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Checkpoint inhibitors first in patients with metastatic non-small
cell lung cancer harboring BRAFV600E mutation with PD-L1 90%—a
debate in a niche population
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Lung cancer is the leading cause of cancer related death
worldwide (1). Non-small cell lung cancer (NSCLC)
accounts for 80% of all lung cancer cases and 55% of
NSCLC is metastatic at the time of diagnosis (2). Fortunately,
the advent of targeted therapy and immunotherapy has
introduced a new era in the treatment of metastatic NSCLC
(mNSCLC). In addition to epithelial growth factor receptor
(EGFR) and anaplastic lymphoma kinase (ALK), V600E
mutant BRAF protein has emerged as a target of therapy in
mNSCLC in combination with mitogen-activated protein
kinase (MEK) inhibitors. In June 2017, the combination of
dabrafenib and trametinib was approved for the treatment
of BRAFV600E-mutant mNSCLC (3). Similarly, great strides
have been made at the immunotherapy front with the
approval of immune checkpoint inhibitors (ICI) for the
treatment of mNSCLC. In October 2016 and September
2019, pembrolizumab was approved as monotherapy for
the first-line treatment of mNSCLC with programmed
death ligand-1 (PD-L1) expression of greater than 50%
and 1% respectively (4,5). Most recently, in May 2020,
atezolizumab received approval for the first-line treatment
of mNSCLC with high PD-L1 expression (6). Since BRAF/
MEK inhibitors and ICI both appear to be effective in the
first-line treatment of mNSCLC, debate has ensued on the
best treatment approach for patients with BRAFV600E-mutant
mNSCLC and high PD-L1 status.
Here, we review the available evidence for anti-BRAF
and ICI therapy in the assumed case of BRAFV600E-mutant
mNSCLC with PD-L1 status greater than 90%. We also
conclude that ICIs represent a preferred course of firstline treatment in this niche population given comparable
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efficacy between anti-BRAF and ICI therapy and lesser
adverse events with the latter.
BRAF inhibitors
BRAF is a serine/threonine kinase in the MAPK/ERK
pathway (7). BRAF dimerization, induced by RAS, leads
to the activation of MEK which subsequently activates
the downstream target ERK (7). ERK, once activated
on the cytoplasmic surface of the nuclear membrane, is
internalized into the nucleus and triggers cell proliferation
and differentiation (7). BRAFV600E mutations constitutively
lead to increased activation of the MEK/ERK pathway,
evasion of senescence and apoptosis and subsequent cell
proliferation, independent of KRAS signaling (7). BRAF
gene mutations are detected in 2% of all NSCLC, half of
which are V600E mutations which lead to glutamic acid
substitution for valine at the 600th amino acid of BRAF
protein (8). Patients with BRAFV600E mutation are typically
current or former smokers (9). This is unlike traditional
markers of targeted therapy such as EGFR or ALK
mutations which are common in nonsmokers or former
light smokers (9).
BRAF/MEK inhibitor combination therapy works by
inhibiting the upstream (BRAF) and downstream (MEK)
activating signals of ERK (8). Dabrafenib is a tyrosine
kinase inhibitor that inhibits the V600E mutant BRAF
protein while the addition of trametinib, a MEK inhibitor,
is shown to increase the efficacy of dabrafenib in pre-clinical
and clinical studies (8). The combination of dabrafenib and
trametinib has been used in the treatment of unresectable
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Table 1 Summary of key clinical trials
Atezo (IMPower110), Herbst et al. (6)

Dab plus tram,
Planchard
et al. (3)

Pembro
(KEYNOTE-024),
Reck et al. (4,11)

Pembro
(KEYNOTE-042), TPS
≥50%, Mok et al. (5)

Single

Double

Double

Double

Non random

Random

Random

Random

Phase 2

Phase 3

Phase 3

Phase 3

36

154

299

ORR

64%

46.1%

NA

Median PFS (month)

10.9

7.7

7.1

7.0

7.3

8.1

Median OS (month)

24.6

26.3

20.0

19.5

20.2

20.2

SP263 TC
≥50%

SP263 TPS
≥50%

SP142
TC3/IC3

Study design
Arms
Randomization
Phase
Enrolled participants
receiving treatment

150

134

107

Outcomes
NA

Cross trial comparison must be taken with caution. Dab, dabrafenib; Tram, trametinib; Pembro, pembrolizumab; Atezo, atezolizumab;
ORR, overall response rate; PFS, progression free survival; OS, overall survival.

and metastatic BRAF V600E-mutant melanoma (10). This
combination was approved for the first-line treatment
of mNSCLC based on the results of a phase 2 study of
patients with BRAF V600E -mutant mNSCLC previously
untreated for their metastatic disease (Table 1) (3). This
non randomized, open label, multicenter study enrolled
36 patients with BRAF V600E-mutant mNSCLC. Patients
received oral dabrafenib 150 mg two times daily and oral
trametinib 2 mg daily. Scans were followed every 6 weeks.
The primary endpoint was overall response rate (ORR) and
secondary endpoints were progression free survival (PFS),
duration of response (DOR) and overall survival (OS). At
a median follow up of 15.9 months, investigators reported
an ORR of 64% (complete response- 6%, partial response
58%), median PFS of 10.9 months, DOR of 10.4 months
and median OS of 24.6 months. Although this is not a headto-head study comparing outcomes of BRAF/MEK directed
therapy to standard of care, the efficacy exceeds what is
expected from standard chemotherapy.
Immune checkpoint inhibitors
Similar to the increased efficacy of BRAF/MEK inhibitors,
ICIs have shown promising results in the treatment of
mNSCLC. ICIs bind to PD-1 on T lymphocytes or PD-L1
on tumor cells (TC) (12). PD-L1 is expressed on normal
cells that, upon binding PD-1 on T-lymphocytes, inhibits
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their cytotoxic function (12). PD-L1 is overexpressed
on malignant cells allowing them to evade cytotoxic
T-lymphocytes (12). Pembrolizumab is a PD-1 inhibitor
while atezolizumab is a PD-L1 inhibitor, both inhibiting
the ability of malignant cells to evade cytotoxic
T-lymphocytes (12).
Pembrolizumab was approved for the first-line
treatment of mNSCLC with high PD-L1 expression
(≥50%) based on the results of KEYNOTE-024 study
(Table 1) (4). This randomized, open label study compared
single agent pembrolizumab with standard platinumbased chemotherapy for previously untreated mNSCLC
with PD-L1 expression ≥50%. Three hundred and
five patients were enrolled. One hundred and fiftyfour patients received pembrolizumab 200 mg every
3 weeks while 151 patients received platinum-based doublet
chemotherapy. Investigators demonstrated a median PFS
of 10.3 months and ORR of 44.8% in the pembrolizumab
arm compared to 6 months and 27.8% in the chemotherapy
arm (PFS HR 0.50, 95% CI, 0.37–0.68) (4). A long-term
follow-up demonstrated a median OS of 26.3 months and
13.4 months in the pembrolizumab and chemotherapy
arms respectively (HR 0.63, 95% CI, 0.47–0.86) (13).
Subsequently, in KEYNOTE-042, pembrolizumab was
compared to platinum-based chemotherapy in patients with
previously untreated, locally advanced or metastatic NSCLC
with PDL1 expression ≥1% (5). The primary endpoint of
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the study was PFS in the subgroup with PD-L1 ≥50% while
the secondary outcome was PFS and OS in PD-L1 ≥1%
and PD-L1 ≥50% subgroups. Analysis of the PD-L1 ≥50%
subgroup showed a PFS of 7.1 vs. 6.4 months and OS of 20.0
vs. 12.2 months in the pembrolizumab and chemotherapy
arms respectively (PFS HR 0.81, 95% CI, 0.67–0.99; OS HR
0.69, 95% CI, 0.56–0.85). This study confirmed the efficacy
of pembrolizumab compared to chemotherapy as first-line
treatment for mNSCLC with high PD-L1 expression. It
also allowed for an expanded approval of pembrolizumab
for treatment of locally advanced NSCLC with high PD-L1
expression and as single agent therapy for mNSCLC with
PD-L1 status ≥1%.
Most recently, atezolizumab gained approval for the firstline treatment of mNSCLC with high PD-L1 expression
tested via Ventana SP142 assay (6). PD-L1 high expression
is defined by Ventana SP142 assay as TC with PD-L1
expression ≥50% or PD-L1 stained immune infiltrating
cells (IC) covering more than 10% of tumor area (6).
This approval was based on the IMpower110 study of
atezolizumab compared to platinum-based chemotherapy
for the first-line treatment of mNSCLC (6). Subgroup
analysis was based on three different assays of PD-L1
testing. Difference in PFS and OS was significant favoring
atezolizumab in the subgroup with PD-L1 expression ≥50%
by 22C3 assay (PFS HR 0.61, 95% CI, 0.46–0.82; OS HR
0.6, 95% CI, 0.41–0.86). Difference in PFS and OS was also
significant in the SP142 assay subgroup with TC ≥50% or
IC ≥10% (PFS HR 0.59, 95% CI, 0.43–0.82; OS HR 0.59,
95% CI, 0.40–0.89). Subgroup with PDL1 ≥50% by SP263
assay showed a statistically significant difference in PFS
and a trend towards OS favoring atezolizumab (PFS HR
0.67, 95% CI, 0.51–0.89; OS HR 0.71, 95% CI, 0.5–1.0).
This study led to the approval of atezolizumab as first-line
therapy for mNSCLC in PD-L1 high subgroup and for the
approval of Ventana SP142 assay as a companion diagnostic
test for selection of mNSCLC with high PD-L1 expression.
Of note, patients with ALK and EGFR mutations were
excluded from KEYNOTE-024, KEYNOTE-042 and
Impower110 studies. While BRAF mutated patients were
not excluded, it is unclear how many patients in these trials
were BRAF mutated.
The efficacy of immune checkpoint inhibitors appears
related to the degree of PD-L1 expression on TC. A
retrospective study of 187 patients who received firstline pembrolizumab for EGFR-negative, ALK-negative,
PD-L1 ≥50% mNSCLC showed an ORR of 32.7%
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vs. 60% for PD-L1 50–89% vs. ≥90% (14). Similarly,
IMpower110 study showed a median OS of 19.5–20.2 vs.
12.9–16.5 months for PD-L1 high (≥50% by 22C3 assay,
PD-L1 ≥50% by SP263, TC3 or IC3-WT by SP142
assay) and PD-L1 low (1–49% by 22C3 assay, 1–49% by
SP263, TC1/2 or IC1/2-WT by SP142 assay) subgroups
respectively (6). Based on these results, a patient with high
PD-L1 expression would be expected to have a greater
benefit from ICIs when compared to patients with low
PD-L1 expression.
Comparing therapies
Though the efficacy of BRAF inhibitors and ICIs appears
comparable, their side effects differ drastically. Table 2
summarizes the most common side effects of dabrafenib/
trametinib and pembrolizumab (3,5,11). All patients
receiving dabrafenib/trametinib experienced some
adverse event (AE) while 63–75% of patients receiving
pembrolizumab experienced AEs (3,5,11). Furthermore,
grade 3–4 AEs occurred in 69% of patients treated with
dabrafenib/trametinib while they were only seen in
16–31% of patients receiving pembrolizumab (3,5,11).
However, it must be noted that 1.3–2% of patients
receiving pembrolizumab experienced an AE that lead
to death while no death occurred due to AEs in patients
receiving dabrafenib/trametinib (3,5,11). This observation
points to the rare yet potentially life threatening immune
related adverse events (IRAEs) that may occur with ICIs
(5,11). The most common AE experienced by patients
receiving dabrafenib/ trametinib was pyrexia (53%) which
only occurred in 0-11.7% of patients on pembrolizumab
(3,5,11). Most common AE with pembrolizumab was
diarrhea (16.2%, grade 3–4 3.9%) in the KEYNOTE-024
study and hypothyroidism (11%, grade 3–4 <1%) in the
KEYNOTE-042 study (5,11). Hypothyroidism, along with
pneumonitis, hepatitis, colitis, adrenal insufficiency and
hypophysitis are unique IRAEs caused by ICIs that have not
been observed in patients receiving dabrafenib/ trametinib
(3,5,11). Despite the unique AEs of pembrolizumab, it
appears that it is better tolerated than dabrafenib/trametinib
with lesser overall AEs. This greater tolerance is reflected
in KEYNOTE-024 study where, at the end of follow up
(median follow up 11.2 months), 48% of patients receiving
pembrolizumab remained on treatment while 13.6% had
discontinued treatment due to AEs (11). On the contrary,
31% of patients receiving dabrafenib/ trametinib remained
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Table 2 Summary of common adverse events
Adverse events (AE)
Any AE

Dabrafenib + Trametinib,
Planchard et al. (3)

Pembrolizumab (KEYNOTE-024),
Reck et al. (4,11)

Pembrolizumab (KEYNOTE-042),
Mok et al. (5)

100%

75%

63%

69%

31%

16%

Not reported

1.3%

2%

Grade 3–4 AE
Leading to death
AE Grade 3–4 >10%
Pyrexia

11%

0%

0%

Alanine aminotransferase
increase

11%

0%

1%

Hypertension

11%

0%

0%

Pyrexia

53%

11.7%

0%

Nausea

56%

9.7%

5%

Diarrhea

33%

16.2%

5%

Fatigue

36%

0%

8%

Peripheral edema

36%

0%

0%

Dry skin/pruritus

33%

11.7%

7%

Decreased appetite

33%

9.7%

6%

Any AE >30%

Cross trial comparison must be taken with caution.

on treatment at the end of follow up (median follow up
15.9 months) while 69% discontinued treatment due
to AEs. KEYNOTE-042 study notes a median follow
up of 12.8 months where 14% of patients receiving
pembrolizumab remained on treatment at the end of
follow up (5). However, treatment related AEs as a cause of
treatment discontinuation was not specified. No head-tohead study of pembrolizumab and dabrafenib/ trametinib
has been done in BRAFV600E-mutant NSCLC and efficacy
and safety data derived from independent studies of these
two treatments should be compared with caution.
Furthermore, some limitations of studies of dabrafenib/
trametinib and pembrolizumab should be noted. Firstly,
dabrafenib/trametinib has only been studied in phase
2 trials with a small number of patients (3). Therefore,
results related to survival must be interpreted with caution.
Pembrolizumab and atezolizumab, contrarily, have shown
PFS and OS benefit in randomized, phase 3 studies
(5,6,11). Therefore, survival benefit with these therapies in
mNSCLC with high PD-L1 expression appears unequivocal
when compared to standard chemotherapy. Secondly, it
is unclear how many patients in the pembrolizumab and
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atezolizumab studies carried a BRAFV600E-mutation (4-6).
Although we know that single agent ICIs typically have
lower efficacy in ALK and EGFR mutated NSCLC, this
may not be necessarily true for BRAF mutated NSCLC. For
example, a retrospective study of 58 patients showed that the
ORR with ICIs was 3.6% vs. 23.3% in patients who were
EGFR and/or ALK-positive vs. EGFR and ALK-negative
respectively with PD-L1 status ≥1% (15). However, median
PFS was similar in both groups with 2.07 vs. 2.58 months
respectively. Similarly, another retrospective study of 551
patients treated with ICIs showed an ORR of 0% and 12%
for ALK-positive and EGFR-positive patients (9). Median
PFS was similar to the prior study with 2.5 months and
2.1 and median OS of 17 months and 10 months for ALKpositive and EGFR-positive groups respectively (9). This
study showed a higher ORR in the BRAF mutated group
at 28% compared to ALK and EGFR mutated groups with
median PFS of 3.1 months and median OS of 13 months (9).
However, the PFS and OS were lower than what were
observed in phase 3 studies of pembrolizumab and
atezolizumab in treatment of patients unselected for BRAF
mutation and PD-L1 high status (PFS 5.4–5.8 months, OS
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16.7–17 months) (5,6,13).
Lastly, the safety of sequential use of ICI with BRAF/
MEK inhibitors must be taken into consideration. A
retrospective analysis of 41 EGFR-positive patients
sequentially treated with EGFR inhibitors and ICI
showed an increased risk of grade 3–4 pneumonitis (4/41)
in patient who received ICI prior to receiving EGFR
inhibitor while no IRAEs were observed in the group
receiving EGFR inhibitors first (16). Therefore, in EGFRpositive patients, the preferred course of treatment is to
use EGFR inhibitors as first-line treatment even if PDL1 expression is high. Furthermore, a phase 1/2 study of
nivolumab plus crizotinib demonstrated an increased risk
of grade 3–4 immune meditated hepatitis (5/13) in ALKpositive patients requiring the study to be terminated (17).
Therefore, the combination of ICIs with ALK inhibitors is
generally discouraged. In contrast to the observed increase
in IRAEs with ICI and EGFR and ALK inhibitors, the use
of BRAF/MEK inhibitors with ICI appears feasible. The
tolerability of vemurafenib and cobimetinib in combination
with atezolizumab was demonstrated in the IMspire150
study of unresectable or metastatic melanoma (18). The
study compared BRAF/MEK inhibitors in combination
with atezolizumab or placebo. The combination arm
showed better PFS (15.1 vs. 10.6 months, HR 0.78, 95%
CI, 0.63–0.97) without significant increase in IRAEs and led
to the FDA approval of atezolizumab in combination with
vemurafenib and cobimetinib in this population. Both groups
experienced grade 3–4 adverse events of 73–79% while the
combination group experienced a slightly increased risk of
elevated aminotransferase levels (8% vs. 4%). Though this
study was conducted in patients with melanoma, it signifies
the tolerability of combined and/or sequential use of BRAF/
MEK inhibitors with ICI. Furthermore, other smaller
retrospective studies have also demonstrated the safety
and efficacy of ICI in mNSCLC patients harboring BRAF
mutation (19,20). Therefore, in the case of very high PDL1 status mNSCLC, it may be reasonable to start treatment
with ICI and switch treatment to BRAF/MEK inhibitors at
progression of disease. Studies of trametinib in combination
with pembrolizumab are ongoing (NCT03299088 and
NCT03225664) in patients with KRAS mutated NSCLC in
metastatic and recurrent disease.
Conclusions
BRAF/MEK inhibitors and ICIs have high efficacy in
BRAFV600E-mutant mNSCLC with positive PD-L1 status
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(≥1%). However, the first-line use of ICIs may be preferred
in BRAF V600E-mutant mNSCLC with very high PD-L1
status (≥90%) for several reasons. ICIs appear to have less
frequent toxicities than BRAF/MEK inhibitors requiring
infrequent discontinuation of treatment due to side effects.
Secondly, though BRAF/MEK inhibitors have shown
promising PFS benefit, these were single arm open labeled
phase 2 studies. On the contrary, the OS benefit with ICIs
is clear in randomized phase 3 trials comparing them to
standard of care chemotherapy. Additionally, this survival
benefit, appears to be more pronounced with higher PD-L1
status making ICIs an attractive choice in patients with PDL1 very high status. Lastly, sequential or combined use of
ICIs with BRAF/MEK inhibitors appears well tolerated.
Therefore, a BRAFV600E-mutant mNSCLC patient with very
high PD-L1 status may reasonably be treated with firstline ICIs while keeping BRAF/MEK inhibitors as a viable
option for second-line treatment.
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