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Background: The development of immune checkpoint inhibitors has revolutionized the treatment of cancer. Their use in non–

small cell lung cancer (NSCLC) remains in its infancy, but rapid progress has been made in treating metastatic NSCLC.

Methods: This article outlines the role of immune checkpoint inhibitors in the treatment of malignancy and reviews clinical trials

of novel immunotherapies in the setting of metastatic NSCLC.

Results: Traditional chemotherapy with a platinum-based doublet has long been the backbone in the treatment of metastatic

NSCLC. While the treatment of NSCLC can be targeted to specific mutations such as epidermal growth factor receptor, these

subgroups are rare. The development of immunotherapy has expanded the treatment options for patients who have failed

initial chemotherapy. Additionally, new studies have shown positive results for the use of immunotherapy in the first-line setting

under certain conditions, allowing pembrolizumab to become the first immunotherapy to be approved in the first-line setting.

Conclusion: Treatment of NSCLC is constantly changing, and new immune checkpoint inhibitors have shown promising results.

Clinical trials are examining their use in the adjuvant setting and in combination with other therapies, and these combination

therapies have the potential to show even greater benefits and broader applications than the individual drugs themselves.
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INTRODUCTION
Lung cancer is one of the most common malignancies in

the United States, with >200,000 patients diagnosed each
year.1 Non–small cell lung cancer (NSCLC) is the most
common form, comprising approximately 85% of all lung
cancers.2 Lung cancer is also the most common cause of
cancer-related death in the United States in both men and
women.3 Moreover, lung cancer is projected to remain the
leading cause of cancer-related death until 2030 with
>150,000 expected deaths in the United States annually.1

While survival has modestly improved since 1975 among all
patients with lung cancer, the 5-year survival rate remains
poor at 19.5%.4 However, 5-year survival varies widely
depending on the stage at the time of diagnosis, ranging
from 49% for local disease to 2% for distant stage disease.5

Up to 40% of patients with NSCLC initially present with
metastatic disease.2

While targeted therapy may be an option for patients with
genetic mutations such as epidermal growth factor receptor
(EGFR) mutations, these mutations are relatively uncom-
mon.6 The treatment for advanced stage NSCLC has
traditionally been centered on platinum-based 2-drug
combination chemotherapy in patients with an appropriate
performance status.7-9 However, immune checkpoint inhib-

itors are novel therapies that have had success in the
treatment of patients who have failed traditional therapies
and are now finding a role in first-line treatment under
certain situations.10 These new immunotherapies have
quickly become a promising approach in treating several
different solid organ and hematologic malignancies.11,12

Neoplastic cells have conventionally been able to escape
immunologic destruction through various mechanisms.
Tumors change their microenvironment through cytokines,
chemokines, and other soluble factors to evade immuno-
logic detection and destruction.12 As a result, the mecha-
nisms by which cancer cells escape the immune system
have been an area of great interest and research to discover
means by which to modulate the antitumor immune
reaction.10,13

Cytotoxic T lymphocytes (CTLs) play a major role in the
immune response to cancer cells through the recognition of
tumor-associated antigens and subsequent activation of
specific antitumor immune reactions.13 The CTL-associated
antigen-4 (CTLA-4) is a molecule expressed by activated T
cells that competes with CD28 signaling on the T cells.10

Activation of this pathway leads to decreased T-cell
activation and proliferation to prevent autoimmunity and to
allow for tolerance to self-antigens.10,12,14 Anti-CTLA-4
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antibodies block the CTLA-4 pathway, resulting in pro-
longed T-cell activation and proliferation, thus leading to the
amplification of antitumor immune response.12 Ipilimumab,
one such anti-CTLA-4 antibody, was the first drug to show
improved overall survival in patients with advanced mela-
noma.10,15 The success of ipilimumab showed that the
blockage of immune checkpoints is a promising target for
cancer therapy. The Figure depicts the mechanism of CTLA-
4 and programmed cell death-1 (PD-1) receptor interaction.

Another immune checkpoint that has been the focus of
significant research is the PD-1 receptor, a T-cell inhibitory
receptor similar to CTLA-4.10,12 The PD-1 receptor is found
on activated T cells, B cells, and monocytes and has been
linked to anergy and tumor immune escape.12 Two ligands
exist for PD-1: PD-L1 and PD-L2. PD-L1 is found on T cells,
B cells, macrophages, and dendritic cells, whereas PD-L2 is
found principally on activated macrophages and dendritic
cells.12 The presence of PD-L1 and PD-L2 on antigen-
presenting cells has been shown to provoke anergy or
apoptosis of T cells, and the expression of PD-L1 on
peripheral tissues has been shown to repress self-reactive
lymphocytes.12

PD-L1 expression testing is performed through a diag-
nostic immunohistochemistry assay. Traditionally, PD-L1
expression has required histologic samples, as the speci-
men needs to be fixed in formalin with a minimum of 100
viable tumor cells.16,17 However, 2016-2017 evidence
suggests that cytology samples taken via endobronchial
ultrasound with transbronchial needle aspiration should
provide adequate material for PD-L1 testing.17-19 Ultimately,
the means by which tissue sampling is pursued should be
individualized to the patient and clinical scenario. When PD-
L1 and PD-L2 are found on tumors, the result is immune
suppression involving the inhibition of CD8-positive (CD8þ)
T cells.12 An inverse association between PD-L1 expression

and intraepithelial CD8þ T-cell count has been identified,
suggesting that PD-L1 expression on tumor cells leads to
the suppression of antitumor CD8þT cells.12 In addition, the
levels of PD-L1 expression in tumors have been demon-
strated to correlate with worse clinical outcomes in patients
with various types of malignancies.12 As a result, important
advances in cancer treatment have been developed
focusing on these immune checkpoints and targeting the
molecules used by tumors to escape immune surveil-
lance.20 At the time of this article’s publication, the Food and
Drug Administration (FDA) had approved 3 immune
checkpoint antibodies for use as monotherapy in the setting
of NSCLC.

NIVOLUMAB
Nivolumab is a human immune checkpoint inhibitor

antibody that targets the PD-1 receptor to overcome the
immune resistance of cancer cells.21 The initial phase 1
study of nivolumab involved 296 patients with a variety of
advanced stage malignancies, including NSCLC, melano-
ma, prostate cancer, renal cell carcinoma, and colorectal
cancer.21 Objective responses (complete or partial respons-
es) were seen in patients with NSCLC, melanoma, and renal
cell carcinoma.21 Specifically with regard to NSCLC, the
study found an 18% cumulative response rate (all doses)
and a large percentage of durable responses lasting >1
year.21 Additionally, nivolumab had relatively manageable
adverse events, with grade 3 or 4 toxicities experienced by
14% of patients.21 Subsequent phase 3 randomized trials
treated both nonsquamous NSCLC (CheckMate-057)22 and
squamous NSCLC (CheckMate-017)23 with promising re-
sults. The CheckMate-057 trial was a randomized, open-
label, international study that compared nivolumab at 3 mg/
kg every 2 weeks to docetaxel at 75 mg/m2 every 3 weeks.22

The primary endpoint of the study was overall survival,

Figure. The mechanism of cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and programmed cell death-1 (PD-1)
interaction allows the adaptive immune system to recognize and target tumor cells through cell-mediated T cell activity. MHC,
major histocompatability complex; PD-L1, programmed death-ligand 1.
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which was significantly longer in the nivolumab arm
compared to the control arm.22 The median overall survival
was 12.2 months in the 292 patients receiving nivolumab
compared to 9.4 months in the 290 patients receiving
docetaxel with a hazard ratio (HR) of 0.73.22 The overall
survival rate was 51% at 1 year for patients receiving
nivolumab compared to 39% at 1 year for patients receiving
docetaxel.22 In addition, the progression-free survival (PFS)
at 1 year was 19% and 8% in the nivolumab and docetaxel
arms, respectively.22 Moreover, nivolumab use was associ-
ated with a lower grade 3 or 4 treatment-related adverse
event rate (10%) compared to docetaxel (54%).22 As a result
of these findings, nivolumab received FDA approval for
treating NSCLC in the setting of metastatic disease that has
progressed on platinum-based chemotherapy.24,25 Table 1
summarizes several other large trials that demonstrated
similar results.21-23,26,27 Given the success of nivolumab in
the second-line setting, the CheckMate-026 trial evaluated
nivolumab in the first-line setting compared to platinum-
based combination chemotherapy.26 The study examined
541 patients and showed that nivolumab did not improve
PFS, with a median of 4.2 months in the nivolumab group
compared to 5.9 months in the platinum-based combination
chemotherapy group.26 As a result, nivolumab remains
indicated only in the second-line setting after progression
on traditional chemotherapy.28

PEMBROLIZUMAB
Pembrolizumab is a PD-1 receptor inhibitor that is FDA

approved for the treatment of NSCLC.29 The phase 1 study
of pembrolizumab examined 495 patients with advanced
NSCLC.30 Regardless of PD-L1 expression, the overall
response rate was 19.4%, and the median duration of
response was 12.5 months.30 Furthermore, improved
efficacy of pembrolizumab was seen in patients whose
tumor cells had PD-L1 expressions ‡50%.30 The random-
ized, open-label, phase 2/3 clinical trial for pembrolizumab
(KEYNOTE-010) enrolled 1,034 patients with previously
treated NSCLC with a PD-L1 expression of at least 1% of
tumor cells.31 Patients were divided into 3 study arms
comprised of treatment with pembrolizumab 2 mg/kg,
pembrolizumab 10 mg/kg, or docetaxel 75 mg/m2 every 3
weeks. The primary endpoints for the study were overall
survival and PFS.31 The overall survival was significantly
longer for patients receiving either dose of pembrolizu-
mab; the median overall survival was 10.4 months for
patients receiving pembrolizumab 2 mg/kg, 12.7 months
for patients receiving pembrolizumab 10 mg/kg, and 8.5
months for patients receiving docetaxel.31 The HRs for
median overall survival were 0.71 when comparing
pembrolizumab 2 mg/kg with docetaxel and 0.61 when
comparing pembrolizumab 10 mg/kg with docetaxel.
Looking specifically at the subgroup of patients with tumor
cells that had PD-L1 expression ‡50%, the overall survival
was even greater at 14.9 months and 17.3 months for
patients receiving pembrolizumab 2 mg/kg and 10 mg/kg,
respectively.31 Even though no significant difference was
found in median PFS between all patients given pembro-
lizumab compared to those receiving docetaxel, the
subgroup of patients with tumor cells expressing at least
50% PD-L1 had significantly longer PFS with either dose of
pembrolizumab compared to docetaxel.31 Furthermore,

pembrolizumab was much better tolerated than docetaxel
with a grade 3-4 adverse event rate of 13% at a dose of 2
mg/kg and 16% at 10 mg/kg.31 Docetaxel had a much
higher adverse event rate at 35%.31

In addition to receiving approval for the second-line
setting of advanced NSCLC, pembrolizumab was also the
first immune checkpoint inhibitor to be approved by the
FDA for use in the first-line setting because of the results of
the KEYNOTE-024 randomized phase 3 trial comparing
200-mg pembrolizumab every 3 weeks to platinum-based
chemotherapy that was at the discretion of the investiga-
tor.32,33 The study included 305 patients with untreated
advanced NSCLC who also had tumors with PD-L1
expressions of at least 50% or greater; the primary
endpoint was PFS, and the secondary endpoints were
overall survival, objective response rate, and safety.32

Median PFS was 10.3 months in the pembrolizumab arm
compared to 6.0 months in the chemotherapy arm (HR of
0.50).32 Additionally, 6-month overall survival was 80.2% in
the pembrolizumab arm and 72.4% in the chemotherapy
group, with (HR of 0.60). The response rate was also
higher in the pembrolizumab arm at 44.8% compared to
27.8% in the chemotherapy arm.32 Similar to previous
studies, grade 3-5 treatment-related adverse events were
much less frequently seen among patients receiving
pembrolizumab compared to those receiving chemother-
apy, 26.6% vs 53.3%, respectively.32 As a result, the FDA
approved pembrolizumab as first-line therapy for patients
with advanced NSCLC and with tumor PD-L1 expression
levels ‡50%.

In May 2017, the FDA approved pembrolizumab for use in
the first-line setting in conjunction with carboplatin and
pemetrexed, irrespective of PD-L1 expression.34 The ap-
proval was based on KEYNOTE-021, a randomized phase 2
trial that used 4 cycles of 200-mg pembrolizumab in
combination with carboplatin dosed at the area under curve
5 mg/mL per min and pemetrexed 500 mg/m2 every 3
weeks followed by pembrolizumab for 24 months and an
optional indefinite pemetrexed maintenance compared to 4
cycles of carboplatin and pemetrexed alone followed by an
optional indefinite pemetrexed maintenance35 The KEY-
NOTE-021 investigators randomized 123 patients with
untreated advanced NSCLC into the aforementioned 2
groups with 60 and 63 patients, respectively; the primary
endpoint was the objective response rate, with secondary
endpoints being PFS, duration of response, overall survival,
and the correlation between PD-L1 expression and antitu-
mor activity. The study found that the objective response
rate with pembrolizumab, carboplatin, and pemetrexed was
55% compared to 29% in the carboplatin and pemetrexed
group.35 Additionally, PFS was greater in the cohort
receiving pembrolizumab with a median PFS of 13.0 months
vs 8.9 months in the cohort treated with carboplatin and
pemetrexed alone.35 Moreover, 93% of the patients treated
with pembrolizumab plus chemotherapy experienced treat-
ment-related adverse events compared to 90% of the
patients treated with chemotherapy only. Although a high
number of adverse events were reported, only 39% and
26% of patients in the above groups, respectively, had
events of grade 3 or worse severity.35 The landmark
KEYNOTE trials for pembrolizumab are summarized in
Table 2.
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ATEZOLIZUMAB
Atezolizumab, a PD-L1 inhibitor, is the third FDA-

approved immune checkpoint inhibitor for use in patients
with NSCLC.36 The early phase 2 multicenter, randomized
controlled POPLAR trial divided 287 previously treated
patients with advanced NSCLC into 2 treatment arms:
1,200-mg atezolizumab or docetaxel 75 mg/m2 every 3
weeks.37 The primary endpoint was overall survival, and
patients who received atezolizumab had a higher median
overall survival of 12.6 months compared to 9.7 months in
the docetaxel group (HR 0.73).37 Increasing PD-L1 expres-
sion in tumor cells correlated with increasing improvement
in overall survival.37 With regard to treatment-related
adverse events, 11% of patients in the atezolizumab group
experienced grade 3-4 adverse events compared to 39% of
patients in the docetaxel group.37 A subsequent random-
ized phase 3 trial (OAK) looked at 1,225 previously treated
patients with advanced NSCLC who were randomized to
receive either atezolizumab 1,200 mg or docetaxel 75 mg/
m2 every 3 weeks.38 The OAK trial identified a significantly
longer overall survival among patients treated with atezoli-
zumab, with a median overall survival of 13.8 months
compared to 9.6 months for those treated with docetaxel
(HR of 0.73).38 Similar to other studies investigating immune
checkpoint inhibitors, the rate of treatment-related grade 3-4
adverse events was lower in the atezolizumab group
compared to the docetaxel group, 15% vs 43%, respective-
ly.38 The OAK and the POPLAR trials are summarized in
Table 3.

FUTURE DIRECTIONS
At the time of this article’s publication, several clinical

trials investigating combination immune checkpoint inhibi-
tors are in progress, exploiting both CTLA-4 as well as PD-1/
PD-L1 in the setting of NSCLC because of the promising
results seen in the treatment of other malignancies such as
melanomas.39 Nivolumab combined with ipilimumab is also
being evaluated in patients with recurrent NSCLC under a
phase 1/2 trial (CheckMate-032) with some preliminary
promising results.40-42 Similarly, a phase 1 study looking at
combination pembrolizumab with ipilimumab is in progress
with some promising results.41 In addition to the combina-
tion of various immune checkpoint inhibitors, various
studies are evaluating the role of immune checkpoint
inhibitors given alongside other targeted therapies such as
EGFR inhibitors in EGFR-positive patients.40,41 Moreover, 2
upcoming studies combine these novel immune checkpoint
inhibitors with traditional chemotherapy or radiation therapy,
both with preliminary results suggestive of benefit.40,41

CONCLUSION
Immunotherapy offers a novel approach to the treatment

of advanced NSCLC in the absence of targetable genetic
mutations. As time passes, the indications for these novel
therapies continue to expand, including more patients and
changing the course of disease. Ultimately, the manage-
ment of NSCLC has undergone revolutionary changes, and
as a result, further advances in treatment are anticipated.
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