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PURPOSE To study whether BRAF V600 mutations in non-small-cell lung cancer (NSCLC) may indicate
sensitivity to the BRAF inhibitor vemurafenib, we included a cohort of patients with NSCLC in the vemurafenib
basket (VE-BASKET) study. On the basis of observed early clinical activity, we expanded the cohort of patients
with NSCLC. We present results from this cohort.

METHODS This open-label, histology-independent, phase Il study included six prespecified cohorts, including
patients with NSCLC, and a seventh all-comers cohort. Patients received vemurafenib (960 mg two times per
day) until disease progression or unacceptable toxicity. The primary end point of the final analysis was objective
response rate (Response Evaluation Criteria in Solid Tumors, version 1.1). Secondary end points included
progression-free survival, overall survival, and safety. Because the prespecified clinical benefit endpoint was met
in the initial NSCLC cohort, the cohort was expanded.

RESULTS Sixty-two patients with BRAF V600-mutant NSCLC were enrolled and treated: 13% (n = 8) had
received no prior systemic therapy, and 87% (n = 54) had received prior therapies. The objective response rate
was 37.1% (95% Cl, 25.2% t0 50.3%) overall, 37.5% (95% Cl, 8.5% to 75.5%) in previously untreated patients,
and 37.0% (24.3% to 51.3%) in previously treated patients. Median progression-free survival was 6.5 months
(95% ClI, 5.2 t0 9.0 months), and median overall survival was 15.4 months (95% Cl, 9.6 to 22.8 months). The
most common all-grade adverse event was nausea (40%). The safety profile of vemurafenib was similar to that
observed in melanoma studies.

CONCLUSION Vemurafenib showed promising activity in patients with NSCLC harboring BRAF V600 mutations.
The safety profile of vemurafenib was similar to previous observations in patients with melanoma. Our results
suggest a role for single-agent BRAF inhibition in patients with NSCLC and BRAF V600 mutations.

JCO Precis Oncol. © 2019 by American Society of Clinical Oncology
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INTRODUCTION

Identification of oncogenic activation of tyrosine ki-
nases in patients with non-small-cell lung cancer
(NSCLC), such as mutations in the epidermal
growth factor receptor (EGFR) gene and rearrange-
ments of the anaplastic lymphoma kinase (ALK)
or ROSI genes, has enabled the development of
targeted treatments for patients with NSCLC.1® This
has resulted in the recognition of histologically
and genetically diverse NSCLC subtypes and led to
a targeted therapy approach for selected patients.?
Despite these developments, a considerable pro-
portion of patients fail to benefit from currently avail-
able treatment regimens and need new treatment
approaches.

BRAF V600 mutations occur in an estimated 1% to
4% of patients with NSCLC.5® Among patients with
BRAF-mutated NSCLC, the most common aberration
is the BRAF V600E mutation, which occurs in 50% of
patients.” In the melanoma setting, where BRAF V600
mutations are common, targeted treatment of pa-
tients with BRAF V600 mutation-positive metastatic
melanoma using the BRAF kinase inhibitors dabra-
fenib and vemurafenib was associated with high re-
sponse rates and improved survival compared with
chemotherapy.81° Furthermore, superior outcomes
were observed with dual inhibition of BRAF and
MEK.1112 Recently, BRAF inhibition was also shown
to be effective in patients with BRAF V600-mutated
NSCLC in a retrospective cohort study'® and in a
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CONTEXT

Key Objective

To establish the efficacy and safety of vemurafenib in patients with BRAF V600 mutation-positive NSCLC who were enrolled in
the histology-independent vemurafenib basket (VE-BASKET) trial.

Knowledge Generated

Vemurafenib has prolonged efficacy in patients with BRAFV600-mutant NSCLC (n = 62), as demonstrated by a 37% overall
response rate. Response rates were similar in previously treated and untreated patients. Median progression-free survival
was 6.5 months, and the median overall survival was 15.4 months; median overall survival was not reached in previously
untreated patients. Clinical benefit rates for previously treated and untreated patients were 46% and 63%, respectively. No
new safety signals were observed in this expanded cohort of patients with NSCLC.

Relevance

Single-agent vemurafenib has clinically meaningful and durable activity in patients with NSCLC harboring BRAF V600
mutations. This analysis adds to the overall findings of the VE-BASKET trial, which demonstrated clinically relevant activity
of vemurafenib in a number of solid tumors.

clinical study of patients with BRAF VE600OE-mutated
NSCLC.** Dual BRAF/MEK inhibition has also been in-
vestigated as first- and second-line treatment of patients
with NSCLC.151¢

We present the results from the expanded NSCLC cohort of
the vemurafenib basket (VE-BASKET) trial. This trial
assessed the efficacy of vemurafenib in seven cohorts of
patients with BRAF V600-mutated malignancies.!”

METHODS
Study Design

The VE-BASKET study was a multicenter, single-arm,
phase Il study of vemurafenib in patients with a variety of
nonmelanoma cancers harboring BRAF V600 mutations.
BRAF V600 mutations were identified by means of mu-
tational analysis assays routinely performed at each par-
ticipating site. The clinical trial did not require central
confirmation for this cohort. Six prespecified cohorts were
recruited, consisting of patients with NSCLC, ovarian cancer,
colorectal cancer, cholangiocarcinoma, breast cancer, and
multiple myeloma; all patients with solid tumors other than
those mentioned were included in a seventh cohort. Patients
were treated with vemurafenib (960 mg orally two times per
day) as a single agent. The design of this study has been
described in detail elsewhere.!”

This trial was performed in accordance with the provisions
of the Declaration of Helsinki and Good Clinical Practice
guidelines. The protocol was approved by institutional re-
view boards or human research ethics committees at the
participating centers. All patients provided written informed
consent.

Patients

Patients were eligible for inclusion in the study if they were
16 years of age or older and had histologically confirmed,
measurable (Response Evaluation Criteria in Solid Tumors
[RECISTI, version 1.1), BRAF V600 mutation-positive
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cancers that were refractory to standard therapy or for
which standard or curative therapy did not exist or was not
considered appropriate by the investigator. Patients with
solid tumors were required to have adequate hematologic,
renal, and liver function. Patients with active or untreated
CNS metastases were excluded. Prior treatment with
a BRAF or MEK inhibitor was not allowed.

Assessments

Response was assessed by the investigators according to
RECIST (version 1.1). Assessments were performed using
computed tomography or magnetic resonance imaging of
the chest, abdomen, and pelvis at baseline and then every
8 weeks until disease progression, death, or withdrawal
from the study. Adverse events (AEs) were graded by the
investigators using National Cancer Institute Common
Terminology Criteria for Adverse Events (version 4.0) until
28 days after discontinuation of study treatment. AEs of
special interest were cutaneous squamous cell carcinoma
(SCC; keratoacanthoma, squamous cell carcinoma of the
skin, and Bowen disease), fatigue (fatigue and asthenia),
liver injury (increased ALT, AST, blood alkaline phospha-
tase, blood bilirubin, and gamma-glutamyltransferase;
hyperbilirubinemia, hepatocellular injury, and cholestatic
jaundice), and prolonged QT interval. Patients were
assessed for AEs at each clinic visit and as necessary
throughout the study.

Outcomes

The primary objective of the study was to evaluate the
efficacy of vemurafenib in patients with BRAF V600
mutation-positive cancers. The primary end point for the
final analysis in the NSCLC cohort was objective response
rate (ORR), defined as the proportion of patients with an
objective response (complete response [CR] or partial re-
sponse [PR]) confirmed on two consecutive occasions 4 or
more weeks apart. Efficacy was evaluated by the site in-
vestigators according to RECIST (version 1.1). Secondary
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objectives included assessments of clinical benefit rate
(defined as the overall proportion of patients with a CR, PR,
or stable disease lasting > 6 months), duration of response,
progression-free survival (PFS), overall survival (OS), and
safety. Efficacy data were analyzed separately for patients
who had received no prior therapy and for those with prior
therapies.

Statistical Analysis

This was a modified, two-stage Simon design study. Stage |
was complete when seven patients with measurable dis-
ease were enrolled and had completed a minimum of
8 weeks of treatment, developed progressive disease,
prematurely withdrew, or died. An additional six or 12
patients could be enrolled, to 13 or 19 patients, depending
on the results for stage |; if two, three, or four of the initial
seven patients responded to treatment, an additional 12
patients could be enrolled in stage Il; if five or more of the
initial seven patients responded to treatment, an additional
six patients were recruited. Recruitment into any cohort/
indication could be further expanded up to 70 patients if
a response rate was demonstrated in stage Il of that cohort,
according to the stopping rules defined in the protocol or
a clear clinical benefit for patients was observed, as

TABLE 1. Baseline Characteristics
Characteristic

All Patients (N = 62)

determined by the steering committee. For the NSCLC
cohort, with 50 treated patients, the study would have
approximately 90% power for the lower bound of the two-
sided 95% Cl to exclude 20%, given a true ORR of 40%.
The lower bound of the 95% CI was set at 20% because
established therapy in the second and later lines had an
ORR of less than 20% when the study was designed. PFS,
0S, and duration of response were calculated using
Kaplan-Meier methods. All analyses were performed using
SAS (versions 9.2 and 9.4; SAS Institute, Cary, NC).

RESULTS
Patients and Treatment

A total of 62 patients with BRAF V600-mutated NSCLC (61
with the V60OE mutation and one with an unspecified V600
mutation) were enrolled, eight (13%) of whom were pre-
viously untreated (Table 1). Most patients had adenocar-
cinoma (n = 58; 94%), three patients (4.8%) had CNS
metastases, and most were former smokers (n = 36; 58%).
Among previously treated patients, the median number of
prior systemic regimens was two (interquartile range [IQR],
1 to 2); the most common prior chemotherapies were
platinum agents (39 of 54 patients; 72%), pemetrexed (33
of 54 patients; 61%), and taxanes (22 of 54 patients; 41%).

Previously Untreated (n = 8) Previously Treated (n = 54)

Median age (IQR), years 65 (59-74) 73 (65-79) 64 (57-72)
Age group, years

18-64 30 (48) 2 (25) 28 (52)

65-84 30 (48) 5 (63) 25 (46)

> 85 23) 1(13) 1@
Sex, No. (%)

Male 35 (56) 5 (63) 30 (56)

Female 27 (44) 3(38) 24 (44)
Smoking history, No. (%)

Current smoker 1(2) 0 12

Ex-smoker 36 (58) 3(38) 33 (61)

Never smoked 25 (40) 5 (63) 20 (37)
ECOG performance status, No. (%)*

0 16 (28) 3 (43) 13 (26)

1 31 (54) 4 (57) 27 (54)

2 10 (18) 0 10 (20)
No. of prior systemic therapies (%) NA

0 8(13) 0

1 23 (37) 23 (43)

2 21 (34) 21 (39)

>3 10 (16) 10 (19)
Median time since diagnosis (IQR), months 11.3 (4.4-23.8) 2.4 (1.7-3.9) 12.6 (7.9-26.9)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range; NA, not applicable.
*All patients, N = 57; previously untreated, n = 7; previously treated, n = 50.
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This analysis was performed after a median duration of
follow-up of 10.7 months (IQR, 4.3 to 17.1 months).
Reasons for vemurafenib discontinuation were progres-
sive disease (41 of 62 patients; 66%), AEs (six of 62 pa-
tients; 10%), death (four of 62 patients; 6%), withdrawal by
the patient (two of 62 patients; 3%), physician decision
(two of 62 patients; 3%), and other reasons in the case
of seven patients (11%), six (10%) of whom rolled over into
an extension study and one of whom withdrew from
the study.

Efficacy

Response to treatment is listed in Table 2 and shown in
Figure 1. Overall, the investigator-determined ORR was
37% (95% Cl, 25% to 50%), and the clinical benefit (CR
plus PR plus stable disease lasting > 6 months) rate was
48% (95% Cl, 36% to 61%). Clinical benefit rates for
previously treated and untreated patients were 46% (95%
Cl, 33% to 60%) and 63% (95% Cl, 24% to 91%),
respectively.

The median duration of response was 7.2 months (95% ClI,
5.5 to 18.4 months) in the overall population and
6.1 months (95% Cl, 5.5 to 18.4 months) in previously
treated patients. The median duration of response was not
estimable (NE) in previously untreated patients. Median
time to response was 7.3 months (95% Cl, 3.7 months to
NE) in the overall population and 7.3 months (95% Cl, 3.7
to 13.7 months) in previously treated patients; median time
to response was NE in previously untreated patients. The
three previously untreated patients who responded to
vemurafenib treatment had responses lasting 24.0, 7.2,
and 9.1 months. At the time of study closure, there was no
record of reported disease progression in six responders,
including four previously treated and two previously un-
treated patients.

The median OS was 15.4 months (95% Cl, 9.6 to 22.8
months) in the overall population, 15.4 months (95% Cl,

8.2 to 22.6 months) in previously treated patients, and NE
in previously untreated patients (Fig 2A). OS durations in
the five previously untreated patients with censored ob-
servationswere 26.1, 19.6, 14.6, 11.2, and 1.9 months; OS
durations were 6.0, 13.9, and 4.0 months for the three
patients who had died at the time of the analysis, all of
whom had a best overall response of stable disease.

Median PFS was 6.5 months (95% Cl, 5.2 to 9.0 months)
in the overall population and 6.1 months (95% ClI, 5.1 to
8.3 months) in previously treated patients (Fig 2B). The
median PFS was 12.9 months (95% ClI, 4.0 months to NE)
in previously untreated patients, four of whom were cen-
sored at the time of study closure (PFS: 26.0, 13.6, 1.9, and
12.7 months at study closure).

Safety

The median treatment duration for all patients was
6.0 months (IQR, 2.8 to 11.5 months); the median treat-
ment duration was 5.7 months (IQR, 2.8 to 11.2 months)
for previously treated patients and 12.0 months (IQR, 4.0 to
13.9 months) for previously untreated patients. The median
relative dose intensity achieved was 78% (IQR, 64% to
91%) overall.

All 62 patients experienced at least one any-cause AE;
grade 3 or 4 AEs occurred in 48 patients (77%), and two
patients had grade 5 AEs (3%; one patient with sepsis, one
with a pulmonary embolism and respiratory failure; both
patients had been previously treated, and none of the
events were considered to be related to vemurafenib).
Table 3 lists all-cause and grade 3 or greater AEs occurring
in 20% or more of patients.

AEs leading to treatment interruption occurred in 25 of 62
patients (40%). The most common of these were sepsis
(n =3; 5%), vomiting (n = 3; 5%), bronchitis (n = 2; 3%),
pneumonia (n = 2; 3%), nausea (n = 2; 3%), acute cor-
onary syndrome (n=2; 3%), and dyspnea (n =2; 3%). AEs
leading to dose reduction occurred in 38 of 62 patients

TABLE 2. Treatment Outcomes in Patients With Non-Small-Cell Lung Cancer

Outcome

All Patients (N = 62)

Previously Untreated (n = 8) Previously Treated (n = 54)

Investigator-assessed best response, No. (%)

CR 0 0 0

PR 23 (37) 3 (38) 20 (37)
SD 26 (42) 5 (63) 21 (39)
PD 8 (13) 0 8 (15)
Missing/not evaluable 5 (8) 0 5(9)

ORR, % (95% CI)

37.1(25.2 10 50.3)

37.5(8.510 75.5) 37.0 (24.3 to 51.3)

CBR, % (95% Cl)

48.4 (35.5 to 61.4)

62.5 (24.5 t0 91.5) 46.3 (32.6 to 60.4)

Median survival, months (95% CI)

0S 15.4 (9.6 t0 22.8)

NE (6.0 to NE) 15.4 (8.2 10 22.8)

PFS

6.5 (5.2 10 9.0)

12.9 (4.0 to NE) 6.1 (5.11t08.3)

Abbreviations: CBR, clinical benefit rate; CR, complete response; NE, not estimable; ORR, objective response rate; OS, overall survival; PD,
progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.

4 © 2019 by American Society of Clinical Oncology
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FIG 1. Tumor response to vemurafenib in patients with non-small-cell lung cancer (NSCLC). (A) Plot of time to progression, time to response, and death in
individual patients with NSCLC. Blue bars indicate previously treated patients; gray bars indicate previously untreated patients. (B) Waterfall plot of maximum
percent decrease from baseline in the sum of diameters of target tumors on the basis of investigator assessment: best overall response in individual patients.
(C) Pretherapy and post-therapy F-fluorodeoxyglucose positron emission tomography images of a chemotherapy-naive patient with BRAF V60OE mutation-
positive NSCLC. The patient continues to respond to date. SLD, sum of the longest diameters.

(61%). The most common of these events were arthralgia
(n =6; 10%), fatigue (n = 5; 8%), and decreased appetite
(n = 4; 6%). Six patients had AEs that resulted in treat-
ment discontinuation: chronic kidney disease (two of 62

patients; 3%); acute kidney injury (one of 62 patients; 2%);
renal failure (one of 62 patients; 2%); lower respiratory tract
infection (one of 62 patients; 2%), and oropharyngeal
candidiasis and nausea (one of 62 patients; 2%).

B
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FIG 2. (A) Overall survival and (B) progression-free survival in patients with non-small-cell lung cancer.
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TABLE 3. AEs Occurring in > 20% of Patients Overall (N = 62)

AE All Grades Grade > 3
Any AE 62 (100) 50 (81)
Nausea 25 (40) 3(5)
Hyperkeratosis 21 (34) 0
Decreased appetite 20 (32) 5(8)
Arthralgia 19 (31) 3 (5)
Diarrhea 18 (29) 0
Fatigue 18 (29) 3 (5)
Asthenia 17 (27) 3(5)
Rash 17 (27) 0
Vomiting 17 (27) 1(2)
Dyspnea 16 (26) 5 (8)
Alopecia 16 (26) 0

PPE syndrome 16 (26) 1(2)
Melanocytic nevus 15 (24) 0
Seborrheic keratosis 15 (24) 1(2)
Anemia 15 (24) 6 (10)
Pyrexia 14 (23) 1(2)
Skin papilloma 14 (23) 0
Keratosis pilaris 13 (21) 0
Photosensitivity reaction 13 (21) 0
Dysgeusia 13 (21) 0

NOTE. All data are No. (%).
Abbreviations: AE, adverse event; PPE, palmar-plantar
erythrodysesthesia.

AEs of special interest included arthralgia (19 of 62
patients; 31%), cutaneous SCC (including keratoacan-
thoma; 16 of 62 patients; 26%), fatigue (34 of 62 pa-
tients; 55%), prolonged QT interval (11 of 62 patients;
18%), and liver injury (increased ALT, AST, blood alkaline
phosphatase, bilirubin, and gamma-glutamyltransferase,
as well as the hepatobiliary disorders hyperbilirubinemia,
hepatocellular injury, and cholestatic jaundice; 16 of 62
patients; 26%). A total of 82 serious AEs occurred in 39
patients (63%), the most common of which were SCC of
the skin (nine patients; 15%) and keratoacanthoma (nine
patients; 15%), which was defined as a serious AE. Basal
cell carcinoma was observed in one patient (2%). In total,
25 patients (40%) had serious AEs considered by the
investigator to be caused by vemurafenib (keratoacan-
thoma, n =9; SCC of the skin, n =9; basal cell carcinoma,
n = 1; Bowen disease, n = 1; acute kidney injury, n = 4;
pericarditis, n = 1; stomatitis, n = 1; pyrexia, n = 1; hy-
persensitivity, n = 1; sepsis, n = 1; and dehydration, n =
1); serious AEs not considered to be related to vemur-
afenib included pneumonia (n = 2), bronchitis (n = 2),
dyspnea (n = 3), pericardial effusion (n = 1), sepsis (n = 3),
pulmonary embolism (n = 2), and lung infection (n = 2).

6 © 2019 by American Society of Clinical Oncology

DISCUSSION

Targetable oncogenic drivers in NSCLC with robust clinical
validation include EGFR mutations and ALK and ROSI
fusions, but identifying other targetable, clinically important
subgroups of NSCLC is a high priority. In this context, we
found that patients with BRAF V600OE-mutated NSCLC
treated with vemurafenib had an ORR of 37%, with similar
response rates in previously treated and untreated patients.
Median OS was 15 months in the overall patient population,
but had not been reached in the group of previously
untreated patients after 12 months of follow-up. Similarly,
our previously untreated patients had a median PFS of
12.9 months, which was considerably longer than the
6.5 months observed in patients who had received prior
therapies. This may be explained either by small patient
numbers or by increased acquisition of resistance mech-
anisms with prior therapy. This might suggest that targeted
treatment in earlier lines of patients with a driver mutation
could be more effective. The safety profile of vemurafenib in
our group of patients with NSCLC was similar to that seen in
patients with melanoma.®® No new safety signals were
observed in this population. There were three patients with
CNS metastases. Because response assessment in neuro-
oncology—based criteria were not collected for CNS me-
tastases, we do not have data on responses. This is one of
the limitations of the study.

Our results provide evidence for the value of targeting BRAF
with single-agent vemurafenib in patients with NSCLC.
Although cross-study comparisons are made with caution,
the OS we observed with single-agent vemurafenib (me-
dian, 15.4 months; 95% Cl, 9.6 to 22.8 months) seems
similar to that observed with the combination of dabrafenib
and trametinib (median, 18.2 months; 95% Cl, 14.3 months
to NE), which was approved in 2017 by the US Food and
Drug Administration and the European Medicines Agency for
the treatment of patients with BRAFV600E mutation-positive
NSCLC.'® With this approval, combination therapy consisting
of a BRAF inhibitor and an MEK inhibitor has now become
standard of care for patients with BRAF mutation-positive
NSCLC, as is the case for patients with BRAF mutation-
positive melanoma, adding to the range of targeted therapies
now available for selected patients with NSCLC. We suggest
that future studies should examine additional combinations
in patients with BRAF mutation-positive NSCLC.

In conclusion, the results of the present cohort analysis
suggest a role for BRAF inhibition in patients with NSCLC
with BRAF mutations. The prolonged OS (median, 15.4
months) in the NSCLC population represents promising
durability of effect with single-agent BRAF inhibition. The
apparent increase in median PFS in previously untreated
patients compared with previously treated patients war-
rants additional investigation of earlier treatment in this
patient population.
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