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Introduction

Patients with stage IV squamous non-small cell lung cancer
(NSCLC) were historically treated with first-line platinum-
based therapy. Median overall survival (OS) with these
regimens was 10-12 months and 5-year OS was estimated
at 2% (1,2). Standard of care for patients with squamous
NSCLC who developed progressive disease on platinum-
based doublets was either (I) docetaxel with or without
ramucirumab or (II) gemcitabine (3,4). Subsequently,
four randomized phase III trials demonstrated significant
improvements in survival when compared to docetaxel for
patients receiving monotherapy with a programmed death-1
(PD-1) axis inhibitor (5-8). As a result, PD-1 axis inhibitors
became the preferred second-line therapy after development
of progressive disease on a platinum-based doublet.
Immune checkpoint inhibitors were then evaluated
as initial treatment in combination with platinum-based
chemotherapy. The PD-1 inhibitor pembrolizumab added
to first-line platinum-based chemotherapy demonstrated
superior objective response rate (ORR), progression-
free survival (PFS) and OS in non-squamous NSCLC (9).
Similarly, three phase III trials evaluated the addition
of an immune checkpoint inhibitor to platinum-based
doublets in advanced squamous NSCLC (10-13). The
cytotoxic T-lymphocyte antigen-4 (CTLA-4) inhibitor
ipilimumab combined with carboplatin and paclitaxel
did not result in improved PFS or OS when compared
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to chemotherapy alone (10). IMpowerl131 evaluated the
addition of the programmed death ligand-1 (PD-L1)
inhibitor atezolizumab to carboplatin plus nab-paclitaxel.
IMpower131 demonstrated a PFS benefit for the addition of
atezolizumab, but no OS benefit (11,12). KEYNOTE-407,
which is the focus of this editorial commentary, evaluated
the addition of pembrolizumab to carboplatin plus taxane.
KEYNOTE-407 demonstrated an improvement in
both PFS and OS for the addition of pembrolizumab to
chemotherapy (13).

KEYNOTE-407

KEYNOTE-407 was a randomized, double-blind, phase III
trial comparing pembrolizumab plus chemotherapy (n=278)
versus placebo plus chemotherapy (n=281). Chemotherapy
consisted of carboplatin plus a taxane (paclitaxel or nab-
paclitaxel). Chemotherapy was administered every
3 weeks for up to 4 cycles. Pembrolizumab or placebo were
continued until developmental of progressive disease, up
to 35 total cycles of treatment or other discontinuation
criteria were met. The primary endpoints of this study were
PFS and OS. The median follow-up at time of analysis was
7.8 months (13).

The addition of pembrolizumab improved the ORR
by blinded independent central review, 57.9% vs. 38.4%.
Similarly, the ORR was greater across all PD-L1 subgroups
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with the addition of pembrolizumab: 63.2% wvs. 40.4% for
PD-L1 negative, 49.5% vs. 41.3% for PD-L1 of 1-49%
on tumor cells and 60.3% vs. 32.9% for PD-L1 >50% on
tumor cells. This improvement in ORR translated into
a survival benefit for the addition of pembrolizumab to
chemotherapy (13).

The median PFS by blinded independent central
review was improved with the addition of pembrolizumab
to chemotherapy, 6.4 vs. 4.8 months, HR 0.56 (95% CI,
0.45-0.70), P<0.001. The median PFS was improved across
all PD-L1 subgroups: 6.3 vs. 5.3 months [HR 0.68 (95%
CI, 0.47-0.98)] for PD-L1 negative, 7.2 vs. 5.2 months [HR
0.56 (95% ClI, 0.39-0.80)] for PD-L1 of 1-49% on tumor
cells and 8.0 months vs. 4.2 months [HR 0.37 (95% CI,
0.24-0.58)] for PD-L1 >50% on tumor cells (13).

The OS was also improved with the addition of
pembrolizumab to chemotherapy, median OS of 15.9 vs.
11.3 months, 1-year OS of 65.2% wvs. 48.3%, HR 0.64 (95%
CI, 0.49-0.85), P<0.001. The addition of pembrolizumab
improved OS regardless of PD-L1 staining. For PD-L1
negative patients the median OS was 15.9 vs. 10.2 months
and 1-year OS was 64.2% vs. 43.3%, HR 0.61 (95% CI,
0.38-0.98). For patients with PD-L1 of 1-49% on tumor
cells the median OS was 14 vs. 11.6 months and 1-year
OS was 65.9% wvs. 50.0%, HR 0.57 (95% CI, 0.36-0.90).
Similarly, for patients with PD-L1 of >50% on tumor cells
the median OS was not reached vs. not reached and 1-year
OS was 63.4% vs. 51.0%, HR 0.64 (95% CI, 0.37-1.10).
Exploratory analyses did not reveal a particular subgroup
that benefited more than another. Specifically, there was no
significant difference in OS by whether patients received
paclitaxel or nab-paclitaxel. Information on incidence of
baseline liver metastases and any possible influence on
survival benefit was not provided. Approximately 8% of
patients had baseline brain metastases and due to these small
numbers subgroup analysis was not performed comparing
patients with or without baseline brain metastases (13).

The OS data are relatively immature due to the short
follow-up. However, it is noteworthy that the OS curves
were continuing to separate in favor of the pembrolizumab
arm at the time of data analysis for patients who were PD-
L1 <50% on tumor cells and for the whole study population.
The addition of pembrolizumab resulted in a longer median
duration of response, 7.7 vs. 4.8 months. Similarly, there
were more patients on the pembrolizumab arm who had
an ongoing response (57.1% vs. 41.7%) and who were
still receiving study treatment (43.5% vs. 25.7%) (13).
This suggests that the OS benefit for the addition of
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pembrolizumab to chemotherapy may improve with longer
follow-up.

There were 42.8% of patients who discontinued the
placebo arm and subsequently received a PD-1 axis
inhibitor. The effective cross-over rate for patients on the
placebo group to receive subsequent PD-1 axis inhibition
by different PD-L1 subgroups was not provided (13).
However, patients with PD-L1 positive disease and/
or higher PD-L1 staining may have been more likely to
receive second-line treatment with a PD-1 axis inhibitor.
The lack of significant OS benefit for the addition of
pembrolizumab to chemotherapy in patients with PD-L1
of 250% on tumor cells could be explained by a potentially
higher rate of subsequent PD-1 axis inhibition for patients
in this subgroup who were initially on the chemotherapy
alone arm (13).

Adding pembrolizumab to chemotherapy did not
significantly increase the any grade treatment emergent
adverse event rate (TEAE) or grade >3 TEAE when
compared to chemotherapy alone, 98.2% vs. 97.9% and
69.8% vs. 68.2% respectively. However, there was a higher
incidence of all grade immune mediated adverse events/
infusion reactions with the addition of pembrolizumab,
28.8% wvs. 8.6%. Additionally, the rate of discontinuation
of all treatment (13.3% vs. 6.4%) or any component of
treatment (23.4% wvs. 11.8%) was numerically higher for the
group receiving pembrolizumab (13).

How do we incorporate KEYNOTE-407 into clinical
practice?

Many questions have arisen following publication of
KEYNOTE-407. For instance, how do we select who
should receive pembrolizumab plus chemotherapy and
who should receive monotherapy with pembrolizumab?
Additionally, what is the role for other chemotherapy
backbones with immune checkpoint inhibition in squamous
histology NSCLC? Also, how does pembrolizumab plus
platinum plus taxane compare to other regimens that have
been studied and/or are currently being investigated for
first-line treatment of squamous NSCLC?
KEYNOTE-024 demonstrated a survival benefit for
patients with any histology NSCLC and PD-L1 on tumor
cells of 250% who were treated with pembrolizumab when
compared to platinum-based doublets (14,15). Subsequently,
a retrospective study suggested that patients with PD-L1
on tumor cells of 290% may have improved outcomes with
pembrolizumab when compared to patients with PD-L1
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of 50-89% on tumor cells. The ORR was 60% vs. 33%,
median PFS was 14.5 months vs. 4.1 months (HR 0.50,
P<0.01) and median OS was not reached vs. 15.9 months
(HR 0.39, P=0.002) (16). A second retrospective study
suggested a non-significant trend towards PFS improvement
in patients with PD-L1 on tumor cells of >90% who were
treated with pembrolizumab when compared to patients
with PD-L1 of 50-89% on tumor cells, 12 month PFS was
44.1% vs. 32.3%, hazard ratio 0.78, P=0.34 (17). Efficacy
outcomes for patients with PD-L1 of 50-89% on tumor
cells treated with pembrolizumab in these retrospective
studies were inferior to those seen in clinical trials of
pembrolizumab plus chemotherapy for patients with similar
or lower PD-L1 staining levels (9,13,16,17).

KEYNOTE-042 reported improved OS for
pembrolizumab monotherapy when compared to platinum-
based doublets in patients with PD-L1 >1% on tumor
cells. However, this survival benefit was only significant
for patients with PD-L1 of >50% on tumor cells. For
patients with PD-L1 of 1-49% on tumor cells there
was no significant survival benefit for pembrolizumab
when compared to chemotherapy, median OS of 13.4 vs.
12.1 months, HR 0.92 (95% CI, 0.77-1.11) (18). In
cross trial comparisons pembrolizumab monotherapy
appears to have less OS benefit than pembrolizumab
plus chemotherapy for patients with PD-L1 of 1-49%
on tumor cells (9,13,18). Thus, pembrolizumab plus
chemotherapy should be favored in patients with PD-L1 of
1-49% on tumor cells unless there are contraindications to
chemotherapy.

It is reasonable to treat patients with PD-L1 >50% on
tumor cells with pembrolizumab monotherapy and patients
with PD-L1 of <50% on tumor cells with pembrolizumab
plus chemotherapy. However, there is a possibility that
certain patients with PD-L1 >50% on tumor cells may
do better with chemoimmunotherapy as opposed to
pembrolizumab monotherapy. Perhaps the patients that
may do better with pembrolizumab plus chemotherapy are
those with PD-L1 50-89% on tumor cells or maybe certain
mutations may help with selecting which patients among
those with PD-L1 >50% on tumor cells should receive
pembrolizumab versus pembrolizumab plus chemotherapy.
Future trials will help in determining which patients with
PD-L1 >50% on tumor cells do better with pembrolizumab
monotherapy versus pembrolizumab plus chemotherapy.

The presence of KRAS and specific co-mutations has
been associated with efficacy or lack thereof in patients
treated with immune checkpoint inhibitors (19,20). However,
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KRAS mutations only occur in about 1% of squamous
histology NSCLC (21). KEAP1 mutations have been
associated with lack of significant benefit from the addition of
pembrolizumab to chemotherapy (20). KEAP1 mutations are
present in about 12% of squamous NSCLC (21). ARID1A
mutations were associated with benefit of PD-L1 inhibition
plus CTLA-4 inhibition when compared to platinum-based
chemotherapy, but did not have an association with benefit
from PD-L1 inhibition alone (22). ARID1A mutations
are present in 7% of squamous histology NSCLC (21).
The association of ARID1A mutations with efficacy of
chemoimmunotherapy regimens has not been reported.

The chemotherapy backbone in KEYNOTE-407
consisted of carboplatin plus a taxane (13). The benefit and/
or toxicity of PD-1 axis inhibitors plus carboplatin plus
gemcitabine is unclear. Investigating pembrolizumab or
other PD-1 axis inhibitors in combination with different
platinum-based doublets besides carboplatin plus taxane
could be beneficial.

IMpowerl131 demonstrated a PFS benefit, but no OS
benefit, for the addition of atezolizumab to carboplatin
plus nab-paclitaxel in metastatic squamous NSCLC.
There were 42.1% of patients on the chemotherapy arm
of IMpower131 who received subsequent therapy with an
immune checkpoint inhibitor (11,12). This rate of cross-
over was similar to the 42.8% seen on the chemotherapy
arm of KEYNOTE-407 (13). Thus, a higher incidence
of subsequent immune checkpoint inhibitor therapy
on the chemotherapy alone arm does not explain the
lack of OS benefit seen on IMpowerl31. About 1/3 of
patients on KEYNOTE-407 were PD-L1 negative, while
approximately 50% of patients on IMpowerl31 were PD-
L1 negative. However, KEYNOTE-407 demonstrated
improved OS in the PD-L1 negative subgroup, while
IMpowerl131 did not (11-13). This suggests that a higher
rate of PD-L1 negative patients is also not the reason for the
lack of OS benefit seen with the addition of atezolizumab
to chemotherapy in IMpowerl31. It is noteworthy that
the chemotherapy arm had better OS on IMpowerl31
than the chemoimmunotherapy arm for patients who
were PD-L1 low/intermediate, the exact reasons for this
are unclear (11,12). Whether differences in the patient
populations between IMpower131 and KEYNOTE-407
(e.g., incidence of baseline liver metastases, baseline
brain metastases, oligometastatic disease or receipt of
subsequent therapy) contributed to differing OS outcomes
with these chemoimmunotherapy regimens is unknown.
Pembrolizumab blocks the interaction of both PD-L1 and
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PD-L2 with PD-1 on T-cells, while atezolizumab only
blocks the interaction of PD-L1 with PD-1 on T-cells. The
exact role of PD-L2 in immunosuppression in squamous
NSCLC is unclear and whether PD-1 blockade has better
enhancement of efficacy in combination with chemotherapy
than does PD-L1 blockade remains to be determined.

Currently pembrolizumab plus carboplatin plus
taxane is the only chemoimmunotherapy regimen
approved for first-line treatment of squamous histology
NSCLC. Pembrolizumab monotherapy is approved for
initial treatment of patients with metastatic NSCLC
of any histology and PD-L1 of >50% on tumor cells.
CheckMate-227 reported an OS benefit for nivolumab
plus ipilimumab when compared to platinum-based
doublets in advanced NSCLC patients of any histology.
Specifically, for the subset of patients with squamous
histology NSCLC there was a significant benefit for
nivolumab plus ipilimumab in patients of any PD-L1 status
and for patients with PD-L1 >1% on tumor cells, the
relative benefit was similar to that seen in KEYNOTE-407
(13,23). Data for PD-L1 subgroups (negative, 1-49% on
tumor cells or >50% on tumor cells) was not provided
for the squamous NSCLC subset. For patients of any
histology NSCLC on CheckMate227 there was only an
OS benefit with nivolumab plus ipilimumab for patients
with PD-L1 >50% on tumor cells or PD-L1 negative with
tumor mutational burden >10 mutations per megabase by
Foundation Medicine tumor tissue testing (23). In contrast,
in KEYNOTE-407 the OS benefit of pembrolizumab
added to chemotherapy was seen regardless of PD-L1
status (13). Whether ARIDIA mutations may help predict
a subset of patients that may preferentially benefit from a
chemotherapy free first-line line regimen of nivolumab plus
ipilimumab remains to be determined.

The MYSTIC trial compared durvalumab with
or without tremelimumab versus platinum-based
chemotherapy in any histology NSCLC. There was no OS
benefit for either immunotherapy regimen when compared
to chemotherapy in this trial (22). These regimens are not
approved for first-line treatment of metastatic NSCLC.

The POESEIDEN trial had a press release suggesting
durvalumab with or without tremelimumab plus
platinum-based chemotherapy resulted in significantly
improved PFS compared to chemotherapy alone (24).
Similarly, the CheckMate 9LA trial had a press release
suggesting nivolumab plus ipilimumab plus platinum-based
chemotherapy resulted in significantly improved OS compared
to chemotherapy alone (25). However, data has not been

© Translational lung cancer research. All rights reserved.

151

presented for either of these trials. Thus, these regimens
should not be used outside the setting of a clinical trial.

IMpower110 compared atezolizumab monotherapy
versus platinum-based doublets in patients with any
histology NSCLC. There was a significant OS benefit for
atezolizumab monotherapy in the subgroup of patients
who expressed PD-L1 >50% on tumor cells or 210% on
immune cells. While exploratory analysis by histology did
not suggest a significant OS benefit for squamous histology
in this high PD-L1 group, there was a strong trend towards
significance [HR 0.56 (95% CI, 0.23-1.37)] which may
have been limited by the small sample size (n=50) (26).
Atezolizumab is not approved as first-line monotherapy in
patients with metastatic NSCLC and as a result should not
be used in this setting outside of a clinical trial.

Conclusions

Pembrolizumab plus carboplatin plus taxane is the only
approved chemoimmunotherapy regimen for metastatic
squamous NSCLC. This regimen should be utilized in
fit patients with PD-L1 <50% on tumor cells and it may
benefit some patients with PD-L1 >50% on tumor cells
more than pembrolizumab monotherapy. However, further
improvement is needed to optimize selection of which
patients should receive pembrolizumab monotherapy
versus chemo-immunotherapy. KEYNOTE-407
investigated a maximum of 2 years of pembrolizumab
therapy in combination with 4 cycles of carboplatin plus
taxane. However, whether 2 years is the optimal duration
of pembrolizumab treatment and the safety of stopping
pembrolizumab at 2 years in ongoing responders is unclear.
Additionally, the role of consolidative local therapy in
patients with limited remaining sites of disease following
chemoimmunotherapy and of radiation to oligoprogressive
disease in patients on first-line chemoimmunotherapy
remains to be determined. KEYNOTE-407 was a major
advancement; however, there is still a lot of room to
improve outcomes for patients with metastatic squamous

NSCLC.
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