

0.2

0.0
0 3 6 9 12 15 18

Months since Randomization

B Subgroup Analyses

A Progression-free Survival

No. at Risk
Monotherapy
Combination 150/1
Combination 150/2

54
54
54

46
47
52

25
33
36

13
26
29

2
11
15

0
1
1

0.1 0.2 0.4 0.6 1.0 2.0 4.0

Monotherapy
Better

Combination Therapy
(150 mg/2 mg) Better

Hazard Ratio (95% CI)No. of PatientsSubgroup

108

92

16

85

23

63

45

33

75

59

49

102

0.05

0.39 (0.25–0.62)

0.43 (0.27–0.71)

0.19 (0.05–0.66)

0.40 (0.24–0.69)

0.41 (0.17–1.02)

0.48 (0.26–0.88)

0.27 (0.13–0.55)

0.28 (0.12–0.66)

0.45 (0.26–0.78)

0.25 (0.12–0.50)

0.63 (0.34–1.16)

0.38 (0.24–0.61)

Overall

BRAF

V600E

V600K

Age

<65 yr

≥65 yr

Sex

Male

Female

Baseline disease stage

IIIcM0, IVM1a, or IVM1b

IVM1c

Baseline LDH

≤ULN

>ULN

No brain metastasis

Combination 150/1
Combination 150/2

Monotherapy

Mono
150/1
150/2

47 (87)
39 (72)
31 (57)

5.8
9.2
9.4

0.56 (0.37–0.87)
0.39 (0.25–0.62)

0.006
<0.001

Events
no. (%)

Median
mo

Hazard Ratio (95% CI) P Value

Figure 1. Progression-free Survival and Subgroup Analyses.

Panel A shows Kaplan–Meier curves for progression-free survival, with progression assessed by the site investiga-
tors, in an analysis comparing two doses of combination therapy — 150 mg of da braf e nib twice daily plus once-daily 
trametinib at a dose of either 1 mg (combination 150/1) or 2 mg (combination 150/2) — with da braf e nib monother-
apy (mono). Panel B shows subgroup analyses for patients receiving either combination 150/2 or monotherapy. 
Both these analyses were performed in part C of the study. The melanoma staging criteria of the American Joint 
Committee on Cancer are defined as follows: stage IIIc, metastases to 4 or more nodes (or in-transit metastasis); 
and stage IV, metastases beyond nodes. The criteria for distant metastasis are defined as follows: M0, no detect-
able evidence of distant metastases; M1a, metastases to skin, subcutaneous tissue, or distant lymph nodes; M1b, 
metastases to lung; and M1c, metastases to all other visceral sites or distant metastases to any site combined with 
an elevated serum lactate dehydrogenase (LDH) level. ULN denotes upper limit of the normal range.
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We hypothesized that progression-free survival 
would be an important measure of the ability of a 
MEK inhibitor to overcome acquired or de novo 
resistance to BRAF inhibition. Indeed, the combi-
nation 150/2 (full-dose) group had significantly 
longer progression-free survival than did the 
monotherapy group (hazard ratio, 0.39; 95% CI, 
0.25 to 0.62; P<0.001). The percentage of patients 
who were alive and progression-free at 1 year was 
also substantially higher (41% vs. 9%, P<0.001). 
The extent of tumor regression was also greater in 
the combination 150/2 group, with an objective 
response rate of 76%, as compared with 54% 
with monotherapy (P = 0.03). In addition, the 
median duration of response was substantially 
improved with combination therapy, as compared 
with da braf e nib monotherapy (10.5 months vs. 
5.6 months). Although we did not evaluate tra-
me ti nib monotherapy in this trial, progression-
free survival with tra me ti nib in patients with BRAF 
V600 melanoma was similar to the outcome with 
da braf e nib or vemurafenib monotherapy observed 
in our trial and several other trials.3,4,6,8 Together, 
these data corroborate previous reports that resis-
tance to BRAF-inhibitor therapy is dependent on 
the MAPK pathway and that the addition of a MEK 
inhibitor to a BRAF inhibitor represents one strat-
egy for delaying the emergence of this resistance 
mechanism.

Currently, we have very little insight into the 
mechanisms of resistance for this combination 
regimen. It is critical to determine whether re-
sistance is mediated by reactivation of the MAPK 
pathway or by MAPK-independent compensatory 
signaling pathways that have been described pre-
viously in preclinical models of melanoma with 
BRAF mutations. Our trial provides evidence sup-

porting the efficacy of a combination regimen of 
BRAF–MEK inhibitors in advanced melanoma. 
Two randomized, phase 3 trials involving patients 
with metastatic melanoma have been initiated 
(ClinicalTrials.gov numbers, NCT01584648 and 
NCT01597908). Interpretation of the survival data 
may be confounded by the inclusion of a minority 
of patients who received immunotherapy before 
enrollment, and additional patients would be ex-
pected to receive such therapy on disease pro-
gression.

Despite successful development of oncogene-
targeted therapy for chronic myeloid leukemia,22 
gastrointestinal stromal tumor,23 and subtypes of 
breast cancer and non–small-cell lung cancer,24-26 
it has not yet been possible to develop combina-
tion targeted therapies that circumvent acquired 
resistance. The combination regimen of BRAF–
MEK inhibitors described here represents a suc-
cessful attempt to combine targeted therapies in 
an oncogene-defined patient population. Further-
more, as a consequence of unique biochemical 
effects observed with BRAF inhibitors, this com-
bination appears to be associated with a reduced 
incidence and severity of some of the toxic ef-
fects of monotherapy with either a BRAF or MEK 
inhibitor. We believe that the combination of da-
braf e nib and tra me ti nib warrants further evalua-
tion as a potential treatment for metastatic mela-
noma with BRAF V600 mutations and other 
cancers with these mutations.
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