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ABSTRACT

On June 22, 2017, the Food and Drug Administration expanded
indications for dabrafenib and trametinib to include treatment
of patients with metastatic non-small cell lung cancer (NSCLC)
harboring BRAF V600E mutations. Approval was based on
results from an international, multicenter, multicohort, non-
comparative, open-label trial, study BRF113928, which sequen-
tially enrolled 93 patients who had received previous systemic
treatment for advanced NSCLC (Cohort B, n 5 57) or were
treatment-na€ıve (Cohort C, n 5 36). All patients received dabra-
fenib 150 mg orally twice daily and trametinib 2 mg orally once
daily. In Cohort B, overall response rate (ORR) was 63% (95%
confidence interval [CI] 49%–76%) with response durations �6
months in 64% of responders. In Cohort C, ORR was 61% (95%
CI 44%–77%) with response durations �6 months in 59% of

responders. Results were evaluated in the context of the Inter-
groupe Francophone de Canc�erologie Thoracique registry and a
chart review of U.S. electronic health records at two academic
sites, characterizing treatment outcomes data for patients with
metastatic NSCLC with or without BRAF V600E mutations. The
treatment effect of dabrafenib 150 mg twice daily was eval-
uated in 78 patients with previously treated BRAF mutant
NSCLC, yielding an ORR of 27% (95% CI 18%–38%), establishing
that dabrafenib alone is active, but that the addition of trameti-
nib is necessary to achieve an ORR of >40%. The most common
adverse reactions (�20%) were pyrexia, fatigue, nausea,
vomiting, diarrhea, dry skin, decreased appetite, edema, rash,
chills, hemorrhage, cough, and dyspnea. The Oncologist
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Implications for Practice: The approvals of dabrafenib and trametinib, administered concurrently, provide a new regimen for the
treatment of a rare subset of non-small cell lung cancer (NSCLC) and demonstrate how drugs active for treatment of BRAF-mutant
tumors in one setting predict efficacy and can provide supportive evidence for approval in another setting. The FDA also approved
the first next-generation sequencing oncology panel test for simultaneous assessment of multiple actionable mutations, which will
facilitate selection of optimal, personalized therapy. The test was shown to accurately and reliably select patients with NSCLC with
the BRAF V600Emutation for whom treatment with dabrafenib and trametinib is the optimal treatment.

INTRODUCTION

An improved understanding of molecular pathways in cancer
has led to the development of targeted agents [1]. Based on lit-
erature reports, BRAF V600 mutations occur in 2% of all non-
small cell lung cancer (NSCLC), of which half are BRAF V600E
(1%–1.5% of NSCLC) [2]. In NSCLC, BRAF V600E is predomi-
nantly found in tumors with adenocarcinoma histology [3].
Prior to these approvals, the U.S. Food and Drug Administration
(FDA) had not approved any drugs specifically for the treatment
of this rare subset of NSCLC. However, demonstration of a large
treatment effect on overall response rate (ORR) that is very

durable has led to approvals for targeted therapies specifically for
the treatment of EGFR T790M-mutant [4], ALK rearrangement-
positive [5], and ROS-1-mutant NSCLC [6].

Dabrafenib and trametinib target BRAF and MEK1/2,
respectively, two kinases within the serine/threonine kinase
family in the RAS/RAF/MEK/ERK pathway. The clinical benefit
and safety of dabrafenib administered with trametinib was veri-
fied in two randomized, multicenter trials (the COMBI-d study
[NCT01584648] and the COMBI-v study [NCT01597908]), dem-
onstrating that concurrent administration of dabrafenib and
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trametinib improves progression-free survival (PFS) and overall
survival (OS) compared with a BRAF inhibitor alone (dabrafenib
or vemurafenib, respectively) for treatment of patients with
BRAF V600E or V600Kmutation-positive melanoma [7, 8].

On November 21, 2013, the FDA granted Breakthrough
Therapy designation for dabrafenib for the treatment of
patients with metastatic BRAF V600E mutation-positive NSCLC
who had received at least one prior line of platinum-containing
chemotherapy, based on a reported ORR of 45% (95% confi-
dence interval [CI] 23%–68%) in 20 patients, of whom 6 of the
9 responding patients had response durations of more than 6
months. On July 15, 2015, the FDA granted Breakthrough Ther-
apy designation for dabrafenib and trametinib, administered
concurrently for the treatment of patients with advanced or
metastatic BRAF V600E mutation-positive NSCLC who have
received at least one prior line of platinum-containing chemo-
therapy, based on a reported ORR of 68% (95% CI 45%–86%) in
22 patients. On October 29, 2015, the FDA designated dabrafe-
nib and trametinib as Orphan Drugs for the treatment of
patients with BRAF V600E mutation-positive NSCLC.

Herein, we summarize the FDA review of the efficacy sup-
plement supporting approval of dabrafenib and trametinib
administered concurrently for BRAF V600E mutant NSCLC.

CLINICALTRIAL DESIGN

The FDA primarily relied on data from the study BRF113928
(NCT01336634), an international, multicohort, nonrandomized,
open-label, activity-estimating, parallel cohort trial [9]. Key eligi-
bility criteria were a histologically or cytologically confirmed
diagnosis of NSCLC, American Joint Committee on Cancer stage
IV disease, the presence of BRAF V600E mutation confirmed in
a Clinical Laboratory Improvement Amendments (CLIA) certi-
fied local laboratory, Eastern Cooperative Oncology Group per-
formance status 0–2, and measurable disease according to
Response Evaluation Criteria in Solid Tumors (RECIST) version
1.1. Following enrollment, patients’ tumors were centrally con-
firmed for BRAF V600E mutation status using the next-
generation sequencing (NGS) assay Oncomine Dx Target Test
(Thermo Fisher Scientific,Waltham, MA).

The three study arms were:

� Cohort A, which enrolled patients with previously treated
BRAF V600E-mutant metastatic NSCLC. All patients received
dabrafenib 150 mg orally twice daily.
� Cohort B, which enrolled patients with previously treated

BRAF V600E-mutant metastatic NSCLC. All patients received
dabrafenib 150 mg orally twice daily and trametinib 2 mg
orally once daily.
� Cohort C, which enrolled patients with previously untreated

BRAF V600E-mutant metastatic NSCLC. All patients received
dabrafenib 150 mg orally twice daily and trametinib 2 mg
orally once daily.

The primary efficacy outcome measure was estimation of
the ORR in patients enrolled in Cohort B (n 5 57) or C (n 5 36).
Results of Cohort A were evaluated to assess efficacy with dab-
rafenib alone and for indirect comparison to assess the contri-
bution of trametinib in Cohorts B and C. For regulatory
purposes, the primary efficacy endpoint was ORR as assessed
by an independent review committee (IRC) according to RECIST

version 1.1. Duration of response was a key secondary end-
point. Additional secondary efficacy endpoints were PFS, OS,
and safety. All endpoints were characterized using descriptive
statistics.

Analysis Plan
Formal comparisons between the cohorts were not planned.The
sample size for each cohort was based on the following:

� Cohort A: A total of 60 patients were needed to exclude an
ORR of 10% based on the lower bound of the 95% confi-
dence interval, assuming an observed ORR of 30%.
� Cohort B: A total of 40 patients were needed to exclude an

ORR of 30% based on the lower bound of the 95% confi-
dence interval, assuming an observed ORR of 55%.
� Cohort C: A total of 25 patients were needed to exclude an

ORR of 30% based on the lower bound of the 95% confi-
dence interval, assuming an observed ORR of 60%.

RESULTS

A total of 171 patients were enrolled in 11 countries and in 70
sites in the U.S, representing an overenrollment of 46 patients
spread equally across all three cohorts. Seventy-eight patients
(46%) were enrolled in Cohort A, 57 patients (33%) were
enrolled in Cohort B, and 36 patients (21%) were enrolled in
Cohort C. Key demographics and disease characteristics are
summarized in Table 1.

Efficacy
Efficacy was assessed in the first 171 patients enrolled, with a
minimum follow-up of 6 months from study entry. Efficacy
results are shown in Table 2. In all cohorts, the targeted level of
efficacy was achieved, with exclusion of an ORR of �10% in
Cohort A and an ORR of�30% in Cohorts B and C based on the
IRC-assessed ORR. Although evidence of antitumor activity was
observed with dabrafenib alone, the addition of trametinib
appeared to result in a twofold higher ORR when comparing
Cohorts A and B. In contrast, antitumor activity was similar in
patients with previously untreated and with previously treated
BRAF-mutant NSCLC. Results based on investigator assessment
were similar to those based on IRC assessment.

Given their relative rarity, there is little information about
whether BRAF V600 mutations are prognostic for better sur-
vival or response to chemotherapy. To assess for prognostic
effects and put the data observed in the context of the natural
history of BRAF-mutant NSCLC, Novartis provided the results of
two registries. The Intergroupe Francophone de Canc�erologie
Thoracique (IFCT) registry (NCT01700582) was a prospective
observational study that provided natural history and ORR out-
comes data following treatment with available standard-of-care
therapies in patients with NSCLC with and without BRAF V600E
mutations [10]. Approximately 17,640 patients were screened;
of these, 10,322 had results of BRAF V600 status and 189
patients were identified as having BRAF V600E mutation. In
patients with BRAF V600E-mutant NSCLC, the ORR was 30%
(95% CI 12.6%–38.6%) following platinum-based chemother-
apy compared with 30% (95% CI 29%–31%) in those with BRAF

wild-type NSCLC. In addition, data obtained in a retrospective
review of U.S. electronic health medical records (EHR) from
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Dana-Farber and Stanford Medical Centers demonstrated an
ORR of 38% (95% CI 18%–62%) following platinum-based
chemotherapy in 21 patients with NSCLC harboring BRAF V600
mutation.

To assess the predictive value of the Oncomine Dx Target
Test for the selection of patients with BRAF V600-mutant
NSCLC, a prospective plan for retrospective assessment of
BRAF V600E mutation status in tumor samples from patients

Table 1. Patient demographics

Demographics Cohort B (n 5 57) Cohort C (n 5 36) Cohort A (n 5 78)

Median age, years 64 68 66

Age range, years 41–88 44–91 28–85

Age group, %

<65 73 42 49

�65 32 36 51

Sex, %

Female 49 61 50

Male 51 39 50

Race, %

White 86 83 76

Asian 7 9 22

Other 4 5 2

Tobacco use, %

Never smoked 28 28 37

Current smoker 11 14 4

Former smoker 61 58 59

Baseline ECOG score, %

0 30 36 21

1 61 61 64

2 9 2 15

Number of prior adjuvant regimens, %

0 97 75 89

1 3 25 11

Lines of prior therapy for metastatic disease, %

0 0 100 0

1 67 0 51

2 21 0 18

�3 12 0 31

Histology at diagnosis: adenocarcinoma, % 93 89 96

Centrally confirmed BRAF V600E mutation, % 22 23 27

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

Table 2. Efficacy results based on IRC and investigator assessment in study BRF113928

Efficacy results

Cohort B (previously
treated; n 5 57)

Cohort C (treatment
na€ıve; n 5 36)

Cohort A (previously
treated; n 5 78)

Investigator-
assessed IRC-assessed

Investigator-
assessed IRC-assessed IRC-assessed

ORR, % (95% CI) 67 (53–79) 63 (49–76) 61 (44–77) 61 (44–77) 27 (18–38)

CR, n (%) 3 (5) 2 (4) 2 (6) 1 (3) 1 (1)

PR, n (%) 35 (61) 36 (63) 20 (56) 21 (58) 20 (26)

Median DoR,a

months (95% CI)
9.8 (6.9–16.0) 12.6 (4.2–NE) NE (8.3–NE) NE (6.9–NE) 9.9 (4.2–NE)

% responders with
DoR �6 months

64 59 52

aKaplan-Meier estimate.
Abbreviations: CI, confidence interval; CR, complete response; DoR, duration of response; IRC, independent review committee; NE, not estimable;
ORR, overall response rate; PR, partial response.
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enrolled in BRF113928 was performed at a central, CLIA-
certified laboratory. Approximately 72 patients had centrally
confirmed BRAF V600E mutation. The ORR was similar in this
convenience sample to that in the individual cohorts.

Safety
The safety profile of dabrafenib and trametinib concomitantly
administered was similar to that previously observed in over
500 patients with metastatic melanoma. Among the 93 patients
who received at least one dose of dabrafenib or trametinib, 53
(57%) were exposed to dabrafenib and trametinib for >6
months and 27 (29%) were exposed for �1 year. Common
adverse reactions occurring in patients receiving dabrafenib and
trametinib are listed in Table 3. Adverse reactions resulting in
permanent discontinuation occurred in 18% of patients; the
most frequent adverse reactions leading to discontinuation
were pyrexia, decreased ejection fraction, and respiratory dis-
tress (2.2% each). Adverse reactions leading to dose reductions
occurred in 35% of patients treated with dabrafenib in combina-
tion with trametinib. The most frequent adverse reactions lead-
ing to dose reductions were pyrexia (12%) and diarrhea,
nausea, and vomiting (4.3% each). Adverse reactions leading to
dose interruptions of dabrafenib in combination with trametinib

occurred in 62% of patients, and the most common were pyr-
exia (27%), vomiting (11%), neutropenia (8%), and chills (6%).

Treatment-emergent laboratory abnormalities occurring in
patients receiving dabrafenib and trametinib are listed in
Table 4. With a few exceptions, the incidence of treatment-
emergent laboratory abnormalities observed was similar to that
observed in patients with melanoma, with the exception of a
higher overall incidence of hyponatremia in study BRF113928
(57% vs. 25%) and of grade 3–4 hyponatremia (17% vs. 8%).

DISCUSSION

Study BRF113928 demonstrated that dabrafenib is an active
single agent for the treatment of BRAF V600E-positive NSCLC in
the second-line setting; however, the observed ORR of 27%
(95% CI 18%–38%) does not represent a meaningful advantage
over available therapy based on the lower bound of the confi-
dence interval of 18%, which overlaps with the reported ORR
with docetaxel (alone or with ramucirumab), pemetrexed, or
pembrolizumab, which are approved drugs for the second-line
treatment of NSCLC.

In contrast, concomitant administration of trametinib and
dabrafenib produced a large treatment effect on ORR (63%;
95% CI 49%–76%), in which 64% of patients had responses
durable for 6 months or longer. This represents a meaningful
advantage over FDA-approved second line treatments. Simi-
larly, the ORR 61% (95% CI 44%–77%) and durability of
responses (59% durable for �6 months) with dabrafenib and
trametinib in chemotherapy-na€ıve patients also represent a
meaningful advantage over those observed with platinum-
doublet chemotherapy.

Table 3. Adverse reactions occurring in �20% (all grades)
of patients

Adverse reactionsa

Dabrafenib and trametinib (n 5 93)

All grades, % Grades 3 and 4,b %

General

Pyrexia 55 5

Fatigueb 51 5

Edemac 28 0

Chills 23 1.1

Gastrointestinal

Nausea 45 0

Vomiting 33 3.2

Diarrhea 32 2.2

Decreased appetite 29 0

Respiratory system

Cough 22 0

Dyspnea 20 5

Skin

Dry skin 31 1.1

Rashd 28 3.2

Vascular

Hemorrhagee 23 3.2
aNational Cancer Institute Common Terminology Criteria for Adverse
Events, version 4.0.
bIncludes preferred terms of fatigue, malaise, and asthenia.
cIncludes preferred terms of peripheral edema, edema, and generalized
edema.
dIncludes preferred terms of rash, rash generalized, rash papular, rash
macular, rash maculo-papular, and rash pustular.
eIncludes preferred terms of hemoptysis, hematoma, epistaxis, purpura,
hematuria, subarachnoid hemorrhage, gastric hemorrhage, urinary blad-
der hemorrhage, contusion, hematochezia, injection site hemorrhage,
pulmonary hemorrhage, and retroperitoneal hemorrhage.

Table 4. Treatment-emergent laboratory abnormalities
occurring in �20% (all grades) of patients receiving dabra-
fenib and trametinib

Test

Dabrafenib plus
trametinib (n 5 93)

All
grades, %

Grades
3 and 4, %

Hematologya

Leukopenia 48 8

Anemia 46 10

Neutropenia 44 8

Lymphopenia 42 14

Liver function testsb

Increased blood alkaline
phosphatase

64 0

Increased AST 61 4.4

Increased ALT 32 6

Chemistryb

Hyperglycemia 71 9

Hyponatremia 57 17

Hypophosphatemia 36 7

Increased creatinine 21 1.1
aFor these laboratory tests, the denominator is 91.
bFor these laboratory tests, the denominator is 90.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase.
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These results were considered in the context of the natural
history of BRAF V600-mutant NSCLC, using data obtained in the
IFCT and the U.S. EHR registries. There were limitations in the
registry data in that clinicians’ documentation of response was
not standardized, and there was a substantial proportion of
missing data with regard to BRAF V600 status. However, given
the very large number of subjects included in the IFCT registry,
the analyses included sufficient information to characterize the
responses to first-line chemotherapy in the subset of patients
with NSCLC harboring BRAF V600E mutation and allow the FDA
to conclude that BRAF V600 mutation is not predictive for
more favorable responses to standard treatment.

The adverse reactions of dabrafenib and trametinib, admin-
istered concurrently, have been well characterized in studies of
melanoma patients, and no new adverse reactions were identi-
fied during this review. Serious risks of dabrafenib and trameti-
nib, administered concurrently, include development of new
cutaneous and noncutaneous malignancies, hemorrhage, inter-
stitial lung disease, cardiomyopathy, and serious febrile reac-
tions. Common adverse reactions (occurring in �20%) were
pyrexia, fatigue, nausea, vomiting, diarrhea, dry skin, decreased
appetite, edema, rash, chills, hemorrhage, cough, and dyspnea.
The most common grade 3–4 adverse reactions (�20%) were
pyrexia, fatigue, dyspnea, vomiting, rash, hemorrhage, and
diarrhea. The higher incidence of hyponatremia observed in
patients with NSCLC, compared with those with melanoma,

may reflect the underlying disease or use of prior platinum-
based chemotherapy. The FDA concluded that the serious risks
of dabrafenib and trametinib, administered concomitantly,
were acceptable to patients in light of the large magnitude and
durability of overall response rates that were achieved and the
incurable nature of the disease, as reflected by 5-year survival
rates of less than 20%.

Based upon the magnitude of the ORR in both first- and
second-line treatment, together with the prolonged durability of
those responses, the FDA determined that the observed treat-
ment effects provided substantial evidence of effectiveness. In
making this determination, the FDA noted that a durable overall
response rate may be evidence of direct clinical benefit for
patients with uncommon, serious, and life-threatening cancers,
such as unresectable or metastatic basal cell cancers or ROS-1

positive NSCLC, for which there are unsatisfactory alternatives.
This approach also is supported by an FDA meta-analysis dem-
onstrating that in metastatic NSCLC, a drug with a large magni-
tude of effect on ORR is likely to result in a large improvement in
PFS [11]. Given the magnitude of the ORR observed and the rar-
ity of this subset of NSCLC, the FDA determined that it would
not be feasible to conduct randomized trials against a chemo-
therapy control to determine the treatment effect on a time-
to-event endpoint such as PFS or OS.

Based on this favorable benefit-risk assessment, the FDA
granted regular approval to dabrafenib and trametinib,

Table 5. FDA benefit-risk analysis

Parameter Summary

Disease The estimated 5-year survival rate for patients with metastatic NSCLC is 1% [12]. Patients with
advanced NSCLC with BRAF mutations and wild-type tumors appear to have similar response rates
when treated with platinum-based combination chemotherapy. Treatment with standard first-line
systemic treatment for metastatic NSCLC results in modest improvements in overall survival of 10 to
12 months and response rates of 30% [13–15].

Unmet medical need BRAF V600E-positive metastatic NSCLC is a life-threatening disease. Based on data from tumor
registry conducted by IFCT, patients with NSCLC harboring BRAF V600E mutations appear to have
similar responses to treatment with standard first-line platinum-based chemotherapy as patients with
BRAF wild-type NSCLC. There are no other drugs that are approved specifically for the treatment of
patients with metastatic BRAF V600E mutation-positive NSCLC.

Clinical benefit Treatment with dabrafenib and trametinib, administered concurrently, resulted in a large magnitude
of the ORR (63%) coupled with prolonged durability of response (64% lasting �6 months), which
represents a clinically meaningful advantage over available therapy. Such treatment effects are likely
to predict large improvements in progression-free survival in metastatic NSCLC and are
considered direct evidence of benefit.

Risk Overall, the safety of dabrafenib and trametinib, administered concurrently, appears to be acceptable
given the benefits observed. Serious risks of dabrafenib and trametinib administered concurrently
include development of new cutaneous and noncutaneous malignancies, hemorrhage interstitial lung
disease, cardiomyopathy, and serious febrile reactions. Such serious risks are mitigated through
information described in product labeling in the Dosage and Administration and the Warnings and
Precautions sections. Common adverse reactions (occurring in �20% of patients) were pyrexia,
fatigue, nausea, vomiting, diarrhea, dry skin, decreased appetite, edema, rash, chills, hemorrhage,
cough, and dyspnea. Common or serious adverse reactions that resulted in dose modification
(interruption, dose reduction, or discontinuation of one or both drugs) were pyrexia, decreased
ejection fraction, respiratory distress, diarrhea, nausea, vomiting, neutropenia, and chills.

Uncertainties Longer duration of follow-up will be performed to better characterize the duration of response, as
median durations of response in the cohorts are either not estimable or unstable. Additionally, overall
survival will be assessed to inform future trials being conducted in this rare subset of NSCLC.

Conclusions Dabrafenib and trametinib, administered concurrently, demonstrated a favorable risk-benefit
assessment in this serious, life-threatening subset of BRAF-mutated metastatic NSCLC. The magnitude
and durability of ORR not only demonstrated a meaningful improvement over available therapy but
were of sufficient magnitude to be considered direct evidence of clinical benefit. Thus, the results of
study BRF113928 met the criteria for regular approval for the treatment of patients with metastatic
non-small cell lung cancer harboring BRAF V600E, as detected by the Oncomine Dx Target Test.

Abbreviations: IFCT, Intergroupe Francophone de Canc�erologie Thoracique; NSCLC, non-small cell lung cancer; ORR, overall response rate.
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administered concurrently, on June 22, 2017, for the treatment
of patients with metastatic NSCLC harboring BRAF V600E muta-
tion. Table 5 summarizes the FDA benefit-risk analysis. Novartis
agreed to a postmarketing commitment to obtain longer
follow-up on all patients enrolled to better characterize the
durability of response, because the Kaplan-Meier estimated
medians for duration of response were either unstable or not
estimable, and to obtain a preliminary estimate of OS in this
population. These OS data may be used to inform the design of
future trials in this patient population.

The FDA concurrently approved the first NGS oncology
panel test, Oncomine Dx Target Test, for the detection of BRAF

V600E, EGFR mutations, and ROS1 fusions for the selection of
patients with NSCLC eligible for treatment with targeted thera-
pies. This panel will facilitate patient management by allowing
identification of these molecular abnormalities in a single
NSCLC tissue specimen.

CONCLUSION
The concomitant administration of dabrafenib and trametinib
resulted in a durable ORR of a large magnitude, which provided
substantial evidence of the effectiveness in a rare subgroup of
genetically defined patients with metastatic NSCLC, that is,
those harboring BRAF V600E mutation. These results, along

with the observed safety profile, provided a favorable overall
benefit-risk assessment for dabrafenib and trametinib for the
treatment of patients with BRAF V600E-mutant NSCLC.
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